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than oarrows. Significant sex differences were also observed in t!le chemical 
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fat trim; and total dissectable muscle, fat. and bone. ~idely divergent growth 

gradients ..... ere observed for individual muscles within various regions of the 
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cilemical composition of Iean and fat. but only minor differences in organolep

tic properties were detected. 
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1. The first report:, as far as the author is a\.Jare, of tile use of chlorhy

droxyquinoline as a feed additive for swine. 

2. The first demonstration, as far as ~he author is aware, of alterations in 

the electrophoretic pattern of sarcoplasmic pro teins in response to chlor

hydroxyquinoline supplementation. 

3. The first provision of evidence, as far as the author is aware. that loin 

"eye" area X carcass length is highly correlated with total dissectable 

muscle content. 

4. The first reported study, so far as the author is aware, providing evidence 

that increases in intermuscular fat content of certain muscles at heavier 

slaughter weights are partially responsible for the apparent divergent 

growth gradients between individual muscles. 

5. The first reported study, 50 far as the author is aware, comparing the or

ganoleptic and cooking properties of meat obtained from Lacombe X (Yorkshirè 

X Lacombe) pigs slaughtered at various live ... ,eights. 

6. The first evidence, as far as the author is aware, of a lower total crude 

protein and stroma plus myofibrillar nitrogen content of X. i:e,,{:e>~'::>;c.,:,;(;; 

from Lacombe X (Yorkshire X Lacombe) gilts as compared to barrows. 

7. The first report, as far as the author is aware. describing variations in 

electrophoretic patterns of sarcoplasmic proteins extract~d from x. "~';.:' .;

.'0:.-::.::: dcr:;:' and ,'.!. <:,.",,{t-9r.dÙ'C3:../.E of LacOOloe X (Yorkshire X Lacombe) swine 

as related to s~x and slaughter weight. 

8. The first provision of evidence, as far as tne autoor i5 aware. of variations 

in the fatt:; acid composition of N. Z·:.,:,l{;:;::.-: .... -: ~/r.,;:· intraouscular fat a:1d 

X • .J.~:-::.:.?):.::::.':.:;.?~; inten:auscular fat of Lacombe X (ïorkshire X Lacomhe, S-.·Ük 

as related to sex and slau~hter weight. 

iv 



TABLE OF CONTENTS 

Page 

~E~ORIAL • • • • ii 

ACK~WWLEDGEMENTS Ui 

CLAnfS TO ORIGINAL RESEARCH. iv 

LIST OF TABLES • viii 

LIST OF FIGURES x 

Chapter 

1. GENERAL INTRODUCTION 

2. HISTORICAL INTRODUCTION 

2.1 :-Iethodology in the Estimation of Body Composition. 

2.1.1 Techniques Applicable to Live AnimaIs. 
Visual appraisal and linear measurents •• 
Probe measurements. 
Ultra::;onic echo 
Chemical •.••.• 
Density . . . . • . • 
Creatinine Excretion. 
Electrolytes. . 
Other . . . . • . . 

2.1.2 ~ethods Employed in the Estimation of Carcass 

3 

3 

3 
3 
4 
S 
7 
9 

12 
13 
14 

Composition . . . . IS 
Linear measurements lS 
Cross-sectional measurements. 17 
Weight and analysis of sample cuts. 18 
Specific gravity. . . . 20 

2.1.3 Whole Carcass Analysis. 22 
Chemical analysis . . 22 
Anatomical dissection. . 24 

2.2 Factors Affectin~ proportional Composition in the Pige 25 
Plane of nutrition. . . . . 2S 
~utrient interrelationship 29 
Antibiotics. 31 
Hormones . 
Sex ..... 
Breed. . . . 
Age and ... eight 
Exercise . . . 

v 

J3 
)) 

J7 



t 

Table of Contents (cont'd) 

Chapter 

2.3 Characteristics lnfluencing Eating Qualities of 
the Carcass ••••.•. 
Proportional composition 
Quality of lean. 
Quality of fat •. 

3. EXPERIMENTAL. 

3.1 
3.2 
3.3 
3.4 

3.5 
3.6 
3.7 

3.8 

General. 
AnimaIs. 
Rations. 
!'lanagemen t . 
Housing. . 
Feeding. • . 
Weighing .• 
Slaughter. • • • . 
Carcass Evaluation • • 
Anatomical Dissection. 
Organoleptic Evaluation .• 
Cooking procedures • 
Taste panel .... ~ 
Press fluid ..•. 
Chemical Analysis .. 

3.8.1 ~uscles .. 
pH determination. 
Protein separation. • .•. 
Horizontal starch-gel electrophoresis 

3.8.2 Fat .....•.. 

3.9 Statistical manipulations. 

4. RESULTS ~~D DISCUSSIOS. 

4.1 

4.2 

4.3 

4.4 

4.5 

Growth performance 
Summary ...... . 
Carcass composition .. 
Summary. . . . . . . 
Anatomical Dissection. 
Summary. . • . . . . . 
Proport ional 
Summary •.. 
Organoleptic 
Summary. . . 

Gro_th of lndividual ~usc1es. 

Assessment. 

vi 

Page 

43 
43 
44 
49 

52 

52 
52 
52 
54 
54 
54 
54 
54 
54 
57 
58 
58 
59 
60 
60 

60 
60 
61 
61 

62 

65 

66 
73 
75 
83 
86 
95 
97 

104 
106 
110 



Table of Contents (cont'd) 

Chapter 
Pag~ 

4.6 Chemical Analysis. 

4.6.1 ~uscle .... 

4.6.2 

BIBLIOGRAPHY • 

APPE~DIX • • • 

General . . 
Starch-gel electrophoresis. 

Summary 

Fat .. 
Summary . 

V i; ... 

111 

III 
III 
115 
121 

123 
127 

130 

151 



1 

,. 

LIST OF TABLES 

Table Page 

1. Basal feed composition 53 

2. ~ean growth performance of barrows and gilts 67 

3. ~ean growtil ~erformance of crossbred feeder pigs fed various 
levels of chlorhydroxyquinoline. . 71 

4. !-Iean growtÏl performance of c rossbred feeder pigs fed to various 
slaughter '",eights .•. " ... • 72 

5. Mean selected slaughter and carcass data for barrows and gilts 76 

6. Aean selected slaughter and carcass data for various levels of 
chlorhydroxyquinoline (CHQ) supplementation. . 77 

7. !-Iean slaughter and carcass data for crossbred pigs fed to 
various slaughter weights. . . . . • • . . • • . • 79 

8. The influence of slaughter weight on conversion of feed to 
saleable carcass components .. 

9. The influence of sex on anatomical composition of the total 

80 

right side of carcasses. . • . . . . • .. .... 87 

10. The influence of cnorhydroxyquinoline (CHQ) treatment on the 
anatomical composition of the right side of the carcass. 89 

Il. The influence of slaughter weight on the anatomical composition 
of the total right side of the carcasses ....... 90 

12. The influence of sex on cookin~ and eating characteristics of 
pork loin roasts . 107 

13. The effect of chlorhydroxyquinoline (CHQ) treatment on cooking 
and eating characteristics of pork loin roasts . 108 

14. The influence of slaughter welgnt on cooking and eating charac-
teristics of pork loin roasts. . . 109 

15. The influence of sex on various cheoical ana1ysis of g. !'C"-':: __ i~-

16. The .nf1uence of chlorhydroxyquinoline (CHQ) treatment on 
various chemical analysis of X. Z~>::!:'::l::'-':"':; i:-rs:' and X . .?~-::-

112 

. 113 

17. !he in~lue~ce .of s~aug~ter .~ight on various cheoical ana1ysis 
of .'.!. ~:):7:Sè:.-:--J. .. ] ~"!'[!~ and !.! . .. -:;~-::':';):~::""~~:k. .. .. ..... .. 114 

....iii 



List of Tables (cont'd) 

Table Page 

18. ~ean densicord readings from starch-gel electrophoresis of 
M. semitendi~~sus expressed as a percent age of total . . . . . . 116 

19. Mean densicord readings from starch-gel electrophoresis of 
M. longissimus dorsi expressed as a percentage of total. . 117 

20. Mean proportions of various fatty acid components of M. longis
simus dol'si intramuscular fat (weight %) • • • • • • • • • •• 124 

21. :1ean proportions of various fatty acid components in intermus-
cular -fat adjacent to !.f. semitendinoswJ (weight %) ••••••• 125 

ix 



LIST OF FIGURES 

Figure 

1. Loin tracing taken at the position of the center cut. 

2. The cummulative rate of gain of barrows and gilts to 

various slaughter weights . . 

3. Th2 cummulative feed efficiency of barrows and gilts 

up to various slaughter weights • • . . 

4. The mean growth efficiency of crossbred feeder pigs 

to various slaughter weights. . ... 

5. The productive efficiency of carcass components to 

various slaughter weights . . . . . 

6. The proportional growth of major tissues expressed as 

a percentage of mass at 56.7 kg .....• 

7. The productive efficiency of muscle growtn to various 

slaughter weights . . • . • • . . . . . . . 

8. The proportional growth of selected muscles from the 

Page 

56 

68 

69 

74 

81 

91 

93 

ham re~ion expressed as a percentage cf mass at 56.7 kg . 99 

9. The proportional growth of selected muscles from the middle 

region expressed as a percentage of mass at 56.7 kg . 100 

10. The proportional ~rowt:l of selected muscles fram the Siloulder 

region expressed as a percentage of mass at 56.7 kg . 101 

Il. ~ean densicord readings from starch-gel electrophoresis 

of ."!. Z.-:;;:;iszir:-...."J dorai sarcoplas:nic fract ion expressed 

as a percentage of the total. . . . . • 119 

12. The superimposed densicord plot of.'-!. z.o ... ?~:;;eir-:..;; 'Zr:;;.. 

and X . .:;erz:::eY!d:>:.?3:"S electroJ)horetic separation of sarco-

plasmic proteins from animal 561. . . . . . . . 120 

13. The relative proportions of the major fatty acid cOt:lponents 

of w>'J:'ssir-:..;; ,zrs: intramuscular fat and ee~:~e,:d:y',::;'.?-"'E 

intermuscular fat (\o'ei~ht h). . . . . • 128 

x 



l 

1. GENERAL I~TRODUCTION 

vomesticated animaIs have been selected throughout the world 

to serve human needs in a multitude of different ways. As a source of 

food, the pig has evolved as one of our Most important Meat animaIs. The 

improvement in prolificacy, rate of gain, feed efficiency and proportion 

of edible lean Meat in present day stock over their ancestors has been 

phenomenal. Future improvements will be smaller and more difficult to 

attain, but are essential if tne pig is to survive competition. 

T~e present study was undertaken in an attempt to determine the 

influence of sex, dietary supplementation of chlorhydroxyquinoline, and 

slaughter weight on the proportional anatomical composition and carcass 

qualities of cross-b~ed bacon-type feeder pigs. 

The broad spectrum of activity of chlorhydroxyquinoline, its 

non-toxic properties and stable composition suggested that it would be 

ideal for inclusion in feeds for the purpose of stimulating the rate and 

efficiency of gains. 

Canadian hog carcass grading regulations are based on the pro

duction of an animal of 200 lbs live weight which was the weight suitable 

for Wiltshire side production. The cessation of a British market for 

Wiltshire sides produced in Canada, the reduction in value of animal fats, 

a consumer demand for smaller cuts of Meat containing a greater proportion 

of lean, necessitated the elucidation of the optimal slaughter \ ... eight for 

current conditions. The variation existing between sexes in rate of gain 

fced efficiency and proportional composition indlcate tnat tne optL~l 

slaughter veignt May not be the same for bath barrows and gilts. 
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The main criteria of eva1uation I.;as gro\o."t:l rate, feed efficiency 

and carcass composition as determined by anato::lÏcal dissection. Carcass 

measllrements, spE:cifi.: gravit y , chemica1 composition, and organoleptic 

properties were a1so determined in an attempt to estab1ish interre1ation

ships which wou1d permit e1ucidation of the effect of ch1orhydroxyquinolinc 

supp1ementation and optL~a1 s1aughter weight. 

The ~ork reported herein was conducted between September, 1962 and 

:-;ovember, 1965. 
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2. HISTORICAL I~TRODCCTIO~ 

The quantity of publications pertaining to the subject presentl)' 

under investigation serves as a testimonial to the interest in and the im

portance of body composition studies. Knowledge on body composition is 

the result of laborious investigations involving numerous methods of evalu

ation. 

2.1 METHODOLOGY I~ THE ESTI:1A TION OF BODY COMPOS 1 TIO:'; 

2.1.1 TECHNIQUES APPLICABLE TO LIVE A:nHALS 

Visual Appraisal And Linear .teasurements 

Numerous animal production workers have attempted to establish 

correlations between external body measurements and/or visual appraisal and 

carcass quality. (Lush and Copeland, 1930; ~lc~·!cekan, 1941; Willman and 

Knider, 1943; Hetzler .,:; ::::Z., 1950; Bratzler and ::argerum, 1953; Hennin~ 

and Evans, 1953; Harrin~ton, 1958a; Robinson.o::' ~i.., 1960; Harringtonetal •• 1963; 

Taylor, 1963; Kirton, 1964a; Lewis ,;;t .::.: ., 1969). ~cporl~d correlations have 

seldom been large enough to ~rrant use of the measurements in selection of 

breeding stock, or in growth studies. Furtnermore, a major limiting factor 

in the use of live animal measureoents has been the inaccuracy of the mca

surements themselves. 

Visual appraisal or scorin~ of live hogs is of limited value in 

assessment of carcass composition. Exycrienced livestock ~cn have, howevcr, 

demonstrat·ci their aoility to place groups of hogs on an average value basis. 

Harrington. '.: ~:., 1960; Lewis, c:: ~:., 1969). Live hog tape measur~ents 

:lave bec .. sho ... -n to bc uscful guides to s:-..ape, size a::d '."eight, but net neCéS-

5."1rily good guides to 1ean:fat:bonc raties C-k:lrris. "'J ~: •• 1950). 
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:10st researchers nowagree that differences in conformation of 

live animaIs are on1y of importance in the prediction of carcass value when 

they reflect differences in content and distribution of the major tissues. 

Probe Measurements 

The ruler-probe technique has been used to measure subcutaneous 

fat thickness in the live pig (Hazel and Kline, 1952; Hazel and Kline, 1953; 

Hetzler et ~:., 1956). Attempts have been made to establish the accuracy of 

orobe ~easurements taken at various sites in the prediction of carcass back-

fat thickness as weIl as other measures of carcass merit. (Depape t3t al,. J 1956; 

Pearsone: a 7,.# 1957; Harrington 1958a) In ~eneral. the correlation between aver

age measurements taken at various positions on the dorsal surface of the 

live ar,L"llal and percentage of carcass primaI cuts have been too small to 

permit an accurate prediction of carcass value. 

A refinement of the probe technique was developed by Andrews and 

wnatley (1954) (as cited by Harrington, (1958a,b). This device made use of 

the fact that the electrical resistance of muscle tissue is only one-tenth 

that of fat. A needle carrying the electr0d~s ..as pushed through the skin 

and subcutaneous fat until its tip reached the underlying muscle. The exact 

depth at which the needle reached the muscle tissue was indicated by a sudden 

deflection on an ammeter. This device has subsequently been marketed com

meriea11y under the name "Lean ~eter", and bas been tested in several countrics 

(Berg and Bowland, 1956; ~u:nont, 1957; Harrington, 1958a). Robinson e:: ::;;:Z'J 

(1960) studied the :-elationship between nine different live hog measurements 

taken at various ages and weights in relation ta carcass yields. They eon

e1ude<! that baekfat thickness at the lein and ·.·eignt of hogs at 154 days of 

age exp1ained .. 2;': of the variation in Iean cut yield. 
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Ultrasonic Echo 

Dumont (1957) was the first to report the use of the ultrasonic 

echo-rangin~ technique in the measurement of backfat thickness of pigs. Cl-

trasonic waves were propagated at right angles to tite skin of the animal and 

echoes were refI'ected from the interface between the muscle and ti1C fat. Tile 

resulting pulses \o'ere amplified and displayed as peaks on a cathode ra)' tube. 

The time lapse bet\IIeen the signal and the eciw was found to be proport ional 

to the distance ~etween two peaks. Therefore, measurement of the speed at 

which sound travelled through the skin and fat provided a measure of fat 

thickness. Good accoustical contact between the transmitting instrument and 

the skin was ensured by wetting the back of ti1e animal. The method was ob-

served to be rapid, repeatable and harmless to the animal. The agreement 

oetween measurcments of backfat by this method on the live animal and caliper 

backfat measurements taken at the same posit ion after slaughter was good. 

Subsequently, several research workers have used this technique to 

study growth and carcass composition (Hazel 6. Kline, 1959; Stouffer, 1959; 

Pr ice ,,..,Î ........... , 1960a,b; Stouffer . .:: ~Z •• 1961; Stouffer, 1963; Zobrisky and 

Hedrick, 1965; Joblin, 1965; Ander son .,: -;;,:. .• 1969, Gilles e:: 1969; 

Stouffer -4 .... , 1969; Jones 1970). Although correlations between 

u1 t rason ic backfa t th ickness determ ina t ions and carcass ca 1 iper measurL-men l 

was ~enera1ly high, sorne i::lportant diffieulties were encountered. ri r s t 1 ::, 

,-,ven slight ::love:nent on the part of the pig causL'd fluctuations in oseillo-

Secondly, the fascia produced a response on the oscilloscope 

• ... hien could casily he :":listaken for a response fro:n thc fat~uscle interf;icc. 

~evertheless. Joblin (1965) reportL-d a correlation of +0.33 bel'.'ce;) ultra-

sonic :'a.:kfat :::Ieasure!:lents on live pi~s a;1c! fat percenta~e in t:1é carcass. 

Si::lilarl::, Hazel and ~:line (1959) foune thL' correlation bet·.'ce;) avera>;o: 
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ultrasonic pro:-<- -:\t:"asurements and percent loin L'lIts to be -0.90. rurthermore, 

Price .' ~"., (1960a) found that live probe rl'::ls\.Jremcnts, carcass backfat mea-

surements and measurements made by the ultrasonic method .... ere of equal value 

for the prediction of ~eight of lean and pri~l cuts. 

Stouffer (1959) developed a method whercby the cross-sectional area 

of the loin eye muscle of cattle could b~ ~lott~d [rom ultrasonic reflection 

measurements taken at d if ferent angl es of inc JJL"nc<:. 

plied the technique to swine by taking soundin~~s at ont.: inch intervals over 

the contour of the back at the position of the last rib. Although sorne sub-

jective judgement was necessary in the complction of th~ ultrasonic plots, the 

means of the estimates of muscle area was not significantly differcnt from the 

area of the loin cye muscle measured from tr:lcing!i of the rough loin. (r=+O .7:'). 

However, the method was considered too time consumi~g and tedious for practical 

use. 

More recently, Stouffer -::t :~~., (1961) developed an instrument \.Ihich 

would record numerous ultrasonic probings in the form of a mecnanized scan and 

.... hich produced the pattern photographically. Subsequent adaptations have re-

sulted in the development of an electronic scanning systc.-rn. (Stouffer, 1963; 

Stouff.~r .:::: :;:., 1969). Although repeatabilit:.' on successive ultrasonic mea-

surement.s was ~ood, it .... as not~d that the rclat iO:1ship bet\o.'cen ultrasonic and 

actual carcass measuremcnts .... as poor. This ... ·a5 attributed to positional ·.:ari-

ation of eye ::lusclc area and fat ti.ic;~:1cSS, to chan~€'s in shape and size of 

eye ~uscle dut! to 51au;.;n:ering and hanging. a='ld te variations in pressure 0: 

the transduc:er against the hide. 

~c-:cntl: ... Zobrisky and :-iedrick (196:') reporte:! the de':élop:::lent 0: 

a sioplified ultrasonic proceèure for the ~caSUr~é='lt of area 

in cattle and s~i='le. T~e procedure _as :cu~d te ~e as accurate as thé sta~Gard 



7 

procedure, and required 33% f~wer measurements and 75% less time. 

Che:nical -----
Chemical methods have also been used in attempts to establish 

an accurate means of predicting carcass charactcristics from live animal 

measurements. It has been known for some time that the water content of 

animais decreases as the animal fattens (~lurray, 1922; ~loulton, 1923). SL'-

veral workers have snOl,rn tilat the composition of the "fat-free" body (i.e., 

protein, minerais and water) of man:: species is relatively con~tant after 

maturity is reacned. (Harrington, 1958a,b; ~orris and ~oir, 1963; ?onaretto, 

1963a,b,c; Bersadoun.";; -:.l., 1963; Ponaro.::tto and Till, 1963). 

Ponaretto (1963c) reported that the fat-free body mass contains 

... -;lter in a fixed proportion (73-74%), tLat fat-free dry matter i5 about BO;: 

protein and that the .... ater and fat contents of the animal body arc invcrs.:l:; 

related. Hencc, '.:st imates of total body ~,ater cuuld be used to prov ide .. Il 

est ima te 0 f prote in, ash and fa t. Once t he est imate of t he "fa t-irce" bod:: 

weight has been obtained, body fat could be oredicted by difference fror:l the 

t 0 ta 1 body • ... e i :.; h t • 

The validity of the assumption tÏlat water, protein and r:li!1éral 

matter in the fat-frce body approaches constancy ilas becn qucst ioned. (Cla'~'son 

e: c::'., 1955; Harrin~t.on, 1958a). For exa:nole, considerable differences ha'J(-

becn obscrved in the a/!es at · .... hich a:1i::;;115 b,:co:':le ch.:::nicall:.' ::lature. Furtil<:r-

oore, data obtainéd for :.'oung ani:nals (!id :1<'t fit t;IC strais;ht line relation-

.... ater on a fat-fret: ba~is. Ho.-(:ver. i:: eIder a:1i:':!,als, · .. ·here tnc hoc!-.· fat 



This r~lationship bctween body fat and body water has served 

as the basis for thé indirect estimation of body fat by the solute dilu-

8 

tian technique. This methud involves the intravenous injection of a solute, 

followed Dy subse'!uent sampling and analysis ta permit calculation of the 

degree of dilution. Then. by application of the assumed straight line re-

lationship bet\.:een body ... rater and body fat. an est imate of body fat Clll Dl? 

obtained. 

Harrington (1958a). reviewed the ~equir~ents that a solute must 

meet in order ta he useful in this technique. He concluded that a solute 

must. after intravenous injection, spread evenly and rapidly through the 

body water. must not be soluble in fat or other body solids and must be 

transformcd and excreted slowl;: and at a preci:;el~' measurable rate. 

more. the solute must be non-toxic in the n:quired dosage and an accuratc, 

convenient method for its estimation in blood plasma must be avaiIabl .... 

The most c<X:lmonly used cheoical for estimation of total bod:: 

water has been antipfrene. :-:umerous reports indicate a wide range of cor-

relat ions bctween fat content as detenn ined by the ant ipyrene technique :lnd 

fat ccntent calculated by direct chemical analysis. (Kraybi11 1'.:1 J J: 

Clawson . :.;:,., 1955; Harrington 1958a) In addition, litt1e agreL-:nt:=nt il:l:; 

been rea~iH~d on t:1(.' rate cf metabolisrn of antiyyrene. Because of this, 

Dumont (1957) statcd that. "L'è::lploi d ... l'antipyréne doit etre ahandonn~ si 

l'on veut obtenir une mesure précise de 1'ea.~ corporelle." 

Otber solutes employ ... d for the estination of total boé:; .... ater i:,

ciude deuterium oxide, tritium, urea, and !';-acetyl-':'-aminoantip:.-rl:nt.: (:)uno"t, 

19Sï; Harrington. 19S8a; Kay,:: .:.:: •• 1962:Kirton.196~a; 
~C~h;,\U5 .': 



"It i5 doubtful wht.:tÏler sufficient accuracy can be achieved to make the 

methods useful for experir.Jental purposes." 
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Theoreticall~, a substance perfeetly soluble in fat, but insoluble 

in other body constituents, could be used for the direct determination of 

body fat. l:nfortunately such a substance has not been found. Thereforc, 

attention has becn dircctcd to substances having a higher solubility in fat 

than in otner components of the fat-free body. For example, ni trogen g~lS 

has been uSl;d since it i5 five times as soluble in body fat as in body \.ater. 

According to Harrington (1958a), errors were encountered due to the presence 

of nitrogen gas in intestinal gases, the absorption of nitrogen through the 

skin and the n:quirement for an excessively long "washing-out" period in an 

.atmosphere of pure oxy~cn. Lesser r:t..2l., (952) investigated the anaesthet ie 

gas cyclo~'l"opane and found that the av(>rage fat content of ten rats dcter

mined by this method \:a5 t!)(.ctly the same as the fat content determined by 

ether extraction. ~bwever, cyclopropane, and similar gases. are not suitable 

for use with pigs because of the excessive length of ti:ne required to rcach 

e(~u i l ibr ium. 

Densi~ 

fat Ï1as a low<'r density than other body constituents (Du."TIont, 19:)7; 

Harrington 1958a,b; Benn~e. 1961; Panarctto, 1963; Holme ,_: ~"., 1963a; 

Kirton, 1964b: Standéll. 196:;'), and thercfore ..... hole bod:: dcnsit::::tay be us(·d 

as an index of gros,,; OO,!'; coeposition. The percentage of fat relative te 

body weight ha,.; DCén sho ... :n to oc invèrscly proportional to spécifie grav:t:: 

or densilY of the body. 

In arder to ealculate densit::. l·.u oDsérvat ions a:-c nt:cessar:; --

t he o.. S 5 and t he \:0 1 um e • The · ... eight of the ani::lal is casil:: obtai~(:d. ::,ut 

.1 ::le.15Urc:llent of the ·;clt.t::1e of an irregularly sr:aped :x,d:;, ·~·:;iC:1 ro::t.'::,c, 
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gas-fi11ed cavities, has proven to be difficu1t. (Harrington, 1958a,b; 

Behnke, 1961, Kirton, 1964b). By means of Archemedes princip1e. underl..'ater 

weighing permits calcu1ation of density according to the fo110wing eouations 

(H01me et al., 1963). 

density wt. in air x densit .... of water at temperature of determination 
wt. in air - wt. in water 

If the correction for the density of water is omitted, then the 

formula gives the specific gravit y of the body. 

Sp. Gravit y .... t. in air 
wt. in air - wt. in water 

The water disp1acement method has been used successfully witil 

human subjects when an estimate for 1ung volume can be made. (Behnke, 1961; 

Kirton, 1964b). In arder to circumvent the discomfort of submergence in water 

and the resulting strugg1ing of fann and laboratory animaIs, Lynch '~~lZ.J 

(1963) described a technique using anesthetised hogs. The metnod has had 

limited application ta date. 

Animal vo 1ume, and hence density. has been determined by tilC method 

of air disp1acement (Luizzo et ~:., 1956, 1958; Harrington, 1958a; Gnaedinger 

.;: ~: .• 1963ab; Falkncr, 1963; Lim, 1963; Kirton, 1964b)or inert gas dilution 

(Harrington, 1958a; Behnke. 1961, Siri, 1961; Foman q" aL, 1963; Gnaedinger 

,-': ~: .• 196341). The air displacement method involved the introduction of a 

kno_"" volume of air into an airt ight chamber. Changes in air pressure ',.;cr(' 

ca1ibrated a~ainst objects of kno_"" volume. On theoretica1 grour.ds Harrin~ton 

(1958a) reported that for the estimate of fat content ta be .'!ccurate ta 1/2%, 

the density e~tio.îte oust he accurate to the third decimal place. 

The dctermination of density by gas dilution has been based un the 

dilution of a ;';'nO'oo"O vollL'!le of g.3S .... hen a!lo .... ed ta flol.' froo a S'!lall cll.JseÔ 

cha:nber into a lan;er closed c:-.aob"r cont41i,.::.1~ the sub:(·ct. iiarrin:;tr.r.. 
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(1958a) reported that the standard deviation for a single measurement of 

volume of a subject by this rnethod was 0.15 liters. 

However, Gnaedinger et al., (1963) did not obtain a significant 

correlation when they related body density of live pigs (as determined by 

the air displacement method) to a direct determination of body composition. 

Hix and Pearson (1964), used the same technique but with better control of 

temperature conditions and claimed hi~h correlations between density of 

humans as determined by the air displacement method and density as deter

mined by the helium dilution method. 

Kay and Jones (1962) determined body density of pigs by a technique 

which combined the water displacement and helium dilution methods. Subse-

quently the animaIs were slaughtered and carcasses were ground to provide 

samples for chemical analysis. Unfortunately, the relationship between body 

density and body fat content was poor (r = -0.57). A somewhat closer re

lationship occurred in fatter pigs than in leaner anbnals. 

In addition to the physical difficulty involved in an accurate 

determination of the volume and density of a live animal, it has been neces

sary to assume constant values for the density of fat and for the density 

of the "fat-free" mass in order ta makt! a direct estbnate of total body fat 

from body density. The fallac .... of this assumption is that the density of 

fat May be influenced by the diet fee: (Harrington, 1958a) and/or the density 

of the "fat-frce" mass may change dut.! ta variations in bene/lean ratio since 

bene has a higher specific gravit y than muscle. (Standal, 1965). This ... ·as 

further substantiated hy Barkes ~: -4 .... , (1969) ~ho found that breed differ-

e~.ees necessi ta tcd tile devclopoent of separa te regression equat ions for eaeh 

breed. Within breeds, however, specifie gravit y ~as found to he a oore ac

eurate method of predicting i. lean tha~ linear oeasureoents. 
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Creatinine Excretion 

Increased interest in producing leaner meat, a reflection of 

current consumer preference, has 1ed to the development of methods for the 

prediction of 1ean tissue mass per se. 

Brody (1945) showed that urinary creatinine excretion was related 

to the 1ean tissue mass of the animal. In man it has been generally accepted 

that there is a re1atively constant dai1y excretion of creatinine which is 

affected slight1y, if at aIl, by diet, exercise or urinary volume. Also 

daily creatinine excretion by obese persons has been known to be low in re

lation to body weight, but normal when related to ideal weight. The creatinine 

coefficient is defined as the mil1igrams of creatinine per kilogram of body 

weight excreted dai1y. (West and Todd, 1962). 

Studies with beef cattle (Dinning et al., 1949; Lofgreen and 

Garnett, 1954; Wurtheir and Stratton, 1957) indicated that protein intake 

did not affect creatinine excretion. Neverthe1ess, rather 10w correlations 

were observed between separable 1ean tissue of the 9-10-1lth rib cut and 

creatinine coefficient (r = 0.67) and b100d serum creatinine levels (r = 0.55). 

Saff1e et al., (1958), found the creatinine coefficient to be nega

tive1y corre1ated with the amount of body fat in pi~s. The highest relation

ship was found to be between the creatinine coefficient and the lean area of 

the loin at the last r ib (r = 0.66). Correlat ions of si:nilar magnitude ,.;ere 

found between toe creatinine coefficient and backfat thickness. lean cuts, 

primaI cuts and cOClbined fat ..... ater and protein content of the ham. HO .... è'Jer. 

the live t'robe measure .. -as found to have a higher correlation with other 

measures of leanness than either urinary or blood serum creatinine. Hence. 

it .... as concluded that toe li .... e probe cethod ,.;as superior since lt ,.;as ::lore 

closel;.- rclatcd to otner ceasurcs of le.lnness :lnd furtherrnore ::leasures · ... ért: 

~uickcr and casier :0 ootain. 
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Electrolvtes 

Recentl:, ti1e body content 0 f elec tro lytes has been invest iga tcd 

for the purpose of predicting the lean bod:.: rnass of live animaIs. lhe body 

content of potassium (Remenchik e~ aZ., 1968; Kirton, 1964~,~) has received 

tOle most attention as it can be estimated by measurement of ti1e naturally occur

ing radioactive isotope (K
40

) '.dth gamma radiation d",tectors w!1ich are capable 

of measurin~ very low levels of radiGactivity (Anderson and Langham, 1961). 

Anderson (1959) stated "that the concentration of potassium in living cells is 

held constant by hemostatic mechanism and therefore a determination of potas-

sium content would be Equivalent to determination of cellulor ~aSs. Because 

tilere is no potassium in fat and very little in bone, the higher the propor-

tion of potassium in an ani:nal, or its carcass, the hi~her the proportion of 

muscle tissue. The amount of lean in pork harns has b",en succcssfu11y estimated 

from thcir K
40 

content (Ku1wich c't 1958; Kulwich .:. -zZ •• 1960a,b). It was 

found that net counts per minute of .:40 per ham was hi~hly associated Io:ith thc 

weight of separable Ican per ham (r 0.96). 

Kirton c:;::;.t., (1963a), Kirton (1963b) (1964a) and Lohman .J~ ":~., 

(1968) reviewed sorne of the errors and difficulties in th", use of potassium 

relationships for the prediction of leanness in farm animaIs. ln spite of the 

high cost of monit"rin~ equipment required, inaccuracies can occur in the mCil-

surement of the potassium as Io:ell as in the deterrninat ion of gross body composi-

tion of tne ani:nal. Since the accuracy 
" _ ,,40 . 

in tne ~CaSUrL':Dent ot r_ 15 propor-

tional to tÏle total nuobcr of counts (correctec for background). the lon~er 

the countin~ tir:le the grcater '..:ill be th", accuracy of the ;>ot;lSSllr.l estin."1tion. 

Fur-t~lermore. as total counts are a functio:1 .)f 5a::l;>le SiZé. the lar;;cr t:le 

sample (until self-absorption of the radioacti·.;it:: :JecOQes .'1 ;>rcnlc:::.) th(: ::lore 

accurate the pota5siUQ estimation. 
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ln addition. biological variability is a lir.1iting ractor in 

relating potassiu:n and 50dium content ta bociy composition. Gillet 

(1965) observed vari3tions as high as 34.7? in the potassium content per 

kilogram of muscle when they compared individual muscles from toe sam .... 

animal. .'luscles from Hampshire pigs contained more potassium and less 

sodium per unit weight than did muscles from Yorkshire pigs. Variation in 

the pota~sium content of different breeds and in different muscles indic~tèd 

tl13t the potassium ta muscle ratio was not constant. and ilence \]as a major 

source of error in the estimation of body composition. Further conf irm.'l t ion 

40 
of the inaccuracy of K measurements in predicting body composition have 

been reported by Stant ,~t -:.:.i., (1968) ...... ho found that the relative proportions 

of the various tissues did not remain constant between 23 and 31 kg live 

",:e ight. ln addition. a higher proportion of the total potassium in th .... Clr-

cass ..... as found in the muscle with increasing ....... dgilt. (Stdnt '.:: -4 ...... , 19119). 

Doornenbal ,_':; '1.1.-., (1962a) cmployed chromium -51 '-'ith higil pree ision 

to determine ~ed cell volume as an index of "lean body massif in pigs. Cuth-

:"ertson :: ..... , (1963) Wère. however. unable tu denonstrate a close rclation-

ship between red celi mass and dissectable lean tissue in youn~ pigs. 

Dther 

Dther techniques ... ·hich have becn c::Iployèd to estimate composit iO:1 

in live pigs include X-ray; 1960; Kraybill ': .... • J 1954; 

Harrington. 1958a; Stouffer. 19(3); Steréo-photogra::mlétr:; (Pierson. 19')3; 

r-:irton. 1964a); anJ ;,iops:; core (Everitt and Carter 1961; Everitt. i'11)); 3r,!', 

1963; Livini<;stone ' 19(6) . The biops:: technir;ue ..... as d(.-:l)onstr"tcd 

tO Oc of practical value in dcvclot'Qental st:.Jdics. altnough 0:11: .. ;iOlir c.~rr .... -

lations ..... ith lcan content ..... ere obtained and thcre ..... as evidenc~ of adverse 

effects of the biopsy operation on the oldéI" ani;::a15. 



15 

more fundamentai ~·.::0'.,:1 edge of musc 1..: st ruc ture :;; required be fore accura tè 

predictions or bod:: c-J::1position frc::! biops;: ~ar:;~lt's can be obtained. 

Exper i::1enta1 resu1 ts to ...toite suggest tha t tnere is no cor:tplete1:; 

satisfactory method 0: estimating carcass C0r.:;K,,.;ition from live animal mea-

surements, but several mèthods appear to hav..: pro:nise. An i:1crease in the 

accuracy of predictions could come from r~~;nèm~nt of current techniques, from 

new method010gy, or Dy combining resu1ts ~. : ..• :0 or ::IOrè :::o.:tÏ1ods 'by th .... use 

of multiple regression. 

2.1.2 :·IF.THODS E.iPLOYEU 1:-; rHE ESTl:·~\Tro:-; OF CARCASS CO!'WOSITII):\ 

:,umerous techniques have been <..!mpl.Jyed as ind il"t.:s of carcass com-

pOSition since the trend tOlo.'ard consumer dcmand for 1eaner cuts of meat Oe-

gan. 

Linea r ·:e.lsurunt.'n t s --------

\'a1uE:!s obtained for various 1 in~;ir méasurC":r.t.!Dts of .carcasses h.îve 

been sho ... -n ta be affected b:: the method 0" ;:l"~"lsurement (Zobrisk:-' ~_., 1959b; 

Braude 19j7; Harrington 1962). In Janish 

progeny tests the "lcngth" of ."1 carcass .•.• ,.., ' .. ü:en on t;; chil1ed side wllÎ le 

lying on a cutt ing table, from the p<")st ... r i.r pci:1t "':- the atlas oone tu tile 

anter ior edge of the s:.-~· ': ... -' : -~: ~. ~ .. 1:1 (;rL:at Britain, the "lenl;tl/' of a 

carcass was taken from t:te junct ion of t:',· : i rst r iD and the ster:1um ta the 

anterior edge of the: .... -; ;: ... :'.~ : ',: .... The ::;easure::.ent was take:1 either en hot. 

coole:d or chilled carca~s(:s ha:lg~ng !r~ t~c hi:-;'; legs cithér oèforc or artér 

the head had bcc:1 rcr:l~':c·d . E:;ti::"~ltes of :::.c ~rL'cisio ... of ::l(:aSUre!:lèlH (Braude, 

• ~_ ..... _ .• 1957) sho .... cè tr.at le:1~th ::leasure:::cnts ta;':'é:: or. the han~in;; carcass 

fram the jU:1ction 0: the first r:'~ a:-.':: sternu= ::., t:--.<.; .- -- .; .... 

less susce?table to crrors than :::'è sa.:::t! ::.easurc:::e:Jt tar~cn 0:1 ,arcasses l:;l~>! 

on a table. 
. .. 

tn.a~ t;i.-lt = ro= t~-.(: 
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Atlas bone to the ;;'F'?,z~;:n,s ?:.t!:;-:.,. 

Regardless of the accuracy of the measurements themselves, they 

are only of importance when they enhance the prediction of carcass 1eanness. 

In general, 1inear measurements of length and depth have been shown to be of 

little value as an index of separable lean. 

1962; Bowman, et al., 1962b; Joblin, 1965). 

(Harrington, 1961; Harrington, 

Pomeroy (1965) rationalized that if linear measurements were to be 

of any value in carcass eva1uation they must be related to the proportions of 

the various tissues obtained by carcass dissection or at least to the propor

tion of primaI cuts. As stated b J" Pomeroy, (1965), "It is expecting too much 

of simple linear measurements to ask them to predict either the proportion 

of swine cuts or the proportion of lean meat in the carcass and little is to 

be gained by corre1ating an assortr.lent of measurements without dissection or 

cutting data. lt would be more sensible to combine linear measurements to 

give measurements of volume since percentages of 1ean meat and proportion of 

prime cuts are essentia1ly measures of volume." 

~easurements of backfat thickness, whether by caliper, ruler or 

probe techniques, should also be classified as linear measurements. According 

to Buck 02~ ~l., (1962), ca1iper backfat measurements have been used as indices 

of carcass composition since the beginning of this century. Correlations ob

tained between backfat measurecents and carcass fatness have been observed 

to vary \Oith the position of measure::!ent. (Hamoond, 1933; :ic!leekan, 1941; 

Harrington. 1958a; Buck -?: .:::., 1962; Bo" .. man .?!- .::Z., 1962a; Job1in, 1965) and 

bet\Oeen measureoent (~~rrington. 1958a; Bo-~n ~:; .::Z., 1962b; Job1in, 1965). 

Since the ~ho1e carcass is a comp1ex arrangeoent of bo~es, ~uscles and fat 

depots, Pomeroy (1965) suggested re1ating a given measurement to a li~itéd 

re~ion of the carcass in ..-hiC:l it occurred ratiler than to the "."hole carcass. 
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~everthe1ess, 1ea~eter measurements have been found to provide a good in

dication of carcass 1eanness (Bowman et al., 1962b), in spite of the dif-

ficu1ty in defining the points of insertion accurate1y. (Harrington, 1958a,b). 

According to Pomeroy (1965) most 1inear carcass measurements that 

can be taken accurate1y are main1y measurements of ske1eton and shou1d not 

be considered to be high1y re1ated to the composition of the entire carcass 

in terms of muscle, fat and bone. 

Cross-sec tiona1 Heasurements 

The use of cross-sectiona1 measurements as indices of muscle con

tent of the carcass have been studied extensive1y by severa1 workers. The 

most common cross-section eut has been through the loin in the region of the 

last rib to expose the U. ZongissVnus dopsi. Hanunond (1933) and :Idieekan 

(1941) found the loin region to be the 1atest developing region and for this 

reason it was considered to be the most desirab1e region for cross-sectiona1 

eva1uation of muscle and lean content. Cross-sectiona1 areas of g. Zc,::;:::;;L--c;J.:; 

dorai have been estimated by tracing on parchment paper (.~acKintosh, 1936), by 

multiplying the maximum width times maximum depth Olc~eekan, 1941, Harrington, 

1958a; Buck et ~Z., 1962), by photographie techniques (Stull. 1953; Schoonover 

et al., 1957; Corbin et al., 1959; Deans .~t ~l., 1959; Schrewsbury et al., 1961) 

and by u1trasonic methods (Stouffer et aL, 1961; Stouffer. 1961; Gilles . ..::' a~ •• 

1969; Anderson et :::::.. .• 1969; Stouffer ;:?;:; aZ., 1969; Jones et aZ., i970). 

In spite of the intensive investigations designed to devise a si~p1e 

and re1iab1e method to estimate "of. l0,:;::':;:~:'..-;~.~iar:;i area, the rc1ationship 

bet~~en the area of this muscle (loin eye area) and various component parts of 

the carcass has been re1atively poor (Aunan and Winters, 1949; Kline and Hazel, 

1955; Cole e: ::~ .• 1960). According to Bo~'C13n (1963). the traditional si?,nif i

canee that has been attacned to loin eye area has tenrled to mask an f:fféctivé 

appraisal of ~'aluation techniques. Frequentl: loin eye area has béén al~ost 
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regarded as a final criterion of merit, while in reality it is only an 

estimator of merit. bo~man (1963) ranked loin eye area as to its relia-

bility in predicting percentage lean nearly as low as visual appraisal of 

live swine. 

Conversely, Topel et a.l., (1965) found that M. Zongissim:<.J ,;,",:)]'.'i 

area at the last rib was almost as highly correlated with lean cut weight as 

was the weight of the muscle itself. The area of the eye muscle accounted 

for 40% of the variation in lean cut yield, while backfat thickness accounted 

for only 16%. Joblin (1965) concluded that eye muscle measurements werc not 

satisfactory as indices of percentage lean, but that a combinat ion of eye 

muscle area and fa t thickness appeared promising. 

Weight and Analysis of Sample Cuts 

The physica1 and chemical properties of a carcass may be estimated 

from the weight and composition of one or more cuts. Lusil (1926) was the 

first to examine the relationship between the composition of a single cut of 

beef and the whole carcass composition. :-lc~eekan (1941) se1ected the loin 

and le~ as sample joints for the estimation of pig carcass composition. The 

total weight of skeleton was highly correlated with the bone in the loin 

(r = +0.94) and with the bone in the leg (r = +0.90). Total muscle was found 

to be significantly corre1ated with muscles of the loin (r = +0.87) and with 

~uscles of the leg (r = +0.97). It was note\o,'orthy that loin muscles showed 

a low'er correlat ion \o'ith total muscle than did leg muscles. Seither leg nor 

loin alone showed ~xceptionally high correlations with the total weight of 

fat (r = +0.99 and +0.86 respectively). 

Aunan and Winters (1949) reported a correlation of +0.80 betwéen 

percentage ledn in the "loi:1" cut and percentage of separable lean in t:1C .... hole 

carcass. The cOCl?3rable correlation of percentage fat in thé loin · .. :th separa-



19 

ble fat in the whole carcass was +0.82. 

The ratio of the weight of certain predominantly fat cuts, ta the 

weight of certain predeminantIy Iean cuts has been observed ta vary with tiw 

fatness of the carcass. (Warner et al., 1934; Harrington, 1958a). Yields 

of fat cuts have been observed ta vary from 14.6 ta 37.1% of the entire chilled 

carcass \Oeight (Warner at a.l., 1934), while the percentage of fat in the "edi

ble" portion of the carcass as determined by chemical analysis varied from 

28 ta 68%. The correlation between the two was +0.91 and the standard error 

of estimate in the prediction of extractable fat in the carcass from the :.'ield 

of these cuts was about 3%. The ratio of the combined weight of cutting fat 

and belly ta the weight of harn plus loin varied frem 1.09 ta 0.60 and I~d a 

correlation of +0.92 with the percentage of extractable fat in the edible 

portion of the carcass. 

Extensive use has been made in North America ot the yield of lean 

cuts (ham, loin, butt and picnic ham) and prime cuts (lean cuts plus belly). 

(Jordan, et ~Z., 1956; Zobrisky et al., 1959a,b,c,d~ In some instances, Iean 

cut yield has been taken ta be nearly synonomous with total lean. For example, 

Zobrisky ct ."Il., (1959a) reported that there was very littie diffcrence bt:

tween the weight of loin, ham or shoulder as an index of Ieanness, which ... ·as 

actually the yield of the four Iean cuts. Correlations observed between loin. 

harn and shoulder and the four lean cuts were +0.74, +0.73 and +D.70 respect-

ively. However, Zobrisky ·3= :1Z., (1959b) concluded that the yield of fat 

cao be more accurately rneasured in the live pig or carcass tl~n the yield of 

the four Ican cuts. Zobrisky .;t:l:., (1959c) found dressing percentap,e to be 

significantly correlated with toe yield of carcass trim and leaf fat, and the 

yield of "miscellaneous" cuts (feet, ta il , kidneys, neck loins and jo'.·l 5). 
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The danger of placing too much emphasis on lean eut yield was in

dicated by Self et ::.::., (1957) who cautioned that there was no indication of 

composition or '1uality of lean cuts, nor was the effect of sex, weight and 

carcass grade and quality of cuts known. These shortcomings were substantiated 

by Barton et al., (1958) who found that there was a differential responsc 

evoked in the leg versus the loin of sheep in response to hormone implantation. 

As stated by Barton et ':ll., (1958) "If either joint ilad been used individua11:: 

as a sample of the whole then it is highly probable that a different picture 

wou~d have been presented for the effects of the treatment on the main tissues 

of the wilole carcass". ln addition. Harrington (1958a) reported that cutting 

errors are also a handicap to this system of carcass evaluation since stand

ardization of cutting methods was difficult to attain. Tne usefulness of 

chemical analysis of sample cuts in the predictio'l of entire carcass composi

tion has Deen further impaired by the problem of preparing homogeneous samp1es 

and moisture lasses during processing. 

Specifie Gravit y 

The differential density of the various components of a carcass and 

the fact that fat iias a much lower density than the "fat-free" portion of the 

carcass, has stimu1ated several investigators ta study density and/or specifie 

gravit y as a tool in the prediction of carcass composition (Bro ... -n .Jt '.li.. , 

1951; Whiteman -2: ~~., 1953; Pearson.:?:. ::::., 1956; Price .::. -::.Z., 1957; iiarrin h -

ton, 1958a; Buck .;:: ~:., 1962; Holme, 1963a; /-.dam 'C: ..... - . , 1964; Jobl1n, 1%5, 

Standal, 1965; Pearson 1968; Barkes 1969). 

It was found that fat or lean content of a carcass could ne ;lS ac

curately esticated by specifie gravit y as oy the percentage fat or lcar. cuts 

(Bro.-n .::-:: ::::., 1951) and was a more reliable indicator of :!Iuscle Cü!1tent or 

aetual ::Icatiness than the live probe or bacic.fat t:i!c;::l':ss {!>rice .. 
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Highly significant correlations were observed to exist between the specific 

gravities of hams, loins and shoulders and the specifie gravit y of the en-

tire carcass. (Whiteman et ~l., 1953; Pearson e: al., 1956; Priee r:: .....4 ...... , 

1957). In genera1, higher correlations were found bet~een specifie gravit y 

of hams and entire carcass specifie gravit y (Pearson -3:: ~Z., 1956; Pricè ,,: 

1957) than observed with other cuts. This tends to substantiate the claims of 

earlier workers (Hankins -2:: ~l., 1934; Hc~teekan, 1941; Hetzler c: ~"., 19:>0) 

\ .. ho reported that the proportions of t.he var ious tissues of the harn were in

dicative of the respective tissues in the entire carcass. Contrary ta this, 

Joblin (1965) established higher correlations between the specifie gravit y 

of the "rib-end" and percentage fat in the carcass. The inclusion of the wcight 

of "trotters" (feet) with specifie gravit y of the rib-end provided an accurate 

estimate of the percentage bone. 

Harrington (1958a) proposed that since the relation bet~een specifie 

gravit y and body fat percentage was hyperbolic, the reciprocal of specifie 

gravit y would yield higher correlations. Recent studies have not confin:Jed this 

(Holme, 1963a; Adam 02tlZ., 1964; and Standal, 1965), since an increase i:1 thl" 

accuracy of pred ic t ion of carcass compos i t ion "-"aS not observed \.lhcn spec if ie 

gr:lVity \.las replaced by it's reciprocal. 

According to Standal (1965) the specifie gravit y of the cornponcnts 

of the pig earcass are: fat = 0.952, muscle = 1.~64, and bone = 1.199. 5 inee 

the prediction of carcass composition is dependent on the fact that fat i-..as ;1 

rnuch lo .... er density than the fat-free portion of the carcass, an:; eha:1gé i:1 ttH: 

prop~rtion of muscle and bane could interfere ,-,ith the predictive accurac:; of 

specifie gravity. Buck (15162) rcport(.-d tnat lo,'idé fluctuations i:1 t:~(: 

::Iusele/bone ratio .·cre ooserved hctl."ec:1 pigs at a giver. level cf fat:-:f.:ss. ::1 

addition, the :::usclc/bone ratio sho.'cd syste::l-'ltic differencès Oèt",;è'.::1 :,!"(:e::s. 
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Adam 13: al., (1964) used the muscle/bone ratio in combination witil specifie 

gravit y in the estimation of percent lean, and found a 12-20% increase in the 

accuracy of prediction as compared to specifie gravit y alone. Standal (1965) 

used the weight of metatarsal bones in combination with specifie gravit y for 

the prediction of percent lean and obtained an increase of 15% in tne accuracy 

of prediction. lt appears, therefore, that the influence of percent bone, as 

suggested by Buck et al., (1962) was correctly regarded as a source of error 

limiting the value of specifie gravit y as a means of predicting carcass com

position. Furthermore, the variation in muscle/bone would likely account for 

a large part of the observed differences in specifie gravit y between breeds re

ported by Barkes et al., (1969). 

2.1.3. WHOLE CARCASS ANALYSlS 

The analysis of the whole animal body provides the fundamental oasis 

for the evaluation of all techniques used to "est imate" body composition. 

Chemical Analysis 

Lawes and Gilbert, as cited by Harrington (1958a), first used the 

method of chemical analysis in 1859. Their technique involved weighing, samp

ling and analysing each organ separately. The chemical analysis involved the 

estimation of the amount of water, fat, protein, and ash. The fat was removed 

from the tissues partly by melting, partlv by squeezing out, and partly by 

ether extraction from the remaining "crude dry substance". Samples were then 

taken from the crude dry substance for the estimation of nitroge~ (by burning 

""·ith soda-lime) and ash (by incineration). 

This clarifies the statement by !iorris 2: ~;... • t (1963), "A1though 

a method of body analysis has been available for 100 years, it 15 not surpris

iog that there has been a lack of interest in i ts use." 
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Murray (1922) examined Lawes and Gilbert' s data and confirmed their 

general thesis that the chemical composition of animaIs was determined when 

the percentage fat was known. As stated by ~furray, "The compositiun of the 

non-fatty matter is practically the same in aIl, It is not affected by the 

condition (fatness), and it varies on1y to a slight extent with the age of 

animal s." 

Harrington (1958a) reviewed several chemical investigations of growth 

and development of pigs. but found comparisons between results difficult due to 

variations in techniques. 

The technique described by Horris et al .• (1963) in which the animal 

body is reduced to a single samp1e was much less labourious than those described 

by previous workers (Murray, 1922. Call0w. 1947; Harrington 1958a). Morris ~~ 

27, •• (1963) d iscarded tile contents of the gastro-intestinal trac t and d iSSéC téd 

the carcass prior to freezing it into blocks, which were subsequently mincéd, 

mixed and sampled for chemical analysis. 

Samp1ing may be an important source of error. since homogeneity ma;: 

be difficu1t to achieve, (Harrington, 1958a). Furthermore, the estimation of 

water content is difficult because the tissues constantly lose water by évapora

tion during processing. The percentage loss has been found to be direct1y re-

1ated ta the water content, (Harrington, 1958a). However, ~·Iorris (1963) re

ported on1y li: 10ss with the bovine and less than 1.5% 1.lith the ovine. 

Chemical analysis has also suffered criticis.:l in th.at changes in 

composition could not be related to changes in conformation unless ana1ysis 

t..-as done on smal1 sub-units of the carcass, (Bray, 1963). 

In spite of the handicaps, che:':lica1 ana1ysis has been uSéd in se:'/(:ral 

recent studies .... ith s .... ine (Hill oÔ:- :;: '. 1962; Osinka, 1962; Henry ,_: ~:., Ilji)) 

Brooks .:: .;:., 1964a,b; Kauffman .;: :;: .• 1964; Wood ,;:: .:.::., 1965) · .. ith var:"~:1;;; 
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degrees of success. 

Anatomical Dissection 

The moSt direct method of determining the composition of the evis

cerated carcass is to dissect it completely into its various anatomical com

ponents. As concluded by Callow (1962), "In studies of meat quality, and of 

the effect of breed and plane of nutrition on meat quality (including carcass 

conformation) it will De necessary to dissect the whole side or carcass joint 

by joint, tissue by tissue and muscle by muscle. There are no adequate short-

cuts." 

Lawes et al.~ (as cited by Harrington, 1958a) used tilis method in 

their investigations reported in 1859. Hammond (1933) considered that their 

technique was not sufficiently accurate to study the relative rates of devel

opment of various parts of the body and introduced the concept of "anatomical 

joints". According to this system the carcass was divided into wel1-defined 

anatomical sections, the position for the subdivision of each joint being fixed 

by particular skeletal points. The procedure employed for jointing and dis

section of the pig carcass has been described in detail by ~c~eekan (1940a), 

and was later used by Pomeroy (1941). Similar methods were used with sheep !>y 

Wallace (1948) and Palsson e: aZ.~ (1952). This dissection method provided use

fui information on the general pattern of growth in the sheep and pig, but it 

could not'yield data concerning the proportions of individual muscles, boncs 

and fat deposits. 

Cutbertson t.~ ::L. 0962a,b) further studied growth and develop:rlent 

on the pig utilizing a technique similar to that described for sheep (Bassett, 

1960; Faurie, 1962), and for cattle (Walker, 1961). The carcass was disscctcd 

on a strictl: anatOQical basis into its individual boncs, muscles and oajor fat 

deposits. ~'luscles and oones .... cre removed, identified and classified .1ccord:'n~ 

ta tilC nOtlenclaturc of Sissan and GraSs:::lan (1960). Throughout t:1(: disscctiO:1 
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the carcasses were covered with damp towels to minimize any moisture 1055. 
i 
J. The use of this method for the study of growth and development pro-

vided fundamental knowledge of proportional anatomical composition in terms of 

individual bone3, wuscles and fat deposits. Furthermore, it provided a method 

for the comprehen~ive study of differences in rate, order and extent of develop-

ment of particular parts and tissues which are responsible for variation in 

form, in anatomical and chemical composition, and in conformation of animaIs of 

different weights, sex or breed. 

2.2 FACTORS AFFECTING PROPORTIONAL COMPOSITION IN THE PI~ 

Plane of Nutrition 

The "level" or "plane" of feeding has been defined (Lucas '=-'~ (li. ~ 

1956), as the amount of total digestible nutrients fed to a pig of a given 

weight. The classical studies by ~cMeekan (l940b,c) dr~~atically demonstrated 

the influence of restricted feeding on the proportional composition of the 

pig carcass. The experimental procedure produced marked differences in the 

shape of the growth curve, through quantitative control of the plane of nutri-

tion from birth. Results indicated that in animaIs which were under-nourished 

up to 16 weeks, the early developing parts (head, ears, neck and legs) wcre 

~enalized relatively less by inadequate nutrition than the later developing 

parts (body depth, loin and ilind quarters). In contrast, the high plane of 

nutrition favoured the later developing parts most. The effect of the plane 

of nutrition on the proportions of bone, muscle and fat in the carcass is empha-

sized in the following Table taken from Mèfeekan (l940c). 
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EFFECT OF PLA~E OF ~UTRITION O~ PROPORTIOXS OF BO~E, ~ruSCLE A~~ FAT I~ CARCASS 

Ratio 

'fuscle/bone 

Fat/bone 

Fat/muscle 

High-High 

3.67 

3.48 

0.95 

High-Low 

3.99 

2.97 

0.74 

Lo\.:-High 

3.76 

:. .56 

1. 21 

3.96 

2.22 

0.51 

The treatment which yielded the fattest pigs (low-high) showed a 

76% grt!ater quantity of subcutaneous fat than the treatment .... hich ::ieldcd ti)!: 

1eanest pigs (low-lo .... ). It was concluded that variations in gro .... th rate sig-

nificantly affectt!d carcass composition, and tnat a reduction in grù\.:th rate. 

during the period when pillS were depositinb the most body fat, decreased the 

fat deposition in the carcass. The most desirable treatment .... as consid<.'red to 

be a high plane of nutrition up to 16 weeks followed by a 10w plane tll 200 lbs. 

Several other workers have domonstrated that restricted feeding slm ... eJ 

down the rate of gro\.;th and improved grading results (Crampton, ':: ~:., 195:'; 

Lucas ,?~ -zl., 1956; Bradley, 1964; Lloyd. 1964), while other experiments have 

failed to show the same beneficial effect (Geurin. 1963; 1964). In this r<:'"5-

peet it is note .... orthy that in ~e~eekan's experiments. the pigs .... ere fcd to 

folIo .... extreme1y different gro .... th curves. and that tlle pigs .... hich i1ad thcir 

feed restricted fror.! 100 to 200 lbs 1 ive ;.'cight (HL group) too:':' an avera>;<: <Jf 

':'6 days 10n~er to reach bacon .... eight than t:lOse ... hich '_'cre fed ta at>t>etilé (lm 

group) . 

Ha=ond (1961) stated that the tissue grmdng ::lost rat>idlo: at lil<: 

ti::le ... as the one .... hieh suffered the mest as a résu1t of lo ... ..,ring the levél c: 

nutritic:1. Anv lo .... ering of the level of nutritio:-. at the lo·.'er "'cights .... oald 

severel:. restrict :I1uscle gro;.·th. The ex~rc::e di::ere:lces i:-, develo;:o:::;entai 
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patterns found to be characteristic of different breeds of pigs led Hammond 

(1961) to state, "In no breed or type of pig should the nutrition of the pig 

be lowered before the crossing over point of muscle and fat (i.e. fat deposi-

tion exceeds lean growth) for that breed or type. On the other hand after the 

crossover point for the particular breed or type a lowering of the level of 

nutrition gives an effective means of checking the deposition of fat without 

a ffec ting the growth of muscle." 

The theory proposed to explain the interplay between nutrition and 

the development of (lifferent organs and tissues of the body r.as been called, 

"the partition of nutrients according to metabolic rate. Il This theory is il-

lustrated schematically in the following figure as presented by P3lsson (1955). 

brain and 

placenta and 
foetus 
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The number of arrows denotes the metabclic rate of the particular 

tissue. When nutritive suppl) is plentiful all tissues of the growing animal, 

and/or of a pregnant female, reccivé ~ufficient nutrition for maintenance as 

weIl as for normal groy,·th. i-.'hen the suppl:; of nutrients in the blood stream 

is limited one arrow is deducted from eacn tissue and growth cf fat is halted, 

whereas growth Of other earlier maturing tissues continue but at a slower rate. 

By further reducing the nutritive suppl~ the direction 0f the arrow for fat is 

reversed and another arrow is deducted [rO!!l eaeh tissue, thus illustrating how 

tissues such as brain, bone and fetus continue to gro\.: while muscle gro ... ·th 

ceases and fat is lost to suppl;: the animal \o.·ith energy. At still lower levcls 

of nutrition, bone growth ceases and bath muscle and fat are broken doy,~ for 

maintenance. 

Joubert (1956) cautioned that it is cssential not to restrict nutri-

tion belo\,; the maintenance level at an:. time. Pomero:; (941) found that il sub-

maintenance ration fed ta pigs weighing 328 lbs. on average caused a considerable 

decrease in muscle. However, fat ... ·as lost at an even grt~.Jter rate, \.:hich in-

dicated that the tissues were reduced in re'versc to tho.:ir order of development. 

Crampton ·3:' ::Z., (1954) found thal quality of the bacon carcass co.Ilt! 

be i::lproved by "diluting" relativel;: highly digestible rations ... ith fibrous fe"ds 

during the finishing period. Carc:ass ir:lprt'vo.:::!t.:r.:: • .... as acco:npanied by a decrease 

in rate of gain and an increase in length of feeding period. Geurin (1963; 19~4) 

aftcr an exten!';i·.·c li~erature revie'~' statt .. d. "There is essentially unaninous 

agree:ne:H of ex?eri::lental results sho ... ·i:1g that increased fi:,er level in the ration 

improves carcass grade of ::la!';':ct :1OgS. Extra fiocr or che::lically inert ::laterial 

in the ration reduced the ~ro~th rate a~~ carcass fat~ess. but i~creased :he 

. . .. 
!O·_Oé:'"èC ::-~. ~.: ;.~.~ 
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f iber rat ions and it was found that the increase in value due to the higher 

grade was not enough to overcome the lowered sale value due to the lowered 

dressing percentage. In summary. Geurin (1963) stated. "Adding large amounts 

of fiber to the finishing ration creates a cruel mirage so fascinating that one 

walks unaware into the pit of poverty." 

It is also apparent that physical restriction of the ration (limit 

feeding) is not the answer. As stated by Lloyd (1964). "Invariably rate of 

gain is de:creased and time ta market is increased. improvement in feed cff ie icncy 

may or may not be found. and carcass characteristics in terms of fat reduction 

are usually improved. although soft carcasses have been noted. Obv iousl y, 

limited feeding 15 not the final answer for the most efficient production of 

hogs of high market quality." 

It appears that. although limit feeding and/or diluents improve car

cass composition. (Bowland et :lÎ .• 1959; Geurin. 1963; 1964; Lloyd, 1964; Bow

land 1970) hope for future improvement in carcass quality is i~ breeding animaIs 

that will yield carcasses with a higher percentage of muscle and a minimum of 

fa t when f ed to ga in a t tneir max imum. 

:-ru tr ient Interre la t ionships 

The research revielo.·ed by Geurin (1963; 1964) sbowed that a lack of 

protein quantity or quality resulted not only in slow inefficient growth but 

also ?oor carcasses. Furthermore, rations moderate:ly lo\-: in "rotein quantity 

or quality, or tne addition of fat whicn reduced the protein-energy ratio. 

caused significant differences to show up in the carcass of the r~g. (Ashton 

--; ............ " 1955; Bowla~d . .:_ .::.:.. .• 1959; Clark 1961; Clawson '._ ." .• 1961; 

Geurin, 1963; So'.·land, 19ïO). Increasing th~ productive ener~y levcl brought 

about changes in the carcass .nicn included hi~her dressing ;>crccntagc, ~ore 

backfat production, less le.an cuts, lo· ... cr lean/fat ratios and increased iotro3-
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Inereasing the quantity of pro-

tein from 13-25% resulted in a signifieant èeerease in backfat, inereased lean 

cuts, and decreased inteI""luseular fat (Clark -9:: 'Il., 1961). Gillet -?:: a.l., 

(1962) reported that dietary protein levels of 18-25% in starter and grower 

periods (low-low) as eompared to 29-25% (hi~h-high) had no bearing upon careass 

composition. However, the pigs maintained on low protein level (12%) during 

the finishing phase had si~nificantly fatt~r carcasses. Conversely, hi~h protein 

(21%) fed during the finishing phase produced 0.89 :lnci 1. 28:7' more trimmed and 

skinned harn and 0.98% more trL~ed loin than the low protein ration. The high 

protein ration fed durin~ the finishing period resulted in significantly heavier 

(P<.OS). ~evertheless, several workers have shown that hi~her than normal protein 

levels did not result in any further improvement of careass composition or grade 

(Beacom, 1959; Clawson et ·-::;,l., 1961; Geurin, 1961), whieh indicated that a com

plete well-balanced ration was important and that extra dietary protein did not 

make a better ration. 

Protein quality (amino acid ma~e-up) is also i~~ortant. According to 

Clausen (1965), "The protein requirements 0: growing meat-type pigs must be de

fined as the quantities of the essential a~ino acids, and the quantitative r~tio 

of these amino acids to one another, which ensure maxL~um lean meat formation in 

pigs. 

If full lean meat formation is te be achieved it ... ·as claimed that the 

total ration :nu!>t not only contain the necessary <,;uantities of amino acids i:1 the 

correct pro?ortion to one anottler, :'ut ::rust contai:: vitaoins of the !S-L~plex in 

sufficient r,uantities to enable the p:~ to transfo~ the œoino acids into lé~n 

-:eat. L':sine or l:--sine plus :::etnioni:1e, ~Ï\'en alone cr in c01:loination ·.dtr. 

.... :t<\:::ins 0: the 3-cCf"'!?lex, to rations ée:icient in these a:4i:1o acids haVé bé(:~ 
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sho~~ to result in the sa~e lean meat content in the cross section at the last 

rib as obtained bv feeding skiM milk as a protein supplement (Clausen. 1965). 

'1ethionine and lvsine suppleMentation has also been sho~~ to imnrove gains. 

feed conversion. nitro~en balance. loin eye Muscle area and total yield of Ican 

muscle (Ostro\1ski. 1969). Such supplementation has not. however. been abl~ to 

reduce the total area of fat in the cross section of the last rib, (Clausen. 

1965). It was reasoned that the supplements imDroved the utilization of thL' 

total ration. The foilowing three basic laws ~overnin~ Iean and fat formation 

in the pi~ \'ere presented by Clausen (1965): 

"1. ~o nig can form lean meat op to the limit determined b:-' .lts 

heredity unl~ss its diet contains sufficient quantities of protein 

of high biological value. 

2. ~;o pig can be forced. b': means of ex~raordinary high levels of 

protein in its diet. to produce more l~an rueat than permitted b~ 

its hered i ty. 

3. Wnen the pig's daily requirements for maintenance and lean me~t 

production have been covered. the l'est of the ration must inevit-

ably be used for the formation of fat, or. in other words. the 

more food the pig getR pel' dav (i.e .• the nore calories the dailv 

ration cantains). the fatter it beco::tes." 

Antibiotics -------

The beneficial ef~ects of antibiotics on ~rowth rate and fcecl e~firie~c~ 

i~ s· ... ine have been ~ .. idel:: de!':".Onstrateè (Catron. 19.!.9; 30.·land.: 1951 ; 

Harrin~ton ,-: 1955; Ashton -:- .......... , 1955; Clausen, 1956: Eraude. 19,5; 

Beacoo, 1959; Barber i 961): Gorri Il . ., 1960; Llo':d 196 l ' 

Squibb, 1961, Brauce - -- _. , 1962; Bea.':les. 1965; ·';elch. 196,). Ho·_·e"t:~r. so~c 

experi=ents ha ... ~ inèicated chat the feeding of anti:;iotics t0 s~ine res~dt.:r: i:-, 



32 

fatter, less desirable carcasses, (Bo\ol13OO ;-: _~"., 1951; Clausen, 1956; Beacom, 

1959; Braude q:: :;:"., 1962), .... ·hile other · ... orkers found no deleterious effects 

(Harri:1gto:1 e::~:., 1~55; Clausen, 1956; 3arber .. : .:.::., 1960). 

Hanson .:::: -1:., (1955) and Clausen (1956) explained that antibiotics 

teOOed ta increase the appetite, and that the response ta antibiotics was less 

in terms of feed efficiency than in terr::s of gro.,.·th. This they explaincd was 

because the increased appetite, under.:.:. :.:~ fet::ding conditions resulted in 

higher feed consumption and greater deposition of fat. '~lausen (1956) found that 

the feeding of antibiotics to pigs fed a restricted diet had no effect on thick-

ness of backfat, thickness of streak, weight of leaf fat, number of scores for 

amount of lean t:lea t in the carcass, a nd on the grad ing of pigs ac cord ing to thic k

ness of backfat. 

Hormones 

The oral administration of diethylstilbestrol and related honnont: ::J;i

terials ta feeder cattle and lambs :.as generally resultt:d in faster and more ec

ono::Jical gair:s and in leaner carcasses. SiIr.i1ar studies .. ·itr, pigs indicate fe ... ·• 

if any, beneficial effects. (Beeson . .:;: ..... ... , 1955; Taylor·:- ~z.. 1955; Se"'ell 

" ..... -" ......... , 195ï; Tribb1e "': ~:., 1958; Tnr.:l"her -,:: -:: .• 1959; Hale .;:. :;:Z., 1960). 

Likewi~e. the subcutaneous implantation or stilbestrol either as a single dose 

(Denniso:1 ~: ~- •• 1951; He i toa n " ...... , 195ï; wrrill '0:' .4 ..... , 1964) or as more 

tnan O:1e dose (~oehling 1951; P "a r 50 n '- - ........ 't 1952) showed no significant 

effects 00 ratE: or ecoov.=l:-' of gains, cr carcass <;uality of eithcr barro· ... s or 

gilts. Jetri=ental side effects s:.;c:; as o.a::mary gland and reproductive organ 

developc:ent and increased s.::xual behavior ... :ere f:-er;uentl;; encountered. 

trast. Cahill 

the a:::.,:)..,;::t ~: st:l:;cstrol i=;->la:-:tc..! a:-:è bctr. ~iZé 0: <:::<; :rusclé and pf.:I"ct:nt pri-
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had a marked beneficial effect on feed efficiency, on area of loin and on 

R.O.P. score when they w~re fed an undiluted ration with added protein. 

On the diluted ration with no added protein, implantation of barrows doubled 

the percentage of A grade carcasses. Implantation of barrows fed a diluted 

ration witn added protein improved rate of gain, feed efficiency and carcass 

quality. Hormone i~plantation of gilts was not found to be beneficial. 

Beeson et ~l., (1955) found that ~arcasses from testosterone fed 

pigs ~ontained heavier lean cuts (harns, loins, picnics and Boston butts) and 

lighter fat cuts (backfat, bellies and jowls). Chemical analysis showcd that 

the pigs which had reccived testosterone were 5% leaner and had about 5% less 

fat than the controls. Carcasses from stilbestrol fed pigs were about inter

mediate in fat content between control animaIs and testosterone fcd animaIs. 

Perry et az.., (1955) found that carcasses from hOEs fed 27 mg or more of mcthvl

testosterone per day contained significantly less fat thall carcasses from hogs 

fed no hormone (from 4% to 14% lighter bellies; from 11% to 15% 1ïghter fat 

backs; 11% to 15% 1ighter jow1s; and from 11% ta 14% less backfat). A daily 

intake of methy1testosterone higher than 27 mg resu1ted in some additional car

cass a1terations toward a 1eaner carcass, but this cilange was far greater be

tween intakes of 0 and 27 mg per day than between 27 and 62 mg per day. 

Sex 

Although Fitzherbert in 1534, (cited by Blair e:. a,Î,., 1965) advo

cated the superiority of entire males (baars) for pork production, the use 

of castrates has continucd to the present day. Within the past 30 years 

several experiments have been carried out to test the effect of castratioll 

on mcat production of pigs-(Ha::cond e:; ,:;:., 1937; i.'inters e:; -:::Z., 1942; C'1hill 

"- - ......... 1 1959; CahU1 "': :;:., 1960; Cah i 11 i::; --~:., 1961; Charette, 1961 ; 



t 

34 

Zobrisky et ~Z., 1961; Prescott et ~Z., 1964; Blair, 1965; Prescott et ~Z., 

1967). Results have indicated that uncastrated males grow faster, utilize feed 

more efficiently and are leaner than castrated males. For example, Blair et 2Z., 

(1965) observed that daily gains were 8.3% higher (P<.OOl), daily feed intake 

3.7% 10wer (P<.OS) and feed-conversion efficiency Il.3% higher (P<.OOl) in entire 

males than in castrated males. The faster growth of the entire males was ref1ect

ed in a significant reduction (P<.OS) in days-to-slaughter of 7.2. Furthermore, 

maximum backfat thicknesses were 11% less, minimum backfat thickness 15.5% less, 

loin backfat thickness 23.3% less, and the cross sectional area of M. Zongissi-

,'7T.A.S dorsi 14.3% 1arger in the entire males, than in castrates. Density of sicles 

was also greater in the entire males (indicating 1ess fat), while no significant 

differences were noted in the proportional weight of the fore-cuts (anterior to 

1ast rib), 1ength or dressing percentage. 

In contrast, Prescott et aZ., (1964) reported that boars were found 

to have a greater development of fore-end (head and shoulder) and less middle 

(including loin) than castrated counterparts. In addition, other workers, have 

presented data, based on carcass measurements and dissection, which indicated 

boar carcasses tended to contain a higher percentage of bone. (Hammond et r;. Z. , 

1937; Zobrisky et al., 1961; Cahill et al., 1961; Charette, 1961). 

In comparing entire males with fema1es, Blair et al., (1965) found 

dressing percentages 1.2% less, maximum backfats 2.87. 1ess, loin backfat 13.17. 

less, and weight of fore-cuts 1.67. less in the entire males. Density of sides 

was also greater in the entire males. There were no differences i~ 1engths, 

min ioum backf at, a rea!i 0 f X. 7.0':-;:· c:ri .. -:!.4JJ ;iQ rûi or in back fat th i ckness over the 

eye muscle. Similar results have ce en reported by other Io'orkers, (Charette, 

1961; Zobrisky .::-: ~:., 1961). . -~ 
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The comparison of castrated males with females by Blair e: ,,",? ! 
..4 ...... t (1965 ) 

showed that loin backfats were 8.5% less, fat thickness over the "i. :o;:::·,~.s<-,>;"",; 

.wr>::i 17.3% less, the proportionate weight of fore-cuts 1.5% less and are3 of 

.'r/. longisciT'/U.3:::or>si 15.2% larger in females. Density of sides was also greater 

in the females. No significant differences were noted for dressing percentage, 

length or maximum or minimum backfat. These results are similar to those of 

other workers (Lucas et; al., 1956; Bowland et.. al., 1959; Charette, 1961; Buck 

et éJ.l., 1962). 

Blair et ~l., (1965) suggest that delayed castration (castration de-

layed until near slaughter weight) or castration by the Russian method outl ined 

by Baiburtcjan in 1960 should be considered as ways of. prevent ing over-fa tness 

in castrated males. 

Prescott et al., (1964) concluded that the use of boars W;lS likely to 

pose few problems for the light pork trade and \oIOuld havt:: advantages in the 

more efficient production of lean meat. However, it was further stated, "The 

heavier the boar, the greater the advantage over the hog with respect to cconomy 

of production and leanness but the greater the development of the fore-end and 

the risk of taint." 

Breed 

During the progress of evolution under domestication, Paisson (1955) 

related that the different species have undergone vast changés in body propor-

tions and conformation. The "im;>roved breeds" have reached proportionally ;) 

much more advanced stage of development of the late maturing parts and tissues 

of the body than the wild ancestral species. ~c."fcek.an (1959) pointed out that 

proportional chan~es in growth of the pig were responsible for the différences 

betlo'cen "porit" and "bacon" type. In the "pork" type, bré(.-ds slJch as Bcrkship-, 

and ~iddle ~nite go through gr01 .. ·th changes rapialy and at IOn lus l i"Je-· ... cight 
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have the same conformation and body structure (bone, muscle and fat proportions) 

which the bacon types such as Tamworth and Large White (Yorkshire) only reach 

at 200 lbs. live-weight. As stated by !-lc!-1eekan, "rf park-type pigs are carried 

ta bacon weight, the extra growth .is mainly of late-developing fat-tissue and 

the carcass is tao short, tao deep, and tao fat for the consumer. Similarily, 

if the bacon type is killed at park weight, it is unfinished with tao much waste

fuI leg, under-developed loin and hams, and insuff ic ient fa t. " 

~inor differences also exist between breeds of the same type as in

dicated by Roache (1964) who found the purebred Landrace had a slightly higher 

percentage ham and a lower percentage shoulder as compared ta purebred Yorkshire. 

Buck et a.l., (1962) found that shoulder backfat thickness was significantly 

thicker in Large Whites than Landrace (the differences being about 6% of the 

mean). while maximum loin fat thickness was greater in the Landrace than the 

Large White (5% of the mean). Carcass grading based on ~houlder and minimum 

loin backfat and sex tended ta upgrade tao many Landrace pigs and do~~grade tao 

many Large Whites, for at constant shoulder and minimum loin fat, the Large White 

pigs had some 1. 73% more of its side weight as lean meat. 

Noffsinger et éZl., (1959) studied the Yorkshire, two !ines of Chester 

White and the cross between lines of Chester White and found thcre were highly 

significant differences in average backfat between lines (P<.Ol). The Yorkshire 

a t aIl loOe ights had signif icantly less backfa t than any of the other 1 ines. At 

100 lbs, backfat measurements of the pigs fran the Chester White cross wer(: in

termediate betloOeen the two parent lines IoOhile at 200 lbs. the backfat of the 

crosses loOere no greater than that of the thinnest line. 
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Age and Weig~t 

Growth and development, wit~ age and weight increases involve marked 

proportional composition changes. According to ~fC:-feekan (1940a, 1959) and 

Palsson (1955), at birth the head is relatively large. legs long and body small. 

while in the mature animal the head is small, legs relatively short and oody 

large. Thus the conformation of the animal completely changes from what it was 

at birth. Such changes are the result of various tissues and parts of the body 

growing at different rates. Growth of the main body tissues (bone, muscle and 

fat) is relatively greater than growth of organs so that the dressing percent

age (the proportion of carcass to total live weight) increases witll age. 

Of greatest importance to the meat producer is the differential rate 

of growth of the three major tissues, (bone, muscle and fat), and the consequent 

changes in proportional composition of the carcass. It has been shown that 

t>one completes the greatest proportion of its growth ear11er in life than either 

muscle or fat while fat makes the greatest proportion of its growth later in 

life. (!1c~·leekan, 1940a). This has been substantiated in sneep bl' Wallace (1948). 

Palsson and Verges (1952) and Bassett (1960); in pigs by Pomerol' e~ ~Z., (1961). 

Cuthbertson e~ al .• (1962a,b); Cuthbertaon ct aL. (1963); and Pomerol' (1965). 

The fact that different intensities of growth exist between differént 

parts of t;Je skeleton was first demonstrated in the pig by :ic~leekan (1940a). 

Bl' plotting increases over birth ."eight of individual bones their relative in-

tensities of growth could be clearly seen. In respect to the bones of the head 

and vertebral colucn. it was found that tne skull and lower jaw both made a 

relatively smaller amount of growth after birth than did the vertebrae. The 

lower jaw increased its birth weight slightl)' more than the s~ull. As re~ards 

the vertebral column. a gro."th gradient " .. as notecl ".ith the lu::lbar and sacral 
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groups sho ... ·ing relativel;: greater grovith tha:1 t:-•• " cervical and thoracic. Con-

versely, pomeroy ..;:: ::< Z.. (1961) round the thor;.Jc L- vertebrae were considerably 

later developing than the lumbar vertebrae both at lï6.l and 212.5 days of age. 

:1c:1eekan (1940a) noted that the ribs and sternum followed the gro\.·th pattern 

of the thoracic vertebrae fairly closely. The lL"l1b bones were found to he re-

latively early developing with thelr rate of increase fallin~ between the skull, 

and neck and thorax. The pelvis showed the greatest pr,'pcrtional increase. 

Pomeroy ~:: (1961) and :1c~teek.an (1940a) c..,,,erved a · .... ell-defined 

centripetal gradient in rate and order of development of t:1e bones of the lL"l1bs. 

Proceeding up the limb, the rate of increase of the individual bones over their 

birth weight increases. 

The Cannon bones made a relativel:: smaller amount of gro ... ·th after 

birth than did the radius-ulna, and the latter a proportionally smaller amount 

than the scapula. Similar observations ' .. :ere made ,,-ith the cannons, tibia-fibula. 

and femur of the hindlimb. Cuthber tson .;- (1962b) found that in both the 

thoracic and pelvic limb the !:lore proximal benes grew t:!f>ter than the distal 

bones from 50-60 Kg carcass weight but froc 68-92 Kg carcass weight this was re-

versed. Furthermore. it \o.-as observed ti-...1t from 50-68 ~:g carcass \o.·eieilt '-here 

Io."as a fairl;: rapid gro\o,·th of len~th in the bones of the limbs. a rather less 

rapid growth in circumference and considcrably slower growth in densit;:. This 

Io."as taken as an indication that growth of the organic matrix proceeded more 

rapidly than ossification. Con,,·ersely. ~ct· .... een 68 and 92 :-':g carcass wcight. 

there was a te;lden.-::.- for thé len;t:l growth to 510· .... d~-n ·~·hile there ..... ·"s an io-

cre.3se i:1 circucference gro'R-th and considerablt:: l;lcreases in densit::. This 

:-!c~!ee;'-~.n (19~0a), P=ero:: .: ::., (961) and Cuthbértson ._:, 

fou.,,:! that as -.... it:-:. :'001'::, ::luscles .::>: one aré.a of the :,.cd:: gro'''- .3t a ciif-
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ferent rate from those in another area. In fact, growth of musculature fol-

lowed the same general trend as noted in respect ta adjacent bone groups. Tl~t 

is, there was a greater rate and anount of growth with age proceeding from fore 

to hind end of the body. Likewise, the muscles surrounding the scapula and 

humerus (shoulder muscles), showed a greater relative increase than those sur

rounding the radius-ulna (arm muscles). The latter grew more rapidly than those 

around the met:lcarpal bones (cannon). A similar centipetal growth gradient \.'as 

observed in the pelvic limb \.;ith the wave of grm!th moving anteriorally and eon

verging in the lumbar region Ck:'leekan, 1940a) and thorax region (Pomeroy c:. .. Z., 

1961) • 

Cuthbertson et ::.l.., (1963) found that at birth the proportion of 

museular tissue in the careass was about five times that of fatty tissue. Be

tween birth and 5 Kg live-weight the proportion of fat trebled and thereafter 

remained fairly constant '..Thile the proportions of bone and remainder fell mark

edly. ~uscle increased by only about 3~~ of carcass ... :eight from birth to 40 Kg 

live-weight. Cuthbertson e:: ':;i,., (1962b) found that at 50 and 68 Kg careass 

weight, the weight of muscle eonsiderably exeeeded tilat af other tissues, \o.'hUI:! 

at 92 Kg the '..:ei~ht of muscle exceeded that of fat by only a small amount. 1.1-

though eaeh pig ..... as killed at a fixed '..:eight, rather than a fixed age, the 

weight of muscle in pigs at eaeh stagl:! did not appear to be affeeted by age. 

When the data ..... ere plotted against the average eareass ·..:eight between 1 Kg 

(birth) and 50 Kg, 50 and 68 Kg, and 68 and 92 Kg, the cross-over of raté of 

gro ..... th for muscle and fat \o.'as found ta occur at about 48 Kg carcass ... eight. 

~c~teé~:an (19 .. 0a) round chat ?t:!rine?hric fat (around the kidney) and 

retropcritone4'l1 fat (bci"lind t!le peritonenium) ·..-ere thé latest devéloping dt:p, ___ ts 

· ... hile intcr.::uscular fat (bet ... ·een t:'e :::uscles) .as car lier develo?:ng, :'ut .. ct 

as earl:_- as S:l~cutaneous fat. Ca:r:ersel::, Po::!ero:: '_ ~_ .• (1361) fou;.d t:-.i: 
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arder of deve10pr:1ent of the main fat depots \,'a::; intermuscu1ar fat, f0110wed by 

subcutaneous fat with perinephric and retroperitonea1 1ast. The divergence be

tween these resu1ts with regard to the order of deve10p~ent of subcutaneous and 

intermuscu1,r fat was considered by pomeroy .~:. c1~'J (1961) to be due to inten

s ive se1ec t ion since ~·1c:leekan' s exper iments aga inst subcu taneous fat. which has 

resu1ted in a redistribution of fat between the t~u depots. 

Pomeray _ .~., (1961) found the ~l:bcutaneou"" fat in the midd1e region 

of the carcass latest developing fo110w .... d b:: tilc ham a~J tilen the shou1der. 

Similar findings \.;ere rcported by:1c:-leek:lO (1940a). As regards intermuscu1ar 

fat, regions, Pomeroy.:. .~i..., (1961) observed the thorax, abdomen, back and loin 

were the latest developing. fo1lowed by the tail, pelvic 1imb, thoracic 1imb 

and neck in thoît arder. 

Buck (1963a) compared the carcass quality and performance of litter-

mate pigs slaughtcrcd at 150, 200 and 260 lb! live weight. Comparison of 

dissection results indicated that there \o.'as 4;: more fat and skin in sides from 

200 lb as compared ta 150 lb Large ~'hites. The same ri ifference uas observed 

between 260 and 200 lb with the change being similar for bath seXèS a1though 

heavier hogs experienced a greater increase than the heavy gilts. These fat 

increases • .... ere accompanied by decreases of 3~ in lean and 1% in bone. The 

weights of the different cuts as a percentage of side wei~ht did not appear ta 

change ::luch bet"'èen slaughter • .... eight5. for all cuts and for bot:~ sexes, the 

percentage of lean ::leat aJJed i:-. thl.! ran:;e of 200-260 lbs live :.:eigilt · ... as less 

than that tc'r th ... ra:l~e 150-200 lbs l ive '~'e ight. This ci iff erence ·~·.îS =oore 

severe for hogs than for ~ilts espeeially in thé bac~: eut. Buck 0963b) observed 

and less bae~:fat. Careass eonfor":::.atic:1 score for 260 lb ;>igs nad;} ri:~il ~<:~ati' .. e 

association · ... ith average :'aci-:.~at and \. .. as :::o~sider~d to oe incii.::.::ti·.'<: t:-:...:: the 
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extreme amounts of fat on some hogs at this weight adversely affected the 

balance of the carcass. 

Hill (1962) studied the chemical composition of pigs slaughtered at 

124,206 and 256 lbs live weight. It was found that 53.7% of the carcass weight 

gain between 124 and 206 lbs live weight was chemical fat, while 60% of the 

carcass weight gain between 206 and 265 lbs. live weight was chemical fat. 

Varney et aZ-., (1962) found that in percent of total weight of in

dividual cuts, the heavy (215 lb live weight) Berkshire were higher in boneless 

ham and ham fat and skin while the light (159 lb live weight) hogs .. ere higher 

in boneless defatted ham, boneless defatted ham cushion and i~m bone. The light 

group was higher in sirloin and section of loin, while the heavier nogs l'ielded 

a higher percent of skinless smoked bacon and were superior in yields of sliced, 

first grade bacon. The light hogs were higher in percent lean and primaI cuts 

on live weight and carcass weight basis. This has recently been confirmed bl' 

Bradley (1964) who slaughtered gilts at 150, 175, 200 and 225 lbs live weight 

and found that separable lean production significantly favoured the light weight 

carcasses. Likewise. Brooks et; al., (l964b) in studies of boày composition and 

feed efficiency changes in swine of 50, 100, 150 and 200 lbs live weight found 

that the net result of develo~ental patterns was a continuous decline in car

cass yield of lean and pr imal cuts as siaughter weignt increased. The grca test 

change in development was the increased rate of fat deposition, which accounted 

for the entire change in carcass yield as the hogs grew larger. 



42 

Exerc ise 

The effect of exercise on proporticnal composition has been studied 

in rats, (Kimeldorf et a.l., 1954) guinea pigs, (Helander, 1961; Brozek, 1961), 

rabbits (Helander, 1961; Brozek, 1961) and swine (Skjervold e: a.l., 1963). 

Kimeldorf (1954), exercised rats by exhaustive swinming. Body weight 

1055 was extensive in that anilnals exercised 30 days weighed only 61% of con

troIs. The glu teus "ledeus muscle was signif icantl y smaller in exerc ised animal s 

on the 30th day of the experiment, but constituted a proportionately larç,er part 

of body weight as compared to controls. In the tra ined state, card iac hyper-

trophy and a relative increase in the size of muscles participating in the exer

cise, were observed. 

Guinea pigs maintained on a severe exercise regime for 8 months were 

found to be slightly lighter in weight than the unexercised controls (Brozek, 

1961). The specifie gravit y of the eviscerated carcass ",,·as substantially hi~her 

and total extractable fat was lower. Like""'ise, soldiers that participated in 

3 weeks of strenuous exercise underwent a smal1 decrement in weight. an increase 

in total body water, and a small increase in body density and basal oxygen eon-

sumption. (Brozek, 1961). 

Helander (1961) observed that in guinea pigs there was a slight ten

dency for muscle weight to increase with rising functional activity. Water con

tent was significantly lower in the exereised group, whereas total S of ... ·et 

muscle was higher in exercised animaIs. So differences between groups · ... ere ob

served in sa rcoplasm ie por tein, stroma protein and non-prote in-nit rogen. !io ... ·

ever, a higher content of myofilamental protein nitrogen ""as obscrved in the 

exerc ised gr ou p. 

Skjervold "_ :':~., (1963) studied the effeet of lon~ ter::l exereise on 

!:..., Guant1tv of muscle in pigs. The method of exercising ..-as te ;:.lace [eeci i~ 



a trough which was moved upwards as the animaIs grew. The height ~as adjustcd 

50 that the animaIs had to stand on the"ir hind legs to reach their feed. By 

this method the weight resting on the hind legs was increased by about 50:;. AI

though no significant difference in muscle development was ncted, there ~as a 

slight trend in favour of the exerc ised group for some charac ters assoc ia ted :d t h 

muscle development. It was suggested that possibly a more intensive exercise 

treatment, for instance feeding many times a day, may have resulted in largcr 

differences. Nevertheless, the exercise treatment did result in a si~nificant 

decrease in the Iength of sOlDe metatarsal and phalanx bones. 

2.3. CHARACTEP.ISTICS INFLUENCING EATING QUALITIES OF THE CARCASS 

Proportionai Composition 

According to Paisson (1955), the concept of ''meat quality" varies 

to seme extent between countries as weIl as between markets within a country. 

Among the numerous factors contributing to meat qua lit y, the one of universal 

importance is proportionai composition in terms of bone, musc le and fa t. As 

stated by Paisson, "The percentage of DlJscle shouid be high and that of bone 

low, and Just sufficient fat to prevent the meat from undue drying in stora~e. 

transit and cooking." 

A high proportion of subcutaneous to intermuscular fat has also been 

considered desirable (Palsson, 1955). Cuts having il high percentage of intL'r

muscular fat are in less demand and consequently :tre lower priced th.."1n those 

with a 10wer percentage of intermuscular fat (for example, loin, ham). Pnm .... r": .. 

(1958) related th..lt consumer preference studies sholo'ed that the Ï1ouse .... i:'I_' ::lai:)l:: 

wanted joints for grilling and r~asting. Such cuts are located in the ~i~d le~ 

and along the back .'here the ouscles are a~gregated into tnick block:; ~,aS5 .... ., ·.:i t;l 

a =iniouo of interspersed fat, 
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Oualitv of l.ean 

In addition to the quantity of lean relative to fat and bone, quality 

of lean is equally important. Pearson, as C"Juott·d by Cook (1963), defines quality 

as "that combination of physical, structural and chemical characteristics nf 

meat which results in maximum desirability frorn the standpoint of appearance and 

eatabil ity." 

Colour of lean and fat are important in relat j"n ta the appear •• nce of 

meal. Cook (1963) pointed out that it is ~~encl"311y ae'.:.'rt . .:J that the consumer 

has definite preconceived ideas as to the optimum colour of meat for cach spec ies 

of animal. Beef should be a bright ch(!rr~' red, lamh .:l purplish red, and pork a 

greyish pink. Any deviation fran these colours is con~idl.!red by the consumer ta 

be an indication of inferior quality. 

!-fost problems \dth meat colour stpms frorn handl in~ just prior to 

slaughter rather than \:ith animal management (Cook, l 'j63; Briske~' ... : ~Z., 1960a). 

Recent research has elucidated a close relationship between colour, pt! and qU.?lity. 

Howard (1963) explained that differences in quality of b:lcon from farrn and fa,

tory slaughtered pi~s were assoc ia tcd wi th d if ferences ill the ul t ima te pH of the 

muscle. Both the pH d iff erences and cor r.~:;p('nd in~ qua l i ty d ifferences (uptake 

of salt, ease of growth of spoilage or~anisrns) could be experirnentally brought 

about by subjecting the pigs to relativel~ ~ild transport stress corresponding 

to that between farm and fac tory. In the aerabie situation in the live animal, 

glyeogen is converted to lactic acid ·A'hicr. is then removed as CO
2 

'A'hile gl::cogen 

is regenerated fro:n glucose (Bate-S~ith, 19.'.8, as cited by Hararnond, 1961). 

ever, 1.'hen the systet!1 becomes anaerobic after slaughter, the lactie acid r~1':Iains 

• ... ithin the syste::l, regeneration;:Jf glyeoge=o ceases, and pp. f,l11s to a:ï extent 

dependent upon buffering capacit:: a:-.d on lactie acid produccd. Toc 5truRglin~ 

which soœet~es occurs during slaughte~ ~as s~~.~ to Oé res?onsible fer raiscd 
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ultimate pH. some glycogen being lost as CO
2 

before the system becomes anaero

bic. Severe exercise before slaughter reduces glycogen and also results in 

high ultimate pH (Briskey et a.l.. 1960a). High ultimate pH of mUSCle has been 

associated with shady. dark colour. In beef at pH of 5.6 or belo ...... the colol\r 

is normally bright. At pH of 5.7 the muscle became shady and dull while above 

pH of 6.5 the muscle became dark coloured. Wismer-Pederson and Br iskey (1961) 

observed a similar colour pH relat ionship in perk muscle. They al so sho\.'cd tha t 

perk muscle colour was associated with the rate of post~"ortem glycolysis. ante

mortem environmental temperature. and antemortem feeding practices. Briskey "": 

2/.. •• (1960a) found that high sucrose rations produced harns which were lightcr in 

colour and softer in structure than controls. while exercise decreased glycogen, 

increased pH, resulted in darker colour and decreased "expressible" water. 

Briskey e::' ::.l., (l960b) reported that wide ranges existed bet\o'een pork 

muscles in ultimate pH values. expre!;sible water percentôges and myoglobin con

centration. Muscles \dth the highest pH values showed the greatest rnyoglobin 

concentration and were darkest in colour. Myoglobin is reported to function in 

the maintenance of high oxygen tension between contractions when blood flaw is 

inadequate to sustain the high rate of oX;'gen utilization by the tissue. :!uscles 

... ith larger myoglobin concentrations are those which exhibit slow move:nents over 

a period of time. With regard to expressible ..... ater, Briskey ,~c -::.l., (19603) 

stated "It is understood that the exact amount of free and bound \o'ater cannot 

be determined in muscle. This is an accepted fact since there is no specifie 

dividing line bet ... een the t\o'o types of \.o-ater. In addition, the lack of k~o ... -

led~e of-:::eat protein cooponents and the ..... ater of h::dration of these cO::lponcnts 

under different circumstances. li:nits available ::lcasures to a relative: statlJs," 

Fot' thesc rcasons the relative free .-ater Io13S referred to as "expressible '_'ater". 

The isoelectric poi~t of oeat ... as reporteè to he about pH 5.0, and it ~'s ~(:(:n 
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shown that as the pH approaches the isoelectric point there is an increase in 

the amount of expressible "later. The reverse was observed for muscles .... ·ith a 

high ultimate pH. 

In an attempt to establish correlations bet"leen expressible \-later 

and meat quality, pressure techniques have been deve1oped. Urbin ,:t"1l., (962) 

used a modification of the filter paper press techniques of Wierbichi and 

Deatherage (1958) and Briskey et al., (1960a,b), in which a pressure of 500 lbs 

per square inch was applied for one minute with a motor driven lab press. 

Consumers, in genera1, tend to discriminate against soft, watery :neat 

(Cook, 1963). The cause of this soft, \latery condition in pork muscle has been 

extensive1y investigated by Briskey et al., (1961). It was found to be associ

ated with factors affecting ultimate pH, rate of glycolysis and post-mortem rate 

of carcass cooling. Furthermore, texture has been implicated in the quaI ity, 

colour, pH rela t ionship, since Wismer-Pederson et al., (1961) observed tha t pork 

muscle showing an open structure was usually dark in colour, had a high pH and 

was firm and dry. Conversely, muscle with a closed structure was light in 

colour, had a lower pH and tended to show soft watery characteristics. 

According to ~IcLaughlin (1968) " .. hen rigor mortis developés in muscle 

soon after death, and pH values at or below 6.0 are reached before tL'!lIper:ltur(' 

of the muscle bas fallen below 35°C, a marked reduction occurs in the solubil it',' 

of sarcoplasmic and r.lyofibrillar proteins. Such changes in the solubil it:: 0: 

the proteins have been associated '~'ith ?ale, soft, exudative post-ri~or r:luscle 

(Sayre " _ 4_.' 1963; Sayre '::. ::::., 1964; Berchert ' ~:., 1964 and 1965; Sa::re 

, _ '.~~., 1966). Although breed differences have been noted ir. the rate 0: ?<>st

:nortem glycol::sis, genetic background ap?<lrently does not influence tÎle extr.ïct:j

bilit:: of l:luscle proteins before differences in the rate of po5t~O:'"tt.'::l gl::cul::

sis induce chan~cs in protein solubilit:: (~:CLaughlin 1968). 
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Tenderness of cooked meat is a further quality trait important in 

f assuring consumer satisfaction. Hill (1961) reported that tenderness. texture. 

drip on freezing and thawing, and shrinkage on cooking were aIl related to the 

degree of hydration of muscle proteins. Water i5 reported to be attached to 

the protein in muscle by ionizable basic and acidic groups such as occur in ar-

ginine and methionine or by non-ionic groups such as occur in cystine. cysteinc. 

or serine. In addition to this electrostatically bound water. muscles contain 

physically absorbed water (free) held on the proteins by secondary forces such 

as water dipole-dipole induction, hydrogen bonds and capillary and surface at-

tractions. The post-mortem decrease in pH was found to be associated 1.:ith an 

increase in the juice expressed on cooking. pH affected the water holding capa--

city by altering the charges on the proteins. lncreases in pH resultcd in in-

creases in the charge on the protein and hence a hetter W:lter holdin~ capacity. 

By increasing the water holding capacity. Hill (1961) cLiÏrns the density of the 

fibers will be reduced and the meat will be more tender. Other factors which 

have been linked with meat tenderness include; breed. age. sex. muscle fiber 

diameter. size of muscle bundles. amount and kind of connective tissue. intra-

muscular fa t and muscular ac t ivity. 

In general. the smaller the muscle fiber. and the more Muscle fibers 

peI' bundle. the finer the texture and the more tender the meat (Harrison.: .... , 

1959; Carpenter 2: ~: .• 1963). lncreases in the size of muscle bundles \.'ith 

age :,,'as reported to be brought about by increases in ::luscle fiber size (Joubert, 

1956; Hill. 1961). and thickness of connective tissue (Carpenter 'J~ ~_~., 19
'
»)). 

Young ani~ls as compared ta old. ha .... e smaller muscle Oundles and more tender 

meat. The size of fibers and relation ta toughness appear to hold fur in~i':idual 

muscles within the sa!!le ani::lal si~ce Ra!:lsbotto::1 (l94~) founa ::ruscle 

iiber size was much greater in the supcrficial pectoral, a tough ::::usclè. t:~l~ 
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in psoas major, a tender muscle. Furthermore, exercise enhances myofilamental 

density in the muscle cell, whereas restricted activity reduced myofilamèntal 

densityand increased the sarcoplasmic content. (Hill, 1961). 

Intramuscular fat (marbling) has been impl icated in tenderncss ln' 

several workers (Harrison et -::zZ., 1959; Harrington c?: .2t., 1960; Hill, 1961 

Henry et 'li,. , 1963). Harrim~ton et al,., (1960), using both a "chew count" tech-

nique and the Warner-Bratz1er shear device, determined that marbling signifi

cantly improved the tenderness of pork loin chops. A significant dif-

ference of 1.3 lbs in shear value existed between the two types of loin. About 

38% of the variation in shear value was ex;:>lained by the amount of intramuscular 

fat (r = -0.62). Wang;?L; ':zl., (1954) stated that it was not the total a:r.Ol:nt 

of intramuscular fat, but rather the way it was distributed that affected ten

derness of broiled steaks. Th~y observed a consistent positive correlation bc

tween the amount of "linear" fat of raw meat and tendern~ss of cookcd samples. 

Flavour, because of its effect on consumer satisfaction, h~s stimu1ated 

considerable research into the elucidation of various factors of importance. 

:iuch attention has been given to fat-soluble constituents, ... ·ith only li::dted 

succ ess. Hornstein ;;~ (1960), and :·1acy .~::-~Z., (1964) have studied \o.':1ter-

extractable components of cooked meat. Randall (1965) studied the s.Hcoplasr:Jic 

;:>roteins (water-soluble) of bovine s;-eletal musc le and found that there '~',I., ., 

marked change in starch ~el electrophorcsis pattern between muscles as weIl as 

bet .... een ag ing pel' iods. 0::'::.:;:.: •. 7 -::.:,;.::--:: '.:,;' '.:":: :'::!":~.~ (tough f lank musc le) and 

;::~:J.z$ -";.:'::;1' (tender loin muscle) exhibited ,:ivid differences in denso::letric plot!'> 

of certain protein bands. Pattern cha~ges ~ere also observed as post-mcrte~ 

aging tÏl:1e increased. although nearly no change ... ·as noted frlXl 24 hClllrs u;) to 

8 days. The sarcoplasmic fraction is belicved ta contai:"l practicall:: .dl t::t: 

en=~-=es of the :luscle cell, Inciudin~ those in'Jolved in the .1naerobic ~l·.·col· .. t i( 
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the amount and type of unsaturated fatty acids present. (Amer eL; 1970). 

Thus it is apparent that excessive dietary intakes of unsaturated fatty acids 

have an adverse effect on fat quality. Amer et al., (1970) have recently 

shol..'I1 a high correlation between oxygen uptake and melting point in pork fat. 

Pork fat, in general, is characterized by three principle saturated 

fatty acids (myristic (C
14

); palmitic (C
16

); and ste.aric (C
18

) and three major 

? 
unsaturated fatty acids (palmitoleic (C16); oleic (C=18) and linoleic (C-=18»· 

Jurgens (1970) noted palmitic acid to be the most prevalent saturated fatty acid 

in pork muscle and backfat, while stearic was most aoundant in liver. Olei.c 

acid was the prUnary unsaturate in aIl tissues studied. Considerable variation 

in fatty acid make-up of adipose tissues has been observed between depot si.tes. 

For example, Sink et al., (1964) found the consistency of depot fat softened 

gradually from internaI to external parts of the body. Saturated fatty acids 

were preferentially deposited in perirenal rather than subcutaneous and inside 

subcutaneous rather than outside subcutaneous sites. The preferential deposition 

pattern of unsaturated fatty acids was in the reverse. This selective deposi-

tion of saturated fatty acids incre.ased with slaughter veight. Hc11eek .. ~n (1940) 

observed a decre.ase in iodine number of backfat after 8 weeks of age and attri-

buted the increase in degree of saturation to the increased rate of fat deposi-

tion resulting hl a larger proportion being synthesized from dietary carbo;-,y-

drates. This tendency toward an increased degree of saturation during growth 

has also been confirmed by other workers. (Elson <2: aZ., 1963; Allen c: :<Z., 

1967; Elliot et :;.l., 1970). 

Sex differences have also been noted in that backfat of barro~s have 

been reported to contain :Dore total saturated fatty acids th"n that of ~i1ts 

(Jurgens 2: ::L, 1970; Elliot~: az.., 1970). The levels of palmitic and !;tearic 

ac ids \o"ere observed to be greater in barrows, while I1nolenlc ac id ... ·as ~ré., ter 
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cycle. In addition, the proteo1ytic enz}"II1es, tne cathepsins, are present in 

the water soluble (sarcop1asmic) protein fraction. These cathepsins have long 

been imp1icated in the tenderization of meat ~hich occurs during aging (~ndal1, 

1965) • It seems plausible that f1avour may alsu be affected since :lacy .:: :li., 

(1964a) reported that the amino acid and carbohvdrate content of meat are ex

tremely important as potcntial f1avour and odor precursors. The products formed 

by the interaction of these materia1s during neating arc considered to contri

bute to flavour and/or odor of cooked meat (:~acy et al.., 1964b). 

Recent1y, Randa11 and Bratz1er (1970a,b) have reported changes in the 

solubility and e1ectrophoretic pattern of pork muscle protein in response to 

heating and smoking process. The cationic proteins ~ere found to be more heat 

stable than the anionic components, ",hile the smoking process further reduced 

stainabi1ity of the sarcop1asmic proteins. (Randa11 .:;: :.r.Z., 1970a). Conversely 

the llyofibri11ar protein nitro~en fraction, pH and free sulfhydry1 groups " .. ere 

increased as a resu1 t of heating, but dec1ined in responsc to tne smoking process. 

(Randall et al., 1970b). 

Qua1ity of Fat 

The chemica1 nature of fat in relation to qua1ity 3S indicated by 

appearance, flavour, odor, nutritive value and keeping qua1ity has been the 

subject of intensive investigation for some time. 

The pig. tvpical of non-ruminants, is subject to dietary manipulation 

of the fatt: acid composition of adipose tissue. ~-1c!leekan, 11)40; Dah1, 1958a,b; 

Jurgens .~ ~ 1970; EU io t . .:::. :::., 1970). Excessive intakes of unsaturated 

fatty ac ids has led to the development of "soft fat" or "oily" carcasses. 

lq58 a.b; 1960). 

(ùa hl, 

Keepin~ qualit:: and hence consl.C1er accefltability as related to the 

develotx=lent of oxidized flaveur or rancidity has been found to he a function of 
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in the backfat of gilts. However, lonç;issin~ts do!'s: intramuscular fat of 

gilts was more hü;hly saturated than that of barrows. (Jurgens 2: ~Z., 1970). 

Recently, dietary components other than fatty acids themselves have 

been reported to influence the proportional relationships between fatty acid 

in various depot fats of s~;ine. =or examp1e, Elliot et aL., (1970) and Amc-r 

et al., (1970) have reported that the effect of supplemental copper when ad

ministered a t a level of 250 ppm t.as to stimula te the produc tion of softer bac k

fat as indicated by a decreased melting point. Elliot et cl., (1970) reported 

an increase in levels of total unsaturated fatty acids and a concomitant de

crease in levels of saturated fatty acids of backfat at various live t.'eights in 

response to copper supplementation. The response varied with source of protein 

and was postulated as bein~ due to variations in copper complexin~ properties 

between the protein sourc~s. Increased proportions of total unsatur:ltcd f.ltt:.' 

acids were attributed to increases in the wei~ht % of monounsaturated 06: 1 and 

18:1) and diunsaturated (18:2) fatty acids (Elliot -:ct --zl., 1970; Amer q~ ::'., 

1970). Similarily, Jurgens et al., (1970) reported that the total Io'eight % of 

unsaturated fatty acids (primarily lino1eic) was increased vith the :lddition of 

vitamin 0) to the diets of growing ~ finishing swine. A trend tOl.':lrd il conco:ni

tant reduction in concentration of aIl the saturated fatt~ acids vas also ob-

served. Interestingly, stearic acid was reduced in :~~:ç:.~.~i.-::~.~ ·io!>:;;' intramus-

cular fat of barrOl"s, but increased in gilts due to vitamin D) supplement.ltion. 

Furthermore. vitamin D) addition to the diet vas found to result in ;1 reduction 

of the myristic acid and an increase in oleic acid content of the outer L.1Cr::i1t 

layer. 

The foregoing. when considered in relation to the ~ery low !cvcl nf 

natural tocopherols in pork fat (Amer e: :::::- .• 1970) indicates the i~;>ort;I:-:"e 

of factors affccting the chemical nature of fat on the various c;ualitativ.: 
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factors assoeiated with storage, rancidity and organoleptie characteristics. 

3. EXPERIXENTAL 

3.1. GENERAL 

The presence of sub-elinical infections, located ehiefly in the 

gastrointestinal tract, often prevent maximum weight gains and cause redueed 

feed effieiency. Ch10rhydroxyquinoline (CHQ), a deve10pment of the Squibb Re

search Laboratories (Squibb, 1961) has a broad spectrumof an:ibacterial activity. 

and is non-absorbable and non-toxie \olhen given ora1ly (Heseltine et al., 1959; 

Heseltine et aZ., 1960). These properties together with its stable composition 

made CHQ seem ideal for inclusion in pig rations for the purpose of promoting 

growth and increasing feed efficieney. 

The possibilit~· of different responses occurring between sexes and 

ages of pigs (Bcnv1and et tll., 1951; Lloyd et al., 1961) together \dth the need 

for reassessment of the optimal slaughter weight (:~cDonald, 1960) led to the 

outline of a 4 X 3 X 2 h 2 X 2 factoria1 design. The studies were conducted at 

:'lacdonald College (~cC;ill) between 1962 and 1965. 

3.2. ANV1:\LS 

Ninety-six crossbred feeder type pigs (Lacombe sires) X (Lacombe X 

Yorkshire sows) comprising 48 barrows and 48 gilts born during the fal1 of 1962 

(Rep. 1) and the faIl of 1963 (Rep. 2) \·:ere selected for the study. Three bar

rows and three gilts of unifort:! weight '..:ere selected from each litter and as

signed ta treatments at 22.7 kg li'leweight. 

3.3. RATIm;S 

The diets were standard coosnere ial ~ro·~·er and finisher me.al fOr::lu

lations :aanufactured by E. Tri. Caro~ and Sons Co., Ltd., ::ontreal, 0uebec. The 

composition of the grower and fi~i5her rations ~re outli~ed in Table J. 
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Table l 

Ingredient 

screenin~s (wheat) #1 

barley 

corn 

soybean meal 

meat m,eal 

1 
rice meal 

molasses 

. . ix 2 
V1 tam1n m ture 

trace mineraI mixture
2 

l imestone 

iod ized saI t 

calcium phosphate 

Basal Feed Composition (%) 

Grower Finisher 

25.00 17.50 

45.00 25.00 

10.00 25.00 

9.375 2.50 

2.50 2.50 

3.125 22.50 

2.50 2.50 

0.25 0.25 

0.125 0.125 

0.625 0.625 

0.50 0.50 

1.00 1.00 

100.00 100.00 

1 
Product of :'(ount Royal Rice ~ills Ltd., Xontrcal, P.Q. 
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2 
Commercial, Premixes provided by Delmar Chemicals Co. Ltd. ~(ontreal, Que. 

The CHQ was premixed with Cr
2

0
3 

colour marker, then blended with 

the mineraI and vitamin components to provide levels of 0, 62.5 and 125 hm of 

CH~/ton of complete feed. The mixing operation was supervised to ensure the 

homogeneous distribution of the 0.25% Cr
2

0
3 

colour marker throughout the complete 

feed . 

The ~rower fort:lulation (167. crude protein) \o,oas fed until the anL-nals 

reached 56.7 kg live .... eight. while the finisher (14i': crude prote in) ... ·3S féd fro::) 

56.7 to 90.7 kg livewei~ht. 
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3 • 4 ~·tA~(;E)1ENT 

Housing: - AlI animaIs were housed in the Swine Research Building 

!-lacdonald College, in pens designed to confine individualanimals durin~ feeding, 

but to allow exercise in grrups of three bet'v:ep.n feeding periods. Therefore, 

three barrows from the same litter lr!ere confined in one pen, while litter-mate 

gilts were placed in the adjacent pen. 

Feeding: - All animals were individually fed C~ a time restricted a~ 

libi~~~ program consisting of three 30-ninute feeding periods per day. The 

confinement gates were closed and latched after each feeding period to preverit 

access to the self feeders prior to the next feeding period. Each pig was 

numbered with colour marking crayon to correspond to its appropriate confine

ment pen, to ensure that the proper treatment was provided. 

Weighing: - All animaIs and feed residues were wei~hed and recorded 

at \.reekly intervals, just prior to the noon feeding period. .\ny animal that 

was up to or exceeded lts predeterrnined slaughter welght, was taken off feed 

and slaughtered 24 hours later. 

Slaughter: - Each animal \0135 stunn~d by a mallt.!t blow to the skull, 

bled by sticking, scalded ta facilitate removal of bristles, and dressed as 

descr ibed by Ziezler, (1963). Kidney fa t, l iver and hear t were rernoved and 

wei~hed. The carcass was then weighed with head on and placed in a chillin~ 

roOOl f or a bou t 24 hours pr ior to eut t i ng. 

3.5 CARCASS E" .... ALt:,UIO:.; 

Each car.:ass • ... as l'e::lo'led frco the coiller about 24 hours after 

slaughter. and re .... eighed ta per:::lit detér:nination of coiller shrinir.age. Th€: 

head 10135 then removed al the atlas ~one. · .. ·ei~hed, exa:nined forsi~s of rhi.nit1s 

and discarded. The carcass .. -as split by car€:fully sa· ... iog do.on the c€:ntr€: of 

the vertebral colu:::l:1 "'hile toe carcass · .... as r.anging on the rail. :.aC:1 side ... as 
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then weighed separately and caliper backfat measurements were taken along the 

cut surface of the mid-line at the shoulder, mid-back and loin. 

The left side of the carcass was cut according to the ~10ntreal com-

mercial cutting methods described by Roache (1964). Each cut wasweighed,trimmed 

of excess subcutaneous fat and reweighed botil in air and water in arder ta de-

termine specific gravity. A small loin roast was rernaved from the centre of the 

loin, packaged in a plastic bag, labelled 'H;.d frozen for subsequent taste panel 

evaluat ion. 

The right hand side of the carcass was cut by the Canadian R.O.P. cut-

ting method as outlined by the production and marketing branch of the Canadian 

Department of Agriculture. The length was measured using the ~.O.P. ruler-

square fran the anterior tip of the Sl:'"7p~:'Si.è pl.!bis ta the anterior edge of the 

first rib. The ham was removed by cutting l::i in anterior to the tip of the 

s:jlr.phisis ;'.A.bi8. using the anterior edge of the !LO.P. square as the straight 

edge. Like~lise. the centre cut was made by sliding the square anterior and 

cutting along the straight-edge 50 as to leave seven lumbar ver~ebrae in the 

posterior cut. Front and back legs were removed by separation at the kne= and 

hock joints respectively. 

Trac ings of the cut surface of the "eye muscle" a t the position of 

the center cut described above were made using polyfilm with one rough side 

which permitted mappin~ of lean and fat with a lead pencil. Tracings were sub-

sequently measured loo'ith a Planir.leter ta deterT"1ine the loin "eye" arca and the 

relative area of fat and lean. The method applied ta determine fat ta lean 

ratios i5 outlined diagram:natically in Fig. (1). A triangle l.."aS placed o'Jer the 

traeing 50 that the right angle toue~ed the ecige of the tracing 10.2 e~ from th~ 

mid-line eut. The line paS5ed thraJ~h the intersect point bct ... ·een the .'.:. --::..::.-:-

Loi=- e:;e area and area of fat bounded bv 
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loin tracing at center cut (A B= 10.2 cm) 

Loin tracing takcn at the position of the ce~tre cut 
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ABC and the exterior surface of subcutaneous fat was determined with the aid 

of a planimeter. 

Grid photographs were taken of the ham cut surface prior to dissection. 

Relative areas of fat and lean tissue were determined by projecting the trans

parencies onto a standard viewing screen and counting squares of fat and lean 

tissue. 

Core samples of m. lon:Jissi"7Us dC:N;{ were taken from th~ centre of 

the muscle at the position of the centre eut and placed in 10% formalin for sub

sequent muscle fiber diameter measurements by the method of Joubert (1956). 

Each cut was then weighed in air and again in water in order to de

termine spe~ific gravity. 

The four ~.O.P. cuts from the right hand side were placed in heavy 

plastic bags, sealed and frozen for subsequent anatomical dissection. 

3.6 ANATOMICAL DISSECTION 

The r ight hand side of one animal frem each treatment group (24 animaIs) 

was subjected to complete anatomica1 dissection. The day before dissection cuts 

were removed from the freezer but 1eft in polyethylene bags to tha ... · overnight at 

room temperature. Each cut was weighed and photographed in cross section behind 

a grid Just prior to commencing dissection so as to permit determination of 

freezer shrinkage and relative area of lean to fat. Complete anatomical dis

section was accomplished using surgical instruments and following a modification 

of the procedure of Cuthbertson and Poceroy (1962). Co1d, damp towel1ing was 

used to wrap the cut being dissected and thus ~ini~ize moisture loss. The sKin 

and subcutaneous fat ~ere reooved together. Where distinction between subcu

taneous and intra::lUscular fat ~as not obvious, the fat ~as c lassif icd as sub

cutaneous until it reached the sa::le horizontal level as the t· .. 'O adjacent ?cri

"oeral ~uscles. ~pon re=oval of the muscle and adherin~ intra::luscular fat. a 
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number tag \olas a ttached corresponding to the muscle nomenclature of Sisson and 

Grossman (1960). ~Umbered ~uscles and adhering fat were then placed in a large 

polyethylene bag which was closed tightly immediately after each mus~le was 

added. ;feanwhile a technic ian withdrew muscles from the same bag and weighed 

them before and after removing aIl adhering intramuscular fat, tendons and blood 

vessels. Weights were recorded to the nearest 0.1 gr. The entire J.f. ser"iite~;

dinosis and the lumbar region of N. Zongdissimus ±JT'si were saved and re-frozen 

to -30°F for subsequent che~ical and eleetrophoretic study. 

When aIl the muscles were removed from the bones of eaeh cut, they 

were cleaned of aIl adhering tissue and weighed together for that eut. That 

is, no att.empt was made to separate and identify eaeh bone individually as des

eribed by Cuthbertson and pomeroy (1962a). 

The intramuscular fat surrounding the M. se'nitendino.?is was placed in 

a tightly sealed plastic bag and frozen at O°F for subse~~ent gas chromato

graphie ana11sis. 

3.7 ORGA~OLEPTIC EVALUATION 

The loin roasts taken from the left hand side of each animal (96) 

were subjected to organoleptic evaluation in the Home Economies Department of 

Macdonald College. 

Cooking Procedures 

Each roast was placed in a numbered alu~inum pan and weighed to the 

nearest 0.1 gm. :\ meat thermometer was inserted into the centre of the --:. 

Za): .. ~:'.:~;;:.n"..4S ":Cr'S:', and 16 roasts were cooked together in a large CO::mlerc ial hot-

air oven to an internaI temperature of 180°F. The 16 roasts selected represe~ted 

one from each sex and slaughter weight in the sa:ne rep1icate. 

When each roast reached an internaI temperature of 180~F. it ~as re

::lOved frce the oven and r~ighed to deter.::line the e'Japorat ion 10S5 dur ing 
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.cooking. Juices ... :ere then poured off and, by reweighing, the amount of drip 

1055 during cooking was determined by diff erenc e. :toasts were tightly wrapped 

in alumin~~ foil and placed in a house-hold refrigerator overnight. 

Taste Panel 

The 16 roasts ""ere removed from the rcfrigerator at about 9:00 a.m. 

and rectangular pieces (3/4" X 1/2" X 1/2", ',,:...:rc eut from the~. i:;:.;.~:,~~~:'·-:_<o-' 

iaf'3i sa that muscle f ibers were parallel to the long ax:s of the cut. Samples 

from eight different roasts were placed in coded positiü~s around the perL~eter 

of plasticized paper plates, for panel asscssment at Il:00 a.m. 

Twelve tasters were employed and wcre presented with two plates of 

eight samples representing animals from each scx and slaughter weight classi

fication. Tasters were requested ta use one plate of sarnples for the assessment 

of flavour and juiciness, while the otner plate was ta be used only in tenderness 

evaluation. Samples wcre rerandomized to different plate positions for subse-

quent panels ta avoid having samples from animaIs of 0ne weight or sex classi-

fication always appearing in the same plate position. B:: this method, every 

roast was evaluated for tenderness, juic iness and flavour by six different in

dividuals. 

Tenderness was estirnated by a modification of the chew-count method 

described by Harrington .. ':: ~Z •• (1960). The tasters were requested ta note the 

number of chews ta l:l3st icate the s:mple ta the point at which they .... ould normally 

swallo1oo', and .1150 ta th.: point ·A·hère an insoluble residue or no residue r~ained. 

:la'Jour .:lnc juici:1cs:,; ',,-en" esti:nated by 5cori~g ~rC::l 1 ta 10 ... ·here 

1 = very poor, 5 = avera~e, a~d 10 = perfecto SaI t shakers, and a ~la5s of 

Instructions wcre ~i~~n to 

rè.:arc tÎleir aS5es~-=e;-,t cf juicl:1cSS a:t.::r the first t .. 'O che''':s, to assess juici--
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ation. A typical taste panel form is displayed in Appendix Table 19. 

The average ratings of the six individuals \.;ho evaluated eacil roast 

were subjected ta statistical analysis. 

Press Fluid 

Samples of aIl roasts presented ta the taste panel were subj ec ted ta 

press fluid determination on the same day the taste panel was conducted. 1ec-

tangular samples (3/4" X 1/2" X 1/2") from the roasled loin cuts \.;ere sandwiehed 

between two layers of Whatman #2 filter parer and subjeeted ta 2500 p.s.i. in a 

hydrau11c press for five minutes. Areas of juice penetration in the paper a~d 

flattened meat residue were measured by means of a planimeter. Tile meat/juiee 

ratio was then calculated as follows: 

(Area of flattened meat ) 
meat/juice ratio (residue ) X 100 

(.\rea of juice penetration) 

3.8 CHEHICAL ANALYSIS 

3 .8 .1 . :·ruSCLES 

T,le r:. se:ni cer.ainoeus and.... Zcy.gis:;i ..... u:! c'-cr'3i musc les selee ted from 

one animal of each treatment subgroup in rcplieate I, were frozen immediatel;: 

after dissection and subjeeted to subsequent chemieal analysis. 

pH Determination 

A cross-sect ion sample of frozen -;. >;>:::is::i-;:tz .;:o'1'-:;i weighing 50 gm 

was removed frem the mid-loin region with the aid of a fine-toothed sa· .. ·. The 

entire 50 gm saople ~~s then homogenized ~ith 50 ml of distilled water in a 

Warin~ Blendor for 1 min. The slurry was then transferred to a ground glass 

tissue homogenizer for l mi~ additional Maceration. thé pp. ~as then dcte~inéd 

on the resu1tant homogenate ~ith the aid of a Bec~~n Zero~tic ?H ~éter. 
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Protein Separation 

The sarcoplas.nic (water-soluble) protein fraction was separated from 

the stroma plus myofibrillar fractions by a slight modification of the technique 

described by ~andall (1965) for bovine skeletal muscle. 

Ten gm samples ylere ta ken from frozen '1. iO;1::;issi:~:~3 iO"!'3:' and ~l •• ;·2·1'~-

:;cn'17"nO;~U3 by sawing thin cross sections from the center portion of each muscle. 

The samples were then homogenized in 40 ml of glass distilled water in a Warin~ 

8lendor for l min. The slurry was then quantitatively transferred to an all-

glass homogenizer for an additional l min. The entire homogenate was then trans-

ferred to 50 ml centrifuge tubes and centrifuged at 2600 rpm for 20 min. The 

supernatant (sarcoplasmic fraction) was decanted, lyophilized, weighed and 

stored in a desiccator at about -20°C. The remaining insoluble fraction (stroma 

plus myofibrillar protein) \.'as also lyophilized, weighed and stored at about 

>:03:œ were subsequently assayed for ni trogen content by the A. O.A.C. (1960) 

micro-KjeldaFü method. :Ioisture content was determined by difference from the 

total dry matter remaining after lyophilization. Total lipid content was de-

termined by the method of Chen ,,:; 'J.l., (1965). 

Horizontal Starch-gel Electrophoresis 

Sarcoplasm ic t'rotein ( ... :a ter-soluble) frac t ions of '". 
. . , 
:'::;;: .. ~.:;; .. :. :.. ...... ~:: 

and - .. ~.;-:: :'t):'''::):::;.~:(:· .... ere subjected to clectrophoretic separation in a di::;-

continuous buffer system. 

The apparatus employed and methods used '.'cre similar to tnOf>e d<:s-

cribed by Randsll (1965), except for the follo • ..-io;; ::lOdif ications: 

1. The pH of the gel buffer .... as adjusted to 3.6 since pr(:l i~inary 

runs indicated this ta be the Ojlti::l.l1 pH :cr distinct sep.ar.1:i r )'l 

of bands. 
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2. Starch gels were poured using 50 ml of a stock solution of 

Tris (0.017:-1)- HCl (0.2!-t) buffer per 450 ml of glass distilled 

water. 

3. The content of starch (Connaught :ledical Laboratories, Toronto) 

in the gel preparation \-Jas maintained at 12% since small varia-

tions were found to alter patterns obtained. The same lot of 

starch was used throughout aIl electrophoretic runs. 

4. A éD mg sample of sarcoplasmic proteins was dissolved in 0.25 ml 

of glass distilled water. 

Small filter paper inserts were soaked in the sample solution, blotted 

free of excess sample, and applied to the insert line. Inserts were left in 

place for lS min at 165 volts. After removal of inserts, 300 volts were main-

tained until the forward boundry had travelled 8 cm. Six samples were run si-

multaneously on each ~el. Three gels were run for each sample. 

Each gel was sliced on a horizontal plane and stained with Amido 

Black lOB dye. Unbound dye was removed by washing in 4 changes of 10% acet ic 

acid over a 4~ hr period. Gels were then sliced into individual sample strips 

and densitometric plots were obtained using a Photovolt Densicord ~odel 542 at 

a response setting of 8. The relative density of each protein band was deter-

mined directly from the photovolt e1ectronic integrator. 

3.8.2. FAT 

Samples were taken from the 
. . . 

-r. ~~·):.?:'.?l~:'";:.A..~ :'C!>.~-:' intramuscular fat, 

and frot:! the intermuscular fat of the ham adjacent to the "i. ::'::'--;::'~':::'i_ r..:f 

a Il carcasses d issec ted. The samples .... ere then prepared for Ga s-Chrcm-..a tograpr. ic 

Analysis in an attempt to ellucidate an:; differences tÏl ... "lt oay exist bct"o'é(-:1 

treatments. 
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The total lipids were extracted using the following modification of 

the methods of Bligh and Dyer (1959) and Chen .Jt a.l., (1965). 

Ten gm of ham intramuscular fat and 78.5 ml of distilled water were 

placed in a Waring Blendor and homogenized for 30 seconds. Chloroform (100 ml) 

and methanol (200 ml) were then added and the mixture was homogenized for an

other 30 seconds. 

The mixture was then filtered, under suction, through Whatman No. l 

filter paper. The Waring Blendor and filter ,,,ere washed with 40 ml chloroform, 

which was added to the original filtra te. The filtrate was transferred to a 

500 ml s.:.paratory funnel and the suction flask was rinsed with 10 ml of chloro

form which was then added to the filtrate. The filtrate was then left standing 

for 2 hr to permit complete separation of the t"''O phases. The lower chloroform 

layer was then run off into a tared round bottom flask and the solvent \Jas 

evaporated on a rotary flask evaporator in a water bath held at 60°C. 

The flask and contents were weighed after solvent evaporation to permit 

calculation of the \o,'eight of total lipids. The lipid was then dissolved in ethy} 

ether and transferred to a sample vial with the aid of a pasteur pipette. Th~ 

ether was then evaporated under a stream of nitrogen and the lipid was then 

stored undèr nitrogen in a disiceator at -20°C, 

Samples of":. Z-:;>::::·~;,~~: .... :(,'J "ic:'.,:: (50 gm) were extracted b:: the sar.lC 

techniqué described above, exeept that 50 ml of distilled \o,'ater was added to thL: 

l..'aring Blendor in the first homogenization step. 

!-lethylesters were prepared f0110\o,'ing the procedure cf Hyan .:' .. ~ . , 

(1965), Ten og of 1ipid material was dissolved in 4 ml of boron trif!ufJride

::letnano1 reagent (BF3~ethano1) and 1 ml benzene in a sere ... cap test tIJ::'C, The 

air in the tube loo'as rep1aeed by nitrogen gas and the c;q> retJlaced ~;e.::ur .... ly. The 

reacti.Jn oixture \.las thén he.ated to 70~ a:1d shaken pcriodicall:: =or.ï jJeriorl of 
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24 hours. 

After cooling 10 ml of distilled water was added and the fatty 

acid methylesters were extracted with 4 ml petroleum ether. The petroleum 

ether layer was separated and the aqueous layer re-extracted twice \o.·ith 3 ml 

portions of petroleum ether. The petroleum extracts \"ere pooled and dried over 

~2S04 -"NaHC0
3 

mixture Cl - 2 gIn, 4:1 mixture) for about l hour. The dried 

extract was quantitatively transf"~rred to a sublimation tube of the mi.::roin

teresterification assembly with 12 portions of petroleum ether. The solvent 

was evaporated under a stream of nitrogen gas while maintained at a temperature 

of O°C. 

The sublimation tube was connected to the microsublimation system 

and immersed in the sand-bath heater maintained at 125°C. The entire system 

was ti",en gassed with nitrogen on a continuous basis ta ensure tlle complete ab·· 

sence of air during the sublünation procedure. Cold water prepared by looping 

flexible plastic tubing through a salt-ice-water bath was passed throught the 

cold finger during the entire 45 l'lin procedure. After cooling, tlie assembly 

was discannected and the methylesters of the short chain fatty acids \o.'ere washed 

off the cold finger with 2 ml of petroleum ether. 

The cold fin~er was then re-inserted in the sllblünation tube \·:hich \o.·as 

then heated ta 60°C and :naintained unàer vacuum of about 0.2 r.mlHg for 1 Ïlr. 

The system .... as then coaled and disconnected to permit washing the cold finger 

· .... ith petroleum etht!r to remove the predominantl:: long chain fatt:: <lcid methyl

esters. The petroleum ether ... -as ... -ashings • ... ·ere collected in the same tuh:: con

taining the washings fram the first sublimation. The combined petrolcu::l ether 

... ·ashings .-cre evaporated ta dryness under a stream of nitrogcn • .. ·hile ileld .:H 

O°C. The vials ... ·ere t:len tightl ... capped and stored in a desiccator. E..-.c!, 

sacple • .. -as re-dissolved in 0.1::11 of chlorofor.:l (redistilled) i.=:ledi.:lu=l:: :'~for(: 
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gas chromatographie analysis. 

The methylesters of the fa tt y ae ids were assayed in an F & :.: ~fodel 

700* Laboratory Chromatograph employing a 6 ft copper column packcù · . .-ith di-

ethylene-glyeol-sueeinate and Chromasorb \-1 (12:100). The mobile phase used W:1S 

helium gas at a flow rate of 200 ml per minute. The inport, column, and de-

tee tor tempera tures were maintained a t 280, 170, and 270°;: respec tively. 

Samples of methylesters were redissolved in 0.1 ml of redistilled ehloroform 

and 2.0 ml were injeeted into the eolumn with the aid of a Hamilton syringe. 

The eomponent fatty acids y .. ere identified by eomparison with ehroma-

tograms of standard mixtures of known fatty aeid composition (Hormell Institute, 

University of ~innesota, U.S.A.) and by homologus series plots. Relative per-

eetitages of the fatty aeids were determined using the ratio of peak areas which 

were determined by triangulation. 

3.9 STATISTICAL ~~~IPULATIO~ 

The raw experimental data ~as transeribed to puneh cards and compiled 

~'ith the aid of an lB:! 1620 computer. The initial programs computed the: anal:lsis 

of variance for aIl variables. The differenees between means of variables dis-

playing significant "f" values were subjected to Duncan's New ~1u1tip1e Rangé 

Test as d(~scribed by Stce1e and Torey (1960). In addition, the association of 

seleeted variables was examined by multiple correlation and regression anal:.si5. 

*? & ~l Sc ient if i::: Corpora t ion, 
Avonddle, Pennsylvania, U.S.A. 
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4. RESULTS ~~D DISCUSSION 

4.1 GROWTH PERFORn&~CE 

The variation between sexes in swine growth performance have been 

documented by severai '.lOrkers (Lucas et a.Z., 1956; Harrington, 1958; Bowland 

qt a.l., 1959; Buck et a.l., 1962; Blair et- a.l., 1965; Rahnefe1d, 1965; Friend 

-3C al., 1970). Further confirmatory data is contained in Table 2. As antici

pated, barrows disp1ayed higher average dai1y gain (P<.Ol) and required fewer 

days to reach slaughter weight (P<.05). Similarly, feed and efficiency data, 

although not statistica11y significant, indicated that barrow~ tended to consume 

more feed and utilize it somewhat more efficiently. A graphical comparison of 

the average rate of gain between sexes up to the various slaughter weights 

(Fig. 2) revealedthat barrows tended to gain more rapidly overall but reached 

a plateau at about 79 kg whi1e gilts reached their maximum rate of gain at about 

68 kg. 

The amount of feed required per unit gain (feed efficiency) increased 

in rela tion to slaughter weight for bath sexes as shown in Fig. 3. Barro",'s, 

however, were some""hat more efficient up to 68 kg live \:eight .... hereas giits de

monstrated superior feed efficiency up to heavier \.;eights. This "s',:itch-over" 

in efficiency is probably related ta sex differences in the shift in physiologi

cal growth gradient bet\oreen fat and lean tissues. That is, in barrows more feed 

would be required per unit of gain because of the difference in energy require

ment of higher fat ta lean live ""eight gain. This presupposes the hi~her fat 

content of barraI.' versus gilt carcasses of comparable wcight. l t i st!;(· n .. for é 

likely that the optir.lal slaughter .... ei~ht for maximum efficiency and for pro

duction may ·.'ary with sex as suggested by ~acDonald (1960). 

Analysis of variance of growth and perfor.:lance data rc.-'Jéal ... d th:lt 

CHQ h."ld no effect on average daily gain. feed intake, fec.~ cfficienc:; or d;I::S 
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required to reach slaughter ~eight. Furthermorc, there ~as no significant i~-

teraction between CHQ level and slaughter ~eight. The mean response data arc 

presented in Table 3. It is possible that sorne bene fit may have becn obtaincd 

if CHQ had been red U? to 23 kg live weight since sorne young piglets exilibitL!d 

depressed growth rate, lack of appetite and mild diarrhea irranediately after 

weaning. Sucn performance prevented tnese individuals being selectt.!d for ex-· 

perimental purposes. iio\.:ever, those individuals \:i1iCfl remained t.lrifty up to 

23 kg appeared to be over the critical period in that their s'-lOsequellt perfor-' 

mance was good and \o:as not improved by CHQ t reatr.lent . Furthermore. the ~ar-

ticularly ~ood environmental conditions provided by daily pe~ clcaning in il 

new research pi~gery would also suggest i t unI ike1y tÎlat ant ibactt:r ia1-l i i.e 5U:"-

stances \lould display any meaningful 6eneficial response. T~e 1ack of r0sponse 

to other antibacterial agents in similar circumstanc<;!s has been der.lonstratL!d 

by other \.Jorkers (Smitn .J: c.::., 1903; H(~lme .-' ~ ..• 1=3E3b; Smith 191)4). 

On ti1e otner hand CHQ, also failed to increase til<;! productive performance 'JÏ 

.... -. , 1365) • 

The anal':sis of variance for gr'J' .• th and nerformance data i:1 relat in'] 

to slaughter weights revealed several hiqhly significant diffcrcnces. 

performance data by slaughter · .. eight ~rOll;1S i5 surnrnarized in Table: 4. 

significant diff~rences (P<.Ol) were obscn:ed bet'.ee:l slauhllter , .. e:ight" for :1\.'" 

erage daily gain. avera~e dai1v fced intake and avera~e ~ays rL!~uired from 

22.7 kg to the resp~ctive slaughter wei~hts. ~ulti?lc ran~e test conr~rison~ 

of individual mea.:"s revealed that average rate ~): ~.3in i;]Cred~ed rror. ~>'1. 7 r:': 

to 68.0 kg but re:!1ai:led constant fro:n68.0 to 'iO.' ~:S1;. Si=:,: i la ri l y. (i Vt.: :"' ~î.~ (. 

dail:: feed intak~ increaséd fro::l 56.Î to 68.0~;; ":>ut ré~int.:è consta: ... t :r:.·~ 

68.0 to 90.7. Feed cfficie:lcy decli:led s!~ni:ica~tl~ :rc~ 68.0 tn 79.~ ~:.: 

live ·.-cignt. As expected. tnere was a hisz~ly Sl:::7".::lC..,~t (P--.Cll) i::crt:''i·· ... 

the nuober of davs re~uired to :-ear:~ t:H;' :1ext ~.ig:1c:- s:'luO!:'.ter ·~"i;!:;t. 
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The cummu1ative efficiency of growth to the various slaughter weights 

is further demonstrated in Figure 4. The growth efficiency (ca1cu1ated from 

the average dai1y gain divided by average daily feed intake x 100) was observed 

to decrease from 31.4 to 28.9 as slaughter weight increased from 56.7 to 90.7 

kg. This re1ationship is in agreement with that estab1ished by Head1ey and co

workers (1961). 

Summary: 

1. Barrows gained significant1y (p< .01) faster than gUcs and took significant1y 

fewer days (P<.OS) ta reach slaughter weight. 

2. The amount of feed required per unit gain increased with successive incre

ments in slaughter weight. Barrows tended ta utilize feed more efficiently 

up to 68.0 kg while gilts became more efficient from 68.0 ta 90.7 kg live 

weight. 

3. Chlorhydroxyquino1ine supplementation failed to yi.:!ld any beneficial res

ponse in growth performance. 

4. The average daiIy gain increased to a maximum at 68.0 k~ live weight (P<.Ol) 

in response to an increase in average daily feed intake (P<.Ol) 

5. The efficiency of feed utilization decreased significantly (P<.05) with in

creasing live weight. 

6. Significantly (P<.Ol) more days on feed were requir~~ for animaIs to reach 

the next successively higher slaughter weight. 

ï. The eff ic iency of increnental growth decreased as live weight increased. 
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4.2 CARCASS CO'lPOSITIO~ 

The anlaysis of variance of mean s~lected slaughter and carcass data 

for ~arrows and gilts revealed several meaningful differences, as Sllo\·:n in 

Table S. Barrows displayed a slightly higher shrink during fasting th~n gilts 

but the differenc~ was not of sufficient magnitude to reach statistical signi

ficance. This trend is a reflection of greater gut fill as a result of iligher 

feed intake in DarrO'.·IS vs gilts. Likewise, barro;·; carcasses sho ..... ed a some-

, ... hat lm ... er cililler snrink than gilt carcasses. This might ~lave been ant ici

pated if barrows had been found to have a higher fat ta lean ratio than gilts. 

The superior loin eye area (pc.Dl), and lo~er fat mcasurements (pc.Dl), to

gether with thinner back fat measurements (pc.Dl) of ~ilts tends ta validate the 

assumption that carcasses of barrows contain more fat than those of gilts. 

Llis is furtiler substan tiated in that more excess fat ... :as t r immed 

off shoulders and loins obtained from barrows as compare~ ta gilt carca~s~s 

(pc.Ol). ln contrast, specifie gravit y of trimmed cuts failed ta rcflect a a: .. 

meaningful differences between barrows and gilts, sugg~sting t~at the majority 

of extra fat in barrow carcasses was rnainly subcutaneou3. 

Gilt carcasses yielded slightly more total prime cuts as a percen

tage of total side weight as compared to oarro""s (pc.Dj). Tile harn, IIO', .. :ever, 

l.Ias the only prime eut observcd to be significantly heavier (pc.05) in ~ilt 

carcasses, although shoulders and loins tended to oe slightly heavicr a150. 

This superiority of gilt carcasses over barro1.:s is furtncr d.:monstrat..:d in t:le 

increased total salea~le cO::lponents (pc.05) a:ld iiib:ler calclliated valllL (?<.T;') 

of carcasses from gilts versus barro~s. 

The influence of CHQ supplecentation on ::Jean slaug:lter ;i:1J ::",rC:I,:. 

data ~as ne~ligible as is clearly evident from Table 6. 1;1 fact, t.le 0:11'" si~-

nificant effects \o'ere of an adverse nature. ?or cXa::l?le, loin c::" ;,rc:~, ·A."· 
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Table 5 !iean se1ected slaughter and carcass da:a for barrows and gilts 

Itee 

So. of animaIs 

Slaughter data 

Ave. Hot Carcass weiszht (kg) 

Shrink (7.) 

Fastin~ 

Cooler 

Dressing (4) 

Hot Carcass 
Cold Carcass 

CarcaS9 data 

Length (cm) 1 

Width (cm)1 

Loin "eye" Area (SC; =)2 

fat/lean rati0
2 

Back fat thickness (cm)3 

shoulder 
t:lid-back 
loin 

?r~me cuts
4 

(kg) 

Ham (t rim) 
Shoulder (trim) 
Loin (tric) 
Belly (tric) 

~otal 

:: of 5 ide 

S~t..."'ci:ic gravit ... (t!'1=:lèC cutsj 

Ha:: 
Sne' li de,. 
Loi" 

Lca: Fat 
He:ld 

70:a1 lialeable ,:~~:-..o:·H::'i!.~ (~'.;::~ 

C.'\ let.! loS t ('.o! '; al '..1" ~ (S \ 

Barro,",s 
Sex 

48 

54.16 

4.44 
2.42 

75.35 
73.51 

73.66 

31.90 

20.32 

1. 54 

3.58 
2.18 
3.00 

5.58(0.32) 
4.64(1.06 ) 
4.22(1.80) 
3.19(0.39) 

17.64 
74.60 

1. 0:; 
l ... )~ 
l .. r;f; 

J. 5 3 
>.:)0 
: : -, 

. , . 
~ .. i.! 

- = " ~.:, 

GUts S .E. 

48 

54.08 0.32 

3.97 0.26 
2.81 0.18 

7:'.94 0.44 

72.82 0.43 

74.47 0.19 

31.80 0.15 

22.19 0.29 

1.19 0.04 

3.20 0.07 

1. 75 0.04 

2.62 0.05 

5.70(0.3b) :.J. 04 (0.02 ) 

4.76(0.97) 0.05(0.02 ) 

4.30(1.49) 0.04(0.05) 

:;.16(0.42) 0.05(0.03) 

1 :. Cl O. Il 
..... ~r' 0.74 JI ...... 

: .):> 0.001 
.. ) ) D.Cld;! 

1.0" 0.001 

' .. j ) 0.01 
j . j.) ').0,> 
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" " 31 0 .. r) l 
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.:. ". ï 1 'J .. : -; 
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~.S . 
~.S. 

~.S. 

S.S. 

S.S. 

S.S. 

* * 

* * 

* * 
* * 
* * 

* (S.S.) 
S. S. (* * ) 

: .. S. (* * ) 

:;.S. (* * ) 

:;.S. 

* 

~: .. 5 .. 
:, .. s. 
~, .. 5 .. 

~; .. 5 .. 

!'.S. 
!' .. $ .. 

* 
• 
• 

?r;.~..e ~',;!.'. :-1".". ~?#1.r(: r1b~ •• K1d:ne:.s. 

:.:-.",,,":-. So-.. -...-.,·~. rat, rnuct-.le'"\ 

::'i.'-~o(·.! .~. :,..!~) ;.':"~(C!i courte!.):. Cana!!;, 

? .. c..t~(.:oc, 1-:: ••• ~('"_.:"~!. f'c .. ') l 
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Table 6 Mean se1ected slaughter and carcass data for var10us 1eve1s of C.H.Q. supp1ementat10n 

Item 
C.H.Q. 

0 

Sa. of an1mals 32 

Slaushter data 

Ave Hot Carcass ve1ght (kg) 54.09 

Shrlnk (%) 

Fast1ng 4.74 

Cooler 2.81 

Dress1ng (%) 

Hot Carcass 75.24 
Co1d Carcass 73.09 

Carcass data 

l.ength (CIII)l 74.30 

Width (cm) 1 32.05 

Loin "eye" Area (sq CIIl)2 22.00a 

Fat/1ean rat io 2 1. 35 

Back fat th1ckness (cm) 3 

shou1der 3.35 

mid-back 1.88 
loin 2.82 

Prime 
4 (kg) cuts 

Ham (tr i,.,) 5.67<0.38) 

Shou1der (trim) 4.71(1.05) 
Loin (t rim) 4.29(1. 70) 
Belly (trim) 3.19(0.42) 

total 17.86 
: of "ide 75.58 

Specifie gravit y (tr1=oed cutS) 

Ha:: 1.05 
Shoulder 1. 05 
Leln l.06 

Oth.,~ Ccc;>cnents (i<g) 

Le.)! r.ilt 0.51 
He",:! 5.':'6 

L1ver 1.01, 

j(!~e·.·s 0.32 

ro:al fi aZ('ol:': c 
5 

(i<g) .. 2.20 ::.::--:1~c:'l:e:ltt; 

Cal c-;l .. t"~ .... al~ 6
 

( $) ~(L": 

ELu.? ~:!'-.c~ 

1eve1 (gIIIl ton) S1gn1f1cance 

62.5 125 S.E. of F 

32 32 

54.19 54.09 0.39 N.S. 

3.93 3.93 0.31 N.S. 

2.60 2.43 0.22 N.S. 

75.19 75.02 0.54 N.S. 

73.22 73.19 0.53 N.S. 

74.30 73.66 0.24 N.S. 

31.83 32.69 0.18 N.S. 

21.29ab 20.52 b 0.36 * 

1. 38 1. 36 0.04 N.S. 

3.45 3.35 0.08 N.S. 

2.11 1. 96 0.06 * 
2.82 2.79 0.08 N.S. 

5.64(0.32, ).61(0.32) 0.05(0.03) s.s. 
4.7U(CJ.97.> 4.69(1.04) 0.06(0.03) s.s. 
:'.27(1.63; 4.23(1.61) 0.03(0.06) N.S. 

3.16(0.3") 3.17(0.40) 0.06(0.03) s.s. 

li. 7 a 17.71 0.13 s.s. 
76.87 75.32 0.91 s.s. 

1.05 1.05 0.002 !LS. 

1. 05 1.06 0.002 ~LS. 

1.06 1. CI, 0.001 S.S. 

0.52 0.52 0.02 s. S. 

5.47 5.55 0.07 !LS. 

1.1: 1. 12 0.02 !LS. 

0.33 0.32 0.01 s. S. 

':'l . ,""C lolo 8.t. :J.2é ~â. 5 . 

49.20 49.11 0.33 S.S. 

Pr!De euta plus .?ar~ r!b •• E1dn~y. 

L!°J'er. Sh.a:=1u. Fat, l-~u.c"le. 

~.~~ C~ :~~5 ?r!cre ~curte.y C&n~a 

?a.ci:e:-. Co .• w...c!'.:r~ .. : 
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slightly decreased and backfat measurements at the mid-back position were 

slightly increased in response ta CHQ supplementation. However, the data does 

not support the findings of Hanson et al., (1955) and Clausen e:: at-., (1956) 

who claimed that the inferior carcasses obtained with antibiotic supplementation 

under ad Lib feeding was due ta an increased apretite and excessive fatness. 

As anticipated, marked differences were ooserved between weigitt 

classes in the majority of items investigated (Table 7). Exceptions as "ill 

be noted included fasting and cooler shrinkage, specific gravit)' of trirruned 

prime cuts, and prime cuts as percentage of side weight. The sizeable increase 

in loin eye area (P<.Ol) with increasing slaughter weight undoubtedly is large

ly responsible for the decrease in fat to lean ratio from loin tracings b~

t',Teen 56.7 kg and higher slaughter weights (P<.05). However, with the excep

tion of shoulder fat thickness, fat thickness increased considerably (P<.Ol) 

in carcasses from animaIs fed ta heavier weights. In the case of shoulder 

back fat thicLness tile mul tiple range test revealed no meaningful increase in 

fat thickness between the 79.4 and 90.7 kg slaughter wei~ht classes. The 

weight of prime cuts (ham, shoulder, loin and belly) increased considerab1y oc

tween slaughter weight classes (P<.Ol). Similarly significant increases werc 

noted in the fat tricmed from aIl prime cuts. (P<.Ol). It is noteworthy a150 

that there was a trend towards a decrease in prime cut yield as a percent age 

of side weight as slaughter weight increased. Although differenccs 1ackcd 

statistical significance they tend to support the results of Brooks ~: ~~., 

(1964) •. :ho found a continuous àecline in carcass yie1d of lean and pri;;:~l cuts 

aS slaughter weight increased from 50 to 200 lbs. 

A cooparison of tne productive efficienc:: of carcass CO!:lt'0IH::1t:~ to 

various slaughter .·eig:1ts in ter!:lS of curnmu1ative feed consU!!I?t ion i5 5:10· .. ·:: in 

TaLle 8 and is dis?layed ~raphicall:: in ri~ure 5. The producti~c efficie:ll y of 
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Table 7 !iean alaughter and carcan clata for crollSbred plga fed ta varlous slaughter ve1ghts 

Ite1ll 56.7 

So of anima1s 24 

Slaughter data 

Ave Hot Carca •• velght (kg\ 39.24 a 

Shrlnlr. (1) 

Fastlng 3.79 
Coo1er 2.18 

Dres.lng (1) 

Hot C&rcasa 70.51
a 

Co1d Carealls 68.9S· 

Careasa data 

Length (cm)l 69.60& 

·Jldth <c,.)1 28.72
a 

Loin "eye'" Area (sG =)2 16.90· 

Fat/1ean rat 10 
2 

1.S0
a 

Rack fat thlckneu (cm») 

shoulder 2.96 a 

.. Id-baclr. 1.57& 
10 ln 2. )la 

Pr 1=u~ 
4 

(kg) eut" 

H.l:o (tri,.) 4.1S& (O. 23&) 
SMu1de r (t<1=) 3.40& (0.69 4

) 

Loin (tri .. ) 3.14&(1.05&) 
aelly (t < 1,.) 2.28&(0.23a ) 

total 12.97· 
: of 'Ide 71, • .,8 

Sp4!c~!L: gr.1vlcy «rl_ed cu:.) 

H .... 1. 05 
Sh:lul.1ct' 1. 05 
Le ~n 1. co;, 

. \t :1(-r CC":l~~ ... n: • (ir·it) 

L..- .. ! ta:: 'j. J:') 
Hc:'4.! '.~ 

~ : ~~A L ~'''f"r 
l!.:!:':CT~ r •. 2:.1 

7;:,t. .. 1 .&lt..a~:~ :",,";-Joo:r.~"':.: Ct ~ .. ~! 1:. ; j'" 

c.a~ ::'.ll.a~ .. :! ..... c ' S , ),:: . :.-.. 

Slaughter Welght (kg) 
Slgn if lcance 

68.0 79.4 90.7 S.E. of F 

24 24 24 

48.4"b :;9.91 c 68.89
d 

0.45 * * 

4.72 4.02 4.27 0.36 s.s. 
2.73 3.00 2.54 0.26 S.S. 

73. 45~ 77.86 c 78.78c 0.62 
71.42 75.52 c 76.77

c 
0.61 * * 

73. S6 b 75.08 c 78.05 d 0.27 * * 

30.66
b 

33 .10c 34.8Sd 
0.23 * * 

20.26
b 22. )2c 25.55

d 
0.42 * * 

1.30
b 1. 3S" 1.31 b O.OS 

3. 35~ 3.63c 3.66~ 0.10 
1.83

b 
2.21 c 2.31

d 
0.07 

2. S9 3.00
c 

3.38 0.08 

5.09~(0. 35~) 6.1: c (0.350) 7.22:(0.42~) O.Oh(O. ) * *(* 
:'.19

b
(0.a7

b
) 5.:: cil.: 3c ) 6.00

d
(1.39

d
) 0.07(0.1) * *(* 

3.81
0

(1.38,,) 4.~.:.C.'.l.Ij()c) 5.46
d

(2.26
d

) O.()/)(0.7) * *(* 
2.87 (0.32") J. )~c(Q.~7c) 4.03 (0.60 ) 0.07(0.4) * *(* 

15."~ " 
76. } 1 

l.1)': 

l.1i5 
;.'Jo'> 

.). -~ 
~ "'. ~ :. 
.J.J! 

.). ~ ~ 

'J. a::. ... 

':; . i~:: 

~- . .;. J' 

Ilj.4'je 22.71 d 0.15 * * 
75.90 74.80 1.05 S.s. 

1. 05 1.05 0.002 S.S. 
! . (J~ 1. D'J 0.003 S.S. 
~. '"~. l.0I> 0.001 !I.S. 

~ .. ) ':. c... j'joc Ij.O~ 

' .... '~I; : 4; .• S~ I! 0.08 
1. :;': l.14

d 1).02 
:'. j) C - .. ~ O.ü! J.'" 

.. ~. ; 7'" ~). #:.. ...... O.l2 

53. ;~ ( ~;; . a ~~ ~.H 

?r:':«<> .:~t. ;:.::.a ';'.:'~ :-:.:. •• it.~t!..-:.4:':r •• l!v~r •• h,4:-..... 

~ .. t. • =::..J.:. «-lot' .. 

! .. .c-~ <;.~ l~) ;.r:.:~. C.~-:";'::oI!'T :-~ c.....:.A>.:!A l'.cur. Cc.. 
~~:re .. ! 

a!:::! ~a::., ~~.~ ... '.~:"' .• !:.~!~!'~: .... ::..-:'.':r~;...t • .ar • 
• :.~:.!:.: .. ~:l,· ~;~!.r~.: (r - ~~! 

*) 
*) 

*) 
*) 



Tnhll' B Tht.· Inf lucncc uf slaughtcr \'lCight on conversion of fced tu saleable carcass components 

Slaughter \~eight (kg) 

Ill'm 56.7 68.0 79.4 

No 1111 l mnl s 24 24 24 

~\·t'd ('\lnHllmpl lon (k ~~/hd) 109.19 156.10 197.16 

l'r l Olt' l'ut y 11·1 dl ('/lrCilSS (k~) 25.91. 31.90 38.98 

'1'0 t il 1 sa 1l'ah Il' ('llmponent S (k~) 30.74 37.78 45.77 

Hill los: 

Fl'l'd/prll111' culs 4.21 4.89 5.06 

Ft'l'd/sa le;lh le cnmponeuts 3.55 4.13 4.31 

t:_r_l~ l_l~l-,: '_l'-l~ ly.s. : (?: ) 

l'rlme l'utslfcl'd consumed 23.71.> 20.43 19.77 

Sall'nhll' comp/fel'lI consumed 28.15 24.20 23.21 

90.7 

24 

245.13 

45.42 

53.64 

5.40 

4.57 

18.53 

21.88 

CI:) 
u 
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~c 
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'" '" ' .... 
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prime cuts was observed ta decrease from 23.8% to 18.5% as slaughter ~~ig!lt 

increased from 56.7 to 90.7 kg live weight. T;w decrease in product i V2 cf·-

ficiency of saleable components with increasing slaughter weight folloved a 

similar trend. Thus, it id clearly evident tnat more fced input is requir~d 

ta produce a given v'eigilt of saleable carcass components as ;,laughter I!eigilt 

increases. This decrease in efficiency of conversion of feed ta saleable com-

po~ents is due in ~art to the increased maintenance costs of heavier animaIs 

and tne shift in growtil gradient oet\ . .'een fat and lean tissue. 

Simple correlation coefficients ~ere calculated for certain carcass 

measurement and eut-out data and are shown in Appendix Table I. Tlle majority 

of selected variables were !lignly correlated (P<.Ol) with prime eut yield, total 

saleable components, total fat trim and calculated carcass value. An excc~tion 

~-a.;; fat/lean ratio from tile loin cross section t:racing, ~!hic:1 \-laS positivel:' 

correlated with total fat trim but ~ot of 3ufficient ~agnitude ta be statisti-

cally significant. Similarily, specifie gravit y measurements failed to display 

any significant association wit!\ yield of prime cuts, or total fat tri!"!. lt 

should be indicated, however, that the specifie gravit;.' measurement ,las deter

mined on t!"le "trinuned" commercial cuts fro:n tile left side. Undoubtedly th..: 

relationship between specifie gravit y and prime eut yield as ~ell as ot~er car

cass qualit;: factor.;; \.as influenced by the removal of excess suocutaneQus fat 

and skin which t~ereby reduced the variation in specifie gravity. 

extrèmely high corrêlations were noted beth-een certain linear ::leaSUrét:1ents a:-le! 

carcass qualit:: as indicated by prime eut yield, total fat tri~ and calc-'llatLd 

value. For eX3.'llple, lengt:', depth, loin eye area and loir. area X carcas,. ]",.;:tl1 

de:"1onstrated :1i~hl:: significant correlation coefficients (?-=.Ql) in rcla:i:·:-. :0 

~rit:1e eut yield ~ith r - 0.89, 0.88, 0.83 and 0.89 respective1::. ! :1 t ,_~ r c :; t : :l ~~ ; '," • 

t::c correlation bet",-een 10i:1 e::e area X carcass l.:!:1l!t;1 éxcceckd t;~è ",a~:.i :'1:;" 
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of each independently. Since this combinat ion gives an approximation of the 

X. wn.ç:issirzus doY'si volume, the observed higher correlation ,·JQuld support 

the rationalization made by Pomeroy (1965) that it would be more sensible ta 

combine linear measurements ta give measurements of volume. 

The rel~tionships between caliper backfat measurements and fat trim 

from individual cuts, although highly significant (P<.Ol), were of lesser mag

nitude than anticipated with "r" values ranging bet\.:een +0.24 and +0.74. This 

is furtÏler exemplified through the superiority of individual fat trim correla

tions with total fat trim as compared ta the correlations for caliper backfat 

thickness and total fat trim. Thus it is understandaule why estimates of body 

composition based on lean meter or ultrasonic measurements taken on live ani

maIs leave considerable to be desired (Harrington, 1958a,h; Stouffer, 1963). 

The effect of selected independent variables on the yield of prime 

cuts expressed as standard partial regression coefficients is displayed in Ap

pendix Table 2. Trimmed ham weight, and carcass weight alone accounted for 

97.8% of the variation in prime cut yield. Inclusion of harn fat trim, carcass 

depth, carcass length, dressing % and loin eye area only increased exp1ained 

variation ta 98.5%. 

Summarv: 

A. Sex: 

1. Significant differences were not observed bet~een sexes for fasti~g 

shrinkage, coo1er shrinkage, dressing percentage. carcass 1engt;1, car

cass wiàth and ~eight of total prioe cuts. 

2. Tile yield of tri~ed ha:n "."as hi~hcr (P<.05) fro:n gUts tna:-t ~drr·r;·A·:~, 

~hile tri~cd shoulders and loins tended to be heavier in ~ilts but 

the diffcrences ~ere !"lot significant. 
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3. The yield of prime cuts (as a % of side weight) was significantly 

(P<.OS) higher from carcasses of gilts than from barrows. 

4. There was a significantly (P<.Ol) greater amount of fat trimmed fro~ 

loins and shoulders of barrows, and from bellies of gilts, while no 

difference was noted in the fat trim of hams. 

5. The carcasses from gilts had superior loin eye areas (P<.Ol). lower 

fat/lean ratios (P<.Ol), and thinner backfat (P<.Ol) than those of 

barrows. 

6. Significant differences between sexes were not observed in specific 

gravit y of trimmed cuts. 

7. Carcasses of gilts yielded more total saleable components (P<.OS) 

and hence had a higher calculated value (P<.OS) than those of barrows. 

B. Chlorhydroxyquinoline (CHQ): 

The only significant difference observed in carcass quality attribu

table to CHQ supplementation was a decrease in loin eye area (P<.OS). 

C. Slaughter weight: 

1. Significant differences were not observed between slaughter wei~hts 

for fasting or cooler shrinkage, % yield of prime cuts. or specifie 

gravit y of trimmed cuts. 

2. Successive Increments in slaughter ~eight resulted in significant in

creases in dressing % (P<.Ol~ lengtil (P<.OI). width (P<.OI), loin eye 

area (P<.OI). fat/lean ratio (P<.OS). backfat thickness (pc.OI). weight 

of ?rime cuts (P<.OI), fat trim (P<.OI), total saleablc components 

(P<.OI) and calculated carcass value (P<.OI) 
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3. The productive efficiency of prime cuts and total saleable components 

decreased with successive increments in slaughter weight. 

D. Correlation and rregression: 

1. Simple correlation coefficients calculated between various carcass 

measurements and eut-out data were in general highly significant 

(P<.Ol). Exceptions were fat/lean ratio from the loin tracing and 

specifie gravit y of trimmed cuts. 

2. Multiple regression analysis revealed that carcass weight and trimmed 

ham weight accounted for 97.8% of the variation in prime eut yield. 

Inclusion of five additional independent variables only slightly in

creased the amount of explained variation. 
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4.3 ~~ATOMICAL DISSECTION 

Knowledge of the differential rate of growth of the 3 major tissues 

(bone, muscle and fat), and the consequent changes in proportional composi

tion of the carcass in response to treatment is of paramount importance. Ac

cording to Palsson (1955), arnong the numerous factors which contribute to meat 

quality the one of universal importance is proportional composition in terms 

of bone, muscle and fat. The proportional composition data obtained through 

anatomical dissection of harns, middles and shoulders (cut by the ROP method) 

obtained from the right hand side of carcasses of barrows and gilts are pre

sented in Table 9 and in Appendix Tables 3 through 5 inclusive. 

From the data presented in Appendix Table 3 it is clearly evident 

that there were no meaningful differences between sexes in terms of gross pro

portional composition of harns. Similarly, only minor differences were found 

to exist between sexes in terms of gross composition of middles and shoulders 

as shown in Appendix Tables 4 and 5. In aIl cases however, there was a 

greater amount of total dissectable muscle in cuts obtained from the carcasses 

of gilts vs barrows. On the other hand there \·las an increased amount of dis

sectable suocutaneous and intermuscular fat in cuts obtained from barrow vs 

gilt carcasses. Random variation however, was of sufficient magnitude to prc

vent these differences attaining statistical significance. The ratios of 

weights of dissectable muscle, fat and bone revealed that cuts obtained from 

gilt carcasses contained proportionally more dissectable muscle and less sub

cutaneous and intramuscular fat as compared ta similar cuts from barrow car

casses. This is further demonstrated in the cummulative anatoQical cornpositio~ 

data for the total right-hand side of the carcasses (Table 9). Subcutaneous 

fat and skin as a percent of side ' ... eight and trle ratio of suocutaneous fat to 

banc .. ere found to De significantly (P<.05) IO'A'cr for gilts as co:nparcd ta 

barro·.·s. 
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Table 9 The influence of sex on anatomical composition of 
the total right side of carcasses 

Variable 

~umber of animaIs 

Total weight of side (kg) 

Dissection data 

~luscle: 

Total weight (kg) 
% of side 

Suocutaneous fat & skin: 

Total weight (kg) 
% of side 

Intermuscular fat: 

Total weight (kg) 
% of side 

Sones: 

Total weight (kg) 
% of side 

Ratios: 

:'luscle/bone 

Subcutaneous fat/oone 

Intermuscular fat/bone 

Muscle/subcutaneous fat 

~tuscle/ in termuscular fat 

Muscle/total fat 

1 S.E. Standard error 

Sex 

Barrows Gilts 

12 

22.27 

8.410 
39.31 

6.532 
30.37 

3.420 
15.89 

2.218 
10.43 

3.78 

2.92 

1.53 

1.29 

2.49 

0.85 

12 

22.73 

8.952 
41.48 

5.897 
27.22 

3.237 
14.93 

2.325 
10.93 

3.81 

2.52 

1.38 

1. 55 

2.79 

0.99 

l 
S.E. 

0.44 

0.115 
0.61 

0.200 
0.84 

0.092 
0.39 

0.035 
0.18 

0.07 

0.10 

0.05 

0.07 

0.10 

o J14 

S ign if i cance 
of F 

N.S. 

* * 
* 

:\.S. 

* 

N.S. 
:LS. 

~.S. 

~.S. 

~.s. 

* 
: ... S. 

~.s. 

* 
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This data substantiates observed differences in commercial eut-out 

from the left side of the carcasses and supports the findings of 0ther workers 

(Lucas et aZ., 1956; Bowland et al., 1959; Buck et al., 1962; Blair et aL., 

1965) who found that carcasses from gilts were generally superior to those ob

ta ined from barrm·:s. 

The influence of CHQ supplementation on anatomical composition of 

the various cuts is presented in Table 10 and in Appendix Tables 6 through 8 

inclusive. The ratio of intermuscular fat to bone in haros decreased signifi

cantly (P<.05) with increasing levels of CHQ supplementation. Hm·,ever, signi-· 

ficant differences were not observed in any of the other varia:,les studied in 

relation to anatomical composition in response to CHQ treatment. 

The influence of slaughter weight on anatomical composition of the 

various cuts is presented in Table Il and in Appendix Tables 9 to Il inclusive. 

As anticipated there was a highly significant (P<.Ol) increase in the weight 

of aIl separable tissues as slaughter weight increased. HO\vever, with the ex

ception of intermuscular fat to bone ratios in hams and muscle to bone ratio 

in middles, no other meaningful differences existed between ratios for tÎie 

various slaughter weight classes. Although the magnitude of differences was 

not sufficient to be statistically significant, there was a trend toward an 

increased subcutaneous and intermuscular fat to bone ratio with successive in

crements in slaughter weight. TIlis, togetiler ·~·it;l the increase in muscle to 

bone ratios up to 79.4 kg followed by the decrcase to 90.7 kg suggest the ex

istance of diffèrential gro~tngradients for the various tissues. 

Furtner evidence of a differential gro~th gradient bet~een muscle, 

fat and bone is observed ~hen the mass of tissues at various '~'eigalts an: plotted 

as a percentage of the respective tissue nass at 56. ï kg as sho~::1 in ?i~u["(: 6. 



Table 10 The influence of C.H.Q. treatment on the anatomical 
composition of the total right sicle of the carcass 

89 

-----

C.H.Q. level (gm/ton) 5ignificance 1 Variable 0 62.5 125 5.E. of F 

~umber of animaIs 8 8 8 

Dissection clata 

Total sicle wt (kg) 22.51 22.83 22.08 0.54 :\.5. 

~·lus cIe: 

Total wt (kg) 8.965 8.468 8.6ll 0.140 X.5. 
% of sicle 40.81 39.60 40.78 0.74 x.s. 

5ubcutaneous fat & skin 

Total wt (kg) 6.390 6.436 5.817 0.246 ~.s. 
°1 ,. of sicle 29.05 29.86 27.48 1.02 ~.s. 

In termus cular fat 

Total wt (kg) 3.354 3.354 3.277 0.ll2 X.S. 
% of sicle 15.43 15.51 15.29 0.48 X.S. 

Bones <}-
Total wt (bd 2.223 2.274 2.318 0.043 X.S. 
i; of sicle 10.29 10.72 11.04 0.22 x.s. 

Ratios: 

>1usc 1e/bone 3.99 3.70 3.70 0.09 :, . S . 

5ubcutaneous fat/bonc 2.84 2.81 2.51 0.12 x.s. 

Intermuscu1ar fat/bone 1. 50 1.46 1. 39 0.07 x.s. 

~u5e1e/subeutaneous fat 1.41 1.33 1. 53 0.08 : •. S. 

:iusele/ intermuscu1a r fat 2.66 2.57 2.70 0.12 :; . s . 

'-{use le / tot a 1 fat 0.91 0.87 0.96 0.04 ~; • S . 

------_.- -"-- - - -

1 S.E. Standard error 
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Table 11 The influence of slaughter \'leight on the anatomical 
co~?osition of the total right sicle of the carcass 

Slaughter ~oJeight (kg) Signi-
1 ficance 

S.E. of r: Variable 56.7 68.0 79.4 90.7 

-----------------------------------------------------------------------------------
~umber of animaIs 

Dissection clata 

Total sicle wt (kg) 

~luscle: 

total wt (kg) 
% of sicle 

Subcutaneous fat & skin: 

total wt (kg) 
% of sicle 

lntermuscular fat: 

6 

a 
0.147

b 
40.3l

a 

4.440
a 

29.04 

6 

8.274~ 
4l.28

ao 

5.634
b 

28.15 

total wt (k~) 

% of sicle 
2.3l5

a 
3.117

b 

15.16 15.52 

Bones: 

Ratios: 

t,)tal \o.'t (kg) 
% of sicle 

~uscle/bone 3.47
a 

Subcutaneous fat/bone 2.53 

Intermuscular fat/bone 1.31 

~!u:ic1e/subcutaneous fat 1.42 

~!usc1e/ intermuscular fat 2.67 

~usc1e/tota1 fat 0.92 

S.E. ~ Standard error 

2.l62~ 
10.79a 

3.83
b 

2.61 

1.4l. 

1.47 

2.69 

0.95 

6 

9. 74t 
41. 61 

6.639
c 

28.33 

3.565
C 

15.20 

2.68 

1.44 

1. 47 

2.75 

0.95 

6 

27.46
cl 

0.63 

10.558
d 

0.162 
38.38

a 
0.86 

8.l46
d 

0.284 
29.66 1.18 

4.3l6
d 

0.130 
15.76 0.56 

2.67S
d 

0.049 
9.74c 0.25 

3.95
b 

0.10 

3.06 0.14 

1.61 0.08 

1.24 0.10 

2.47 0.14 

0.85 0.05 

* * 

* * 
~.S. 

* * 
~.S. 

* * 
~.S. 

* * 
* 

* 
~.s. 

:.; . S . 

:,. s. 

:; • S • 

:;. s. 

abcd :neans disp1a:.-i;1g si::1i1ar superscri?ts .::re nat Si~:li~ica;1tl:-- di~~':r(:;_t 

(P"'.'J5) 
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lt is apparent from Figure 6 that the rate of subcutaneous and 

intermuscular fat deposition increased, while the rate of muscle and bone 

growth was retarded between 79.4 and 90.7 kg liveweight. This shift in 

grO'. .. th gradient is similar ta that reported by ~·lC:-leekan (1940) and Cuthbertson 

et al., (1962b). 

The shift toward increased fat deposition, together with a higher 

maintenance requirement for ~eavier animals resulted in a decrease in the ef

ficiency of muscle growth as shawn in Figure 7. The productive efficiency, 

in terms of muscle mass produced per unit weight of feed consumed, decreascs 

markedly with successive Increments in slaughter ~eight. 

The c~lculation of simple correlation coefficients for selected 

gross dissection data and certain carcass variables revealed several hi~hly 

significant relationshi~s as sho~~ in Appendix Table 12. The dissectable 

muscle, bone, subcutaneous and intermuscular fat from the individual R.O.P. 

cuts were highly correlated with the respective tissue weights in the total 

right hand side (P<.Ol), with observed "r" values ranging between +0.56 and 

+0.98. The highest correlations were between muscle content of t:le middle 

R.O.P. eut and total dissectable muscle from the side (r = +0.98), while cor

relations with muscle content of ham and shoulder were similar (r = +0.97). 

Correlation of bone content of individual cuts with total bone content of the 

side revealed a higner relationship with bone content of middles (r = +0.94) 

than with bone content of harns (r = +0.89) or shoulders (r = +0.78). Like

I.."ise, subcutaneous fat and skin in the total side displayed a higher correla

tio~ I.."ith suocutaneous fat a~d skin in middles (r = +0.97) as compared ta hams 

(r = +0.89) or shoulders (r = +0.92). lnterouscular fat content of total sièe 

· ... a!> not as hi~hly aS:iociated • ... itn inter:nuscular fat content or individual {~uts 
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as indicated by somewhat lower correlation coefficients. 

middle, r = +0.75; shoulder, r = +0.69). 

94 

(Ham, r = +0. 73 ; 

The association between caliper backfat measurements and dissectable 

subcutaneous fat content of individual cuts ranged between r = +0.57 and 

r = +0.81. Caliper backfat measurements at the loin position yielded higher 

correlation coefficients witil subcutaneous fat and skin content of ham and 

shoulder, (r = +0.77 and r = +0.81 respectively) \o:hile the mid-back measure

ment was superior in the case of middles (r = +0.68). Similarily, the loin 

backfat measurement was found to be more closely associated with total subcu

taneous fat content of the side (r = +0.74) than measurements at tile mid-back 

(r = +0.72) or shoulder position (r = +0.61). This t~nds to support MC:ofeekan's 

(1940) suggestion that backfat measurements at the loin position would be more 

accurate predictors of total fat content since it is the latest region of the 

body to develop. 

The ratios of lean/fat obtained from ham grid photos, and fat/lean 

from the loin cye tracings were found to llave low and insignificant correlations 

with separable tissue content of individual R.O.P. cuts or total right side 

of the carcass. Conversely, loin eye area, and loin eye area X carcass length 

yielded hi~hly significant correlations with the co~position of each cut as 

weIl as that of the total side. Also. as observed in the commercial cut-out 

of the left side of the careass. loin eve area X earcass length was more elose

ly associated ... ·ith the composition of each cut and total side than was loin 

eye area alone. 

As antieipated, eareass weignt · .... as hig:1h' correlated o_oith tot:ll 

dissectablc fat, ::lusel.: and ~()ne fro::! eae:l ~.O.? cut as · .. ·ell ;;5 frQ::' thé tot;::! 

sid., . 
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Standard partial regression analysis or selected variables witil 

total dissectable fat as the dependent variable is summarized in Appendix 

Table 13. The analysis revealed that over 89Z of the variation in total dis

sectable fat \.;as at tributable ta variations in ham subcutaneous fat plus skin 

and carcass wei~ht. The inclusion of leaf fat \.;eight and caliper backLit 

thickness (loin) account for a small improvement in predictive accuracy, but 

ham intermuscular fat, fat/lean rat io [rom 10 in tracing and speci fic <;ravi t .... 

of the ham accounted for very little of the variation in total dissectable 

fat. 

Summary: 

Anatomical dissec tian data revealed t!lat: 

1. There was a significantly CP <.01) greater amount of total dissectable 

muscle in gilt carcasses than barrow carcasses. 

2. Carcasses from barrows yielded a significantly (P<.05) higher subcutaneous 

fat/bane ratio, and lower muscle/subcutaneous fat, and muscle/total fat, 

than did carcasses ~rom gilts. 

3. CHQ supplementation resulted in a si~nificant (P<.ù3) decrease in tne ratio 

of intermuscular fat/bone. Significant differences were not observed for 

any otner variables in response to CHQ supplementation. 

4. There \oras a highly significant (P<.Ol) increase in the wei~ht of aIl separ.:1-

ble tissues \o:ith successive Increments in slaughter weight. 

5. Titere was a signif icant (P< .05) increase in the ratio of intermuscular 

fat/bone, and s.Jbcutaneous fat/bone as slaug:lter weight increasl:d frù!i 

79.4 to 90.7 kg. T;.e muscle/bone ratio increased significantlv (l" .uS) 

\o'it;, succ.:!ssi .... c incrcments in slaughter \o.·cight from S6.7 tL' 79.':' ~:g, :.llt 

was not i~creased bet~cen 79.4 and 90.7 kg. 
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6. The rate of subcutaneous and intermuscular fat deposition increased ~hile 

the rate of muscle and bone growth decreased between 79.4 and 90.7 kg live

weight. 

7. The productive efficie~cy, in terms of muscle mass produced per unit weight 

of feed consum~d, decreased markedly \vitll successive increments in slaughter 

weight. 

8. Tàe dissectable muscle, bone, subcutaneous fat~ and intermuscular fat from 

the individual R. O. P. cuts \vere hiZhly correlated (P<. 01) with the res-

pective tissue weights in the total right side of the carcass. (Appendix 

Table 12). 

9. The ratios of lean/fat obtained from ham grid photos, and fat/lean from 

the loin eye tracings yielded low and insignificant correlations with 

separable tissue content of individual R.D.P. cuts or total right side. 

(Appendix Table 12). 

10. The loin eye area, and loin eye area X carcass length yielded highly sig

nificant (P<.Ol) correlations with the composition of eacll R.O.P. cut as 

weIl as that of tile total side. (Appendix Table 12). 

Il. The carcass weight was highly correlated (P<.Ol) with total dissectable 

fat, muscle and bone from each R.a.p. cut as weIl as from the total side. 

(Appendix Table 12). 

12. Standard partial regression analysis of selected indcpcndent variables 

revealed t:lat over 89;; of the variatioi1 in total dissectablc fat ' .. as at·· 

tributable to variations in ila!!l subcutaneous fat plus 5;':in, and carçass 

...:cight. T.,e predictive accuracy .,"as increased ta 92.0;; by t;l;:' inclusion 

Int(;r::Juscu~<.!r 

fat, s;>ecific ;;ravity and fatllean from the loir. tracing acccunted for ':(:r:: 

little of th~ ~ariation in total dissectable fat. 
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4. 4 PROPORTIO~AL GRŒITH or I:-JDl'lIDt.:AI.. ~mSCLES 

The relativE: \·:eights of the various individual muscles are summar

ized by treatments in Appendix Tables 14, 15, and 16. 

Sex differences were not as pronounced in the present study as those 

reported in earlier studies. (:lc~leekan, 1940a; Pomeroy and Cuthbertson, 1962b). 

However, there was a genera1 trend toward !1eavier weights for similar muscles 

obtained from gilts as compared to barroHs. The magnitude of these differences 

attained statistical significance in t~e case of ~ec~~~·;:~: (pc.Dl); ~so~c ~a!or 

and i li:zcU8 (pc. 05); CaD trocnel"'/i US, Sa leu;; and 3,-!per.'-ic:'.7.l ii?i. t:zl .--Zexoy· 

(pc.OS); COY'aco brachi'1Zis (pc.OS); and rect:œ czpir;us aO!'.o::ali3 (minor and major) 

(pc. 05). Thus, it is apparent that gilts have superior r:lUscling at tile same 

1 ive weight as compared to barrm.}s. Lon? ic.o::ir..J .. 3 é),'c;r'si fiber diameter failed to 

reveal any differences between sexes. 

Chlorohydroxyquinoline supple~entatio~ had no neaningful beneficial 

influence on individual muscle growth as is evident fron Appendix Table 15. 

Al though stat is tically significant differences were noted for S:.zrt,,;!'i".A.s (pc. 05); 

.'-Z':;':::O!' iig:rx:.Zi8 ZêPi.g .... S (pc. (5); :Ï'arezi.:<;; (pc .05); 3--<:- :''';'.;: .• 2Yi.aC:A.'! (pc. 05); 

(anterior and posterior) (pc. OS), there ~as no consistent trend in direction or 

magnitude of differences. T~us, it would see~ likely that observed differences 

... ·ere proJably due to cilanc€: var i.2 tian. 

The influence of slaughter ~ei~ht on ~uscle develop~ent is clearly 

evident from the data presented i~ A~pe~èix Ia~le 16. As anticipated, individ

ual muscle weicht increased directly ~it~ successive incre~ents in slaug:~ter 

· ... eight. The ~ajorit:: of differences :'et·.·:een :-:uscle ·,:.::dg::t at ':arious slaug:,ter 

~eights w~re highly si~nificant (pc.DI). 
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The application of Duncan's multiple range test to various mean 

muscle weights revealed several muscles which did not substantially increase 

in weight between 79.4 and 90.7 kg, \'lhile others demollstrated continued grmo,/th 

as slaughter weight increased. 

The variation in individual muscle growth is further demonstrated 

in the comparison of the proportional growth of selected muscles from harn, 

rniddle and shoulder regions of the carcass expressed as a percent age of their 

mass at 56.7 kg as presented in figures 8, 9, and 10 respectively. The widely 

divergent growt~ gradient for muscles within each re~ion are readily apparent. 

Cuthbertson and Pomeroy (1962b) reported that there ;..ras no outstanding dif-

ferences in the development of muscle groups within the hip and thigh region. 

Likewise their data showed that groups of muscle within the shoulder girrlle 

showed little variation in development with age, but within those groups which 

make up the muscles of the shoulder there was greater variation with a~e. The 

general pattern of growth gradients for musculature, as proposed by ~cHeekan, 

(1940a) and generally supported by Cuthbertson and Pomeroy (1962b), could be 

mis1eading in view of the divergence observed in individual muscle growth gra-

dients in the present study. Furthermore, because of tile increase in intra-

muscu1ar fat (marbling) at heavier weights (Harrington, 1958a,b) it is likely 

that the apparent late development of certain individual muscles such a:3 Z::.::: ::.-;-

an increase in intramuscular fat. It is note\.lorthy tilat tilere was a tn:nd to-

\o,'ard an increased content of extractable lipid fro::l 
... .. . . 
i-::;>:;-;-:...~.:?:'"::".-; .:C:';~:' as slau~h-

ter ..... eight increased as sho· ... n in Table 17. This trend, together · ... ith an :lp-

parent decrease in ::loisture content ... ·itn successive incre::lents in slaugiltér 

..... eight agrees in principle but is of greater oagnitude tnan tilat pr<:·.lÏousl"· 
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reported by Lawrie et al., (1964). Visual observation of various muscles 

suggested a considerable variation in intramuscular fat content Det~,'een muscles 

over the range of slaughter weights studied. Unfortunately, no quantitative 

measurements of "marbling" were obtained. 

, . 
Since musculature within different regions of the body develor at 

differential rates, it would be erroneous to use any one muscle, or even small 

groups of muscles, to provide a predictive index of the entire muscle mass of 

a carcass. This would be especially true where certain cuts have been used to 

provide an index as a basis upon which to measure the influence of various 

nutritional factors on carcass composition. This lends support to the studies 

reported by Callow (1962) , .. here it was reaso:1ed that there were no adequate 

short cuts in studies desi~ned to measure meat quality. He states as [ollows; 

"It will be necessary to dissect the whole side or carcass joint by joint, 

tissue by tissue, and muscle by r.lUscle." 

In spite of the ab ove comments, reasonably high correlations \·.'ere 

found between certain selected muscle weights and total dissectable muscle 

content of the side OlS shown in Appendix Table 17. lt is obvious ho\ .. cver, 

that higher correlations are cOIllIlon to heavier individual muscles. An excc,p'-

tion is the weight of ;8oa:; ."l'l.;01> plus ::>:-~c~<.? (Appendix Table 12) \o:hich dis-

played a highly significant correlation of r = +0.94 with total dissectabl~ 

muscle of the entire side. Severt~eless, higher corrc,lations were obscrvcd 

(r = +0.95) and total dissectable muscle i:1 the side. 

The selccted !:Iuscles also displa::ed higol:: significant r:orr<d;ltin~s 

Io·ith the .... eight or individual P..O.P. cuts (r .: +0.68 to ~.9Ï). Ho·~·(:v<:r. ~:l'~ 

.... ei~hts of individual cuts theoselves Io'ere found ta dispL1:: correL1tiü:1'i 0: 

nearly e<;ual !:Iagnituee Io'itn the cocposition of t:\l: total siee a9 ;,;as foune: :,:r 

individual ::luscles. 
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observed for obZi~uus ·:::.bdorninus with the weight of individual R.O. P. cuts and 

the composition of the total side (r = +0.55 to +0.77) is probably a reflec

tian of divergent growth patterns of this individual muscle as dispiayed in 

Figure 9. 

The correlation between specific gravit y or the reciprocal of specific 

gravit y and composition of the total side \ ... as generally 10\.... Only in the case 

of the ham were the correlations with total fat, muscle and bone found to oe 

of significant magnitude (r = -0.41 ta -0.54). Specific gravit y of the middle 

yielded a significant negative correlation only with total subcutaneous fat 

and skin (r = -0.42) and intermuscular fat (r = -0.51), w!lile specific gravit y 

of the shoulder was associated significantly only '-dth total intermuscular fat 

content of the side (r = -0.42). Contrary ta reports by Harrington (1958) the 

use of the reciprocal of specific gravit y did not increase the correlation. 

However, i t is noteworthy that a signi ficant correlation exis ted bet\"cen t;le 

reciprocal of specific gravit y in the rniddle and percentage drip 1055 on cook

ing (r = +0.41). Percentage drip 1055 was not found ta be significantly as

sociated wit!\ total intermuscular fat content of the total side (r = -0.09) 

but approached a significant correlation with total dissectable muscle of t:1~ 

side (r = -0.32). 

The effect of selected independent variables on the total dissectao:c 

muscle expressed in terms of standard partial regression is summarized in A?

pendix Table 18. The inclusion of only carcass weight and disscctable r:Juscl" 

in tne ham accounted for 96.6;; of the variation in total dissèctable rnu,-.;cle. 

Incorporation of ::>:."::,";;:"7: • .:; .:'~:'.?: fibér diarneter, na::l st'ecific gravit:· . 

. -;: •. ,::> ' ... eignt, loin .. e ..... e" area X carcass len~th and naIn ... ·eigilt in tne <.:,;uatiü:1 

did not result in a meaningful improvement in the ?redictive accuracy. 
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simus dorsi fiber diameter yielded the lowest standard partial regression 

coefficient thus indicating it to be the least important of aIl independ~nt 

variables. Similarily, ham specifie gravit y and psoa8 ria.JO!' weight aiso demon

strated very lo~o] part ià! regression coefficients. Interesting.ly, loin "eye" 

area X carcass leilgth (an approximation of Zonç:issir'ius iorsi volume) yield~d 

a standard partial regression coefficient equal to that obtaine4 for carcass 

weight. (0.31). This tends to support pomeroy's (1965) suggestion that it 

would be more sensible to combine measurements to give measur~s of volume. 

Summary: 

A. Sex: 

1. Individual muscles from gilts tended to be heavier tnan those dissected 

fram barrO'.vs at the same slaughter weight. However, the magnitude of 

these differences only attained statistical significance in the case 

of pectineus (P<.Ol); psoas m.ajor and iUacU3 (P<.05); ;ê!:l.stroc>7.e'C:':I.:J, 

p.oZeus and superfic:i::.Z diç;i-;aZ .-~Ze:::or (P<.05); Coroco ol'(;ci:i::.Zis (P<.05); 

and rcctus capit~s dorsalis (minor and major) (P<.05). 

14) . 

(Appendix Table 

2. Significant differences · ..... ere not observed in Z:J>:2i33i',,~::.:...J!·.--::- fiber 

diameters between sexes. 

B. Chlorhydroxvquinoline (019): 

CHQ supplementation had no meaningful beneficial influence on individual 

muscle growth (Appendix Table 15) 

c. Slaughter weight: 

1. As anticipated. the oajority of individual oean trim::led rnuscl.:: ·,;~·ights 

increased in proportion to successive increoénts i:1 sl<lu~:1tér "':éig!,t 

(Appendix Table 16) 
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2. Multiple range test of me an muscle veights revealed several muscles 

which did not substantially increase in weight between 79.4 and 90.7 

kg. (Appendix Table 16) 

3. The proportional growth of selected muscles from different regions of 

the carcass, expressed as a percentag~ of their mass at 56.7 kg revealed 

widely divergent growth gradients (Figures 8, 9 and 10). 

D. Correlation and Regression: 

1. In spite of the differential growth of individual muscles, ~igh cor

relations were found between certain selected muscles and total dis

sectable muscle content of the side (Appendix Table 17). 

2. The mean weight of selected muscles was found to be highly correlated 

with t'le weight of individual R.C.P. cuts (r = +0.68 ta +0.97) (Ap

pendix Table 17) 

3. The correlation between specifie gravit y or the r~ciprocal of specifie 

gravit y and composition of the total side was generally low. (Appendix 

Table 17) 

4. The effect of selected independent variables on the total dissectable 

muscle expressed in terms of standard partial regression revealed that 

96.6% of the variation in total dissectable muscle was attributable ta 

carcass weight and dissectable muscle content of th.;! harn. (Appendix 

Table 18) 

5. Loin "e)'e" area X carcass lengt:-' (an estimate of :-:;':;?~.?3:'''7./..:; ';':';:'.~'. 

volume) yielded a standard partial regression equal ta that obtained 

for carcass weight (0.31). :'--::>:2:"-:':-;-':":: ~!>:::. f1her dia::teter, inr:l 

specifie gravit y, and ;-;:::;-:z --;:;;':':2> •• .-eight di5?la?~è la· .. · and !:1Sig:lif:cant 

standard partial re~res5ion coefficients. 
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4 . .5 ORGA.'WLEPTIC ASSESS~Œ~T 

The mean data obtained in cooking trials with sample loin roasts from 

barrows and gilts together with taste panel evaluations are summarized in Table 

12. Analysis of variance indicated that no significant differences existed be

tween sexes for any of the cooking or eating characteristics studied. Cooking 

losses amounted to almost 25% of the initial weight of loin roasts. Evaporation 

losses ranged from 15.6 to 16.3% for roasts from barrows versus gilts respect

ively. Drip 1055 was considerably lower and ranged from 8.2 to 7.8% for roast 

from barrows and gilts respectively. Although not significant, there was an 

apparent trend towards an inverse relationship between evaporation and drip 

losses with roasts from gilts displaying higher evaporative losses and 10\.Jer 

drip losses. Such a trend might have been anticipated in view of the variation 

in fat to lean ratio Let\.Jeen the two sexes. 

CHQ supplementation nad little effect on cooking or eating quality of 

loin roasts (Table 13). Although differences in evaporative 1055 and meat to 

juice ratio were of sufficient magnitude to be statistically significant, they 

may be unrealistic since roasts from each CHQ treat~ent were cooked and samplcd 

on different days. Even though the cooking procedure was standardized slight 

variations in "degree of doneness" may have been sufficient to account for the 

observed differences in evaporative los~ and expressable fluid. 

The influence of slau~hter weight on cooking and eating charactcristics 

is outlined in Table 14. Once again, as in the case of barrows versus gilts 

there was a trend toward an inverse relationship between evaporative los; and 

drip loss during the cooking process. Even though not statistically si~nific~nt, 

the data indicate a slight dec.rease in evaporative loss togetr.er 'A'ltn an ln(:n'"s(: 

in drip 10S5 as slaughter weight increased. This cou Id be a reflection of tn~ 

increased amount of inter.:luscular and/or intra!!luscular fat to lean ~t the :l""vi~r 

slaughter weights. Taste panel flavour score differences reveale~ tnat tnc =o~t 



Table 12 The influence of sex on cao king and eating 
characteristics of park loin roasts 

Sex 

Variable Barrows Gilts 

Signi
ficance 5 

S.E. of F 

No of animaIs 

Cooking 

Evaporation loss (%) 

Drip loss (%) 

Taste Panel 

1 
Juiciness score 

1 
Flavour score 

Tenderness 

1. swa110wing
2 

cilew count 

2. Complete mastication
3 

48 

15.6 

8.2 

5.6 

5.6 

21.3 

chew count 63.0 

Physica1 

:1eat / j uice rat io X 1004 15.6 

48 

16.3 0.40 N.S. 

7.8 0.42 :\.S. 

5.7 0.16 ,~. S • 

5.6 0.12 :\.5. 

21.8 0.62 ~.S. 

63.2 2.23 ~.S. 

16.3 0.78 :-;.5. 
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1 
Average for aIl tasters (6) based on range from 1-10 (Appendix Table 19) 

3 

5 

Average number of cnews ta point of swaliowing 

Average number of chews ta completely masticate 

Area of meat/juice taken from nydraulic press (2500 psi for 5 min) 
of cube of oeat on fiiter paper 

S.E. = Standard error 



Table 13 The effect of CHQ treatment on cooking and 
eating characteristics of pork loin roasts 

Variable 

Number of animaIs 

Cooking 

Evaporation 1055 (%) 

Drip 1055 (%) 

Taste panel 

1 
Juiciness score 

1 Flavour score 

Tenderness 

Swa110wing
2 

CHQ level (gm/ton) 

o 62.5 125 

32 32 32 

l6.l
ab 

8.1 7.6 8.3 

5.4 5.9 5.7 

5.7 5.4 5.6 

chew count 3 22.2 
Complete mastication 

22.4 20.0 
2. 

chew count 63.2 64.6 61.4 

Physica1 

~eat/juice ratio X 100
4 

108 

Signi-
5 ficance 

S.E. of r 

0.48 * 
0.52 N.S. 

0.20 N.S. 

0.14 N.S. 

0.76 ~.S. 

2.73 ~.S. 

0.96 '* * 

l 
Average for al! (6 ) based on from 1-10 (Appendix Table tasters range 19) 

2 
Average number of chews the point of swallowing to 

3 
Average number of che .... s completely mast ica te to 

4 
Area of meat/juice taken from hydraulic press (2500 psi for 5 min) 
of cube of meat on filter paper 

5 
S.E. = Standard error 



Table 14 

Variable 
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The influence of slaughter weight on cooking and 
eating characteristics of pork loin roasts 

56.7 

Slaughter weight (kg) Signi-
5 ficance 

90. 7 S. E . 0 f F 68.0 79.4 

Number of animaIs 24 24 24 24 

Cooking 

Evaporation loss (%) 

Drip loss (%) 

Taste panel 

1 
Juiciness score 

1 
Flavour score 

TenderneHs 

1. Swallowing 
chew count 

2 

2. Complete mastication 
chew count 

Physical 

~eat/juice ratio X 100
4 

16.9 

7.4 

5.8 

3 21. 3 

64.8 

13.3 

16.1 

8.2 

5.7 

21.4 

62.2 

13.1 

15.8 

7.9 

5.8 

6.0b 

21.4 

63.3 

15.0 

15.0 0.56 ~.S. 

8.6 0.60 N.S. 

5.3 0.23 ~.S. 

5.4a 0.16 * 

22.0 0.87 N.S. 

62.0 3.15 :.j. S . 

12.0 1.10 N.S. 

1 
Average for aIl tasters (6) uased on range from 1-10 (Appendix Table 19) 

2 

3 

, .. 

5 

Average number of chews ta the point of s ... :a110~{ing 

Average number of coews ta complete1y masticate 

Area of meat/juice taken from hydraulic press (2500 psi for 5 min) 
of cube of meat on fiiter paper 

S.E. = Standard error 
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flavourful roasts were obtained from carcasses in the 79.4 kg slaughter weight 

group while those from the 56.7 kg grour were the least flavourful. 

Summary: 

1. Significant differences in organoleptic properties of loin roasts were not 

observed between sexes, or levels of CHQ supplementation. 

2. Cooking losses amounted to about 25% of the initial weight of loin roasts. 

3. Evaporation losses during cooking were about twice as large as drip losses. 

4. There was an apparent trend toward an inverse relationship between evapora

tion and drip losses during cooking, although neither was of sufficient 

magnitude to attain statistical significance between sexes. 

5. CHQ supplementation failed to yield any meaningful response in organoleptic 

properties of loin roasts. 

6 Slight differen~es in evaporation loss on cooking and meat/juice ratio from 

pressed cooked meat samples \.;rere attributed to variations in the degree of 

"doneness". 

7. A slight but insignificant decrease in evaporation 1055, together with an 

increase in drip 1055 was found to be associated with successive Increments 

in slaughter weight. 

8. The flavour score for loin rcasts was significantly (P<.05) higher at 79.4 

k~ than at any other slaughter ..... eis:;ht. 

9. Significant differences in tenderness were not observed between sexes, C!lQ 

levels or slau~hter weights. 



4.6 CHEHICAL ANALYSIS III 

4.6.1 :-WSCLE 

General 

The summary of chemical analysis of the various samples selected from 

representative barrow and gilt carcasses are summarized in Table 15. The ulti-

mate pH of M. Zongissirrus dOi"si was found to oe significantly higher for bar-

rows as compared to gil ts (P< .05). Like\olise ext ractable lipid from :.J. Zonpissi-

mus dOi"si from barrows tended to be higher than that from gilts but lack statis-

tical significance. The crude protein content of ;'4. sel"1i-;en.di,zosus \.,1as found 

to be considerably higher in barrows as compared to gilts. (P<.Ol), rurther-

more, analysis of variance revealed that there was a significant (P<.05) inter-

action oetween sex and treatment and sex and slaughter weight for the sarcoplas-

mic fraction of U. Zon.gissimus dOi"si. No significant difference was observed 

in stroma and myofibrillar fractions of either muscle between sexes. Barrows, 

however, demonstrated a 3ignificantly higher (P<.Ol) nitrogen content in the 

combined stromal and myofibrillar fractions extracted from .'·f •• "e'rj:.r;.~;:t.:'1..i:03'U:;. 

Analvsis of variance revealed that CHQ treatment had very little in-

fluence on the actual cilemical composition of either ZOilgissi'77v.E :i:;'i';~~ or .3~'~~-

r;·:m·iinos~s muscles. One exception was the dry matter content of 
- . . 
!, Q;2~·:'.~:J -z...·,..7~<.? 

1::;1>,,: muscle which was shown to increase (P<.05) \·:ith increasing levels of CH~. 

(Table 16). 

The average ul timate pH of X. Z:;>:g:':;2i·~:,J.[!:'::,!·.c':' tended to decrease as 

slaughter weight increased as shown in Table 17 (P<.05). Dry matter percént:j~e 

.... as also observed te increase · .. :ith successive Increments in slaughter \.:eight 

(P<.Ol). Although not statistically significant, t;l(:!re • ... as a trend to'.:ard an 

increased. This trend is similar to that reported by Lawrie . 0964 ) 



Table 15 The influence of sex on various chemical analysis 
of :.J. ZOYi.gissi'1iuS doY'si and :·1. ae"'1:' t2;7.c."ir;oeU'J 

Sex 

Item Barro\\'s Gilts S.E. 3 

~o of animals 12 12 

M. Zongissimus a"o:flsi 

pH 5.65 5.54 0.03 

Extractable lipid (%) 5.55 4.61 0.54 

Dry matter (%) 26.30 26.39 0.18 

Crude prote in (%) 1 80.47 77 .66 1. 05 

Sarcoplasmic fraction (%)2 5.08 5.06 0.01 

Sarcoplasmic :~ con ten t (%) Il. 46 11. 21 0.19 

Stroma + myofibri11ar fraction (~~ ) 21.23 21. 58 0.30 

Stroma + myofibrillar ~ content (%) 13.20 12.70 0.22 

;'1. se "'1 i tené.i;:(~;; us 

Dry matter (%) 24.50 26.48 0.61 

Crude protein (%) 1 79.94 70.63 1. 50 

Sarcoplasmic fraction (%)2 4.73 4.88 0.14 

Sarcoplasmic ~ content en 11.19 10.69 0.21 

? 
Stroma + myofibrillar fraction co- 19.92 21.60 0.63 

Stroma + myofibrillar :, content (h) 12.79 Il.30 0.24 

1 Dry matter basis (~ X 6.25) 

'..'t of extractab1e dry matter/wet sam;:>le .... ·t ;.: 100 

3 S.E. Standard error 
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Significance 
of F 

* 
~.s. 

~.S. 

N.S. 

:-J.S. 

~.s. 

:-J.S. 

~.S. 

:-='5. 

* * 
X.S. 

~, .5. 

X.S. 

* * 



Table 16 The influence of CHQ treatment on various chemica1 113 
ana1ysis of ;'1. Z.ongissirrrus dOi'2i and .'.J. se.>nitenJ.i;z03U.3 

CHQ 1eve1 (gm/ton) 
Signifi-

3 
cance 

Item 0 62.5 125 S.E. of F 

No of anima1s 8 8 8 

;'1. ton(jis 3 ùrrus aar'si 

pH 5.62 5.56 5.60 0.04 ~, . S . 

Extractab1e lipid (%) 5.77 4.90 4.57 0.67 N.S. 

Dry matter (%) 25.78
a 26.21 a 27.05

b 0.22 * 
Crude prote in (%)1 78.78 79.08 79.34 1.29 N.S. 

Sarcop1asmic fraction (%/ 4.92 5.02 5.26 0.10 :-J.S. 

Sarcop1asmic N content (%) 11. 5:> 11.34 11.18 0.24 N.S. 

Stroma + myofibri llar fraction <;;)2 20.87 21. 57 21. 79 0.37 N.S. 

Stroma + myofibril1ar :01 content (%) 12.85 12.97 13.03 0.27 N.S. 

"·f. 2e",,:i tenàin:Js US 

Dry matter (% ) 26.15 24.91 25.42 0.75 :\.S. 

Crude prote in (%) 1 72.62 75.17 78.06 1. 84 N.S. 

Sarcop1asmic fraction (%) 2 4.71 4.87 4.83 0.18 :\.S. 

Sarcop1asmic N content (%) 10.79 10.94 11.10 0.25 : •. S. 

St roma + myof ibrillar fraction (%) 21.43 20.28 20.58 0.78 :,. S. 

Stroma + myofibrillar .. content (;; ) 11.62 12.02 12.49 0.29 ~;. s. 

-_. __ .- - ---" 

1 Dry matter basis (S X 6.25) 

2 th of extractab1e dry ûlatter/ .... et sa::lp1e ·~·t X 100 

3 
S.~. = Standard error 



Table 17 The influence of slaughter \veight on various chemical 
analysis of:.J. lO'i1{Jissi''1us dol'si and ,.:. se."I:'teniinosu3 

114 

Item 56.7 

No of animals 6 

l'.J. longissirrzus Ml'si 

pH 5.70a 

Extractable 1ipid (%) 4.50 

Dry matter (%) 25.98 a 

Crude protein (%)1 80.62 

Sarcop1asmic fraction (%)2 4.75 a 

Sarcop1asmic N content (%) 10.81a 

Slaughter Weight (kg) 

68.0 79.4 

6 

5.00 

25.10
b 

77.63 

5.l9
b 

1l.44 b 

6 

5.33 

78.74 

Stroma + myofibri11ar 
fraction (%)2 21.22ab 

Stroma + myofibri1lar 
nitrogen content (%) 13.37 

M. se"litendin~Bus 

1 

Dry mat ter (%) 

Crude protein (7.)1 

24.28 

78.53 

Sarcop1asmic fraction (%)2 4.57 

Sarcop1asmic N content (%) 10.50 

Stroma + myo~ibri11ar 
fraction (%) 

Stroma + myofibril1ar 
nitro~en content (7.) 

Dry matter basis (S X 6.25) 

20.02 

12.56 

12.66 

24.58 

76.03 

5.13 

11.20 

19.45 

12.16 

2 
T~t of extractab1e dry oatter/ .... et sa:nple · .. ·t X 100 

3 
S.E. - Standard error 

12.89 

26.85 

73.68 

4.77 

10.88 

22.09 

11. 78 

90.7 

6 

Signi-
3 fical~ce 

S.E. of J. 

5.46
b 

0.04 * 

5.50 0.77 ~.s. 

26.66
d 

0.25 * * 
79.28 1.49 ~.S. 

5.15
b 

0.12 N.S. 

11.83b 0.27 ~.5. 

21.53 ab 0.42 * 

12.88 0.31 :-;.5. 

26.26 (j.87 :-;.5. 

72.90 2.12 :.; . 5 . 

4.75 0.20 :>.5. 

11.18 0.29 :>.5. 

21.50 0.90 :>.5. 

11.66 0.3:' :;.5. 
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A comparison of the mean % of sarcoplasmic proteins in ;'·1. lOI'g:'.]." >::<3 

dOï'si by slaughter weight groups shm-led the proportion to be lm,'est at 56.7 kg. 

Likewise, the nitrogen content (%) of the sarcoplasmic protein fraction was 

lower at 56.7 kg than for subsequent slaughter weights. Although, there h'as a 

significant (P<.OS) difference in stroma olus myofibrillar protein fraction (%) 

of M. longissùrru;;wï'si bet\ .. ecn slaughter \'leights, the qualitative implications 

were not readily apparent. lnterestingly, however, a similar trend was apparent 

in the case of the stroma plus myofibrillar fraction from !·f. se...:iteilcÙ:1w;:;:-,.;, 

t-lith tile lm·'est proportion occurring at 68.0 kg and the highest at 79.5 kg 

slaughter weights. Levels were similar at 56.7 kg and 90.7 kp for bath .'·f. :~ .. :r>:i-

c":'l.dinosus and N. lonç;issi.'71us dOl'si (Table 17). lt is conceivable that this OD

served trend could be ascribed ta intramuscular structural cÏlanges taking place 

during muscular growth. 

The crude protein content (%N X 6.25) of ;'.{. tJe"i~cendinosi<.~ displayed 

a decreasing trend with successive increments in slaughter weight, but the mag

nitude of variation was sufficient to prevent attaining statistical significance. 

The crude protein content (%N X 6.25) for M. lon::is:;i"iu.-: :.1.'Oï'.3{ failed to silo'.,: 

tne same trend. 

?tarch-gel elcctrophoresis 

:\ total of seventeen different bands were distinguishable from tilc 

a-nido-black stained starc:1 gels of the sarcoplasr.lic fractions of ,".'. Z:I;.:":;:.~::--:;<.' 

~'::;:'.;: and .'·f. J-3"'::'=:2>:::i':':;-J"<3. Eleven were observed ta r.ligrate toward t.ie cathode, 

~;hile only six moved in the direction of the anode. Average densicord r(:adin.~s 

ex?ressed as a ?ercentage of the total for t:le varicus bands are sho· .. m b:: tn.:at

~ent groups in Tables 18 and 19. Application of Du~can's ~ultiple ran~e test 

revealed several significant (P<.05) differences as indicated by superscr:pts i~ 

Tables 18 and 19. 
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Sex differences included a higher concentration in M. lO~?~3Sb'U3 

dopsi band 6 (anodic) from barrows as compared to gilts. Similarily, bands 

7,8 (anodic) and 1 (cathodic) exhibited higher concentra~ions in~. semi!end~

nOBUS sarcoplas~ic fraction from barrows versus gilts. The reverse was observed 

for band 6 (anodic) in that higher amounts were detected in the sarcoplasr.lic 

fraction from M. semitendinosus of gilts. 

The influence of CHQ was apparent from densicord readings for both 

M. Zongissimus dorsi and :·f. semitendin.osuR sarcoplasmic fraction. Significant 

(P<.05) increases in concentration were observed for M. Z.ongissir'7iA.s .:wps t bands 

8, 9, 10, Il, (anodic) .. 'hile 6 and 3 (cathodic) decreased witil CHQ supplementa

tion. Similarily, bands 4, 6, and 9 (anodic) were of higher concentration in 

the sarcoplasmic fraction from M. ser,itendinosu,"J in response to CHQ supplementa

tion. However, bands 7 and 8 (anodic) showed the opposite trend. 

Heavier slaughter tveights influenced a higher concentration in bands 

10 (anodic), 6 (cathodic) with f.!. longissvrru.~ dopsi and in band 6 (cathodic) 

with M. senitendinosus sarcoplasmic fractions. Conversely, the percentage of 

total densicord readings for bands 3 and 6 (anodic) with M. lG;l:;is,gim: •. ~ -:.ê~!-'.':, 

and bands 4 and 7 (anodic) witil M . . -oem{t;er;rii"':.Os:-:s decreased. 

The aforemcntioned differences between elcctrophoretic patterns for 

sarcoplasmic proteins from the two muscles studied is further demonstrated 

graphically in Figure Il. A typical superimposed densicord plot of the electro

phoretic separation of .'·f •• ,e..,~:;e>:riin.:;;;:J.::: and .'.:. Z:;';çi.ôsi--::,., -::;r·.,i sarcoplasmic 

protein fractions fro~ animal 561 is displayed in Figure 12. So attempt ~as 

made to further characterize or identify the various protein bands, since no 

st rong assoc iation between the elec trophoret ic pat tems and organo lept ie assess

~ent or other qualitative factors was readily discernable. 



20 pt 

15 1-

~ 
'-' 

CJ) 
C .-
" 1 10 .. ~ 

"2 
0 
u .-
'" C , ., 

5 " c • as ., 
· • · E 
• • .; 
1 2 

+ 

!: igur\' Il 

o 

-Iongissimus dors i 

...... semitendinosus 

· · · · · · · · 
1 

~ 

18 • • · 
- 1 i · · .. · Ë · . 

1 
. . 

1 · · · · · · · • 
= · 

E · : · 1 ~ . 
Ë : . 

.: · • 
3 4 5 6 7 8 9 10 11 6 5 4 3 2 

peak number 
IC;II\ dCllsiù)nl readings from starc:\--r,cl clectrophoresis of M. semitendi/1OsuS and 

,',f_ i,lI:,:i,:,:i :,I,'I,ll','i s:\rcopLl~mic fr:1ct ion cXl'rcssed as a 7. of t~lC total 

t 
1 

..... 
1-' 
\D 



+ 

Figure 

l' 

1 

...... longissimus dorsi 

_ semitendinosus 

1 -,. .-.. .. .. .. l' 
:: .. ., 
" · , :: · , , . : . 
: . · · , · 1 · · · · · · · · · , 

1 , . , 
1 , , , 

',' 
,,/ . 

3 8 

1 , , , , , , , 

11 .t. 
ongm 

6 

12 The super i:'lposed dens i cord plot 0 f .... '. 
and X . .:-~--::::.:?>:i::,:c:~:<.? electrophoretic 
cop1asmic proteins from animal 561 

~ 
" " " , ' 
l' 
l' 
l ' 
1 • 
1 • 
1 • 

l ' , ' 
l ' · ' · . · ~ , 

1 , ....... 

3 1 

- . . 

120 

::.. ~;:.?:'?a--:: ...... "..A/: ;.,:, .".-:" 

separation of S3r-



121 

Summary: 

A. Sex: 

1. The ultimate pH of M. Zongissirrus dOY'si \ ... as significantly (P<.05) 

higher in carcasses of barrows than those of gilts. (Table 15) 

2. The LOi'!ç::;:;;]i'ï:A.s dOY'si from barrows contained s lightly (P<. 05) more 

extractable lipid and crude protein than that of gilts. (Table 15) 

3. Significant differences were not observed between sexes in sarcoplasmic 

or stroma plus myofibrillar fractions of :,f. Zon;issil"lus doY'si (Table 15) 

4. Bar~ows displayed a significantly higher (P<.Ol) nitrogen content in 

the combined stroma plus myofibrillar fractions extracted from M. ;]C~:-

tendinosus. (Taole 15) 

s. Electrophoresis separation of sarcoplasmic proteins revealed that the 

lon:Ji;;;,il"lus ,;,oY'si from barrows contained a iligher concen tration of 

band 6 (anodic) than that of gilts. (Table 19) 

6. Electrophoretic separation of sarcoplasmic proteins from se~itendinosu;] 

indicated higher concentrations of band 7, 8 (anodic) and 1 (cathodic), 

and 10\ .. 'er concentrations of band 6 (anodic) for barro\.Js as compared to 

gilts (Table 18). 

B. Chlorhydroxvquinoline (CHQl: 

The dry matter content of - . . 
/'C;12:"2.'J :"7".A.:? :"]1".:;:' '.;as found to incrcasc 

(P<.05) with increasing levels of CHQ supplementation. 

2. Electrophoretic separation of sarcoplasmic proteins fro:n l:;Y;';·-:;~;~:·."":u.-; 

i::JY'si revcaled increases in bands 8, 9. 10 and Il (anodic) \..'oil(: 6 and 

3 (cathodic) decreased in response to CHQ supple::Jcntation. 

3. Electrophoretic separation of sarco?las~ic prateins fra::! ~, ~. ""::: • 

::':..::.]:.~, sho-..:ed that oands 4. 6 and 9 (anodic) increased but that band i 

and 8 (anodic) decreased in response to CH0 supple::Jentation. 
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c. Slaughter weight: 

1. The average ultimate pH of M. lO'lçis.<;ù"T: .. '-S ,io!'si tended to decrease 

with successive increments in slaughter weight, Dut the difference 

was significant (P<.05) only between 79.4 and 90.7 kg. 

2. There was a significant increase (P<.Ol) in dry matter percentage of 

:1. longissirm..!s doi'si tvith eacn successive increase in slaughter \veight. 

3. The extractable lipid content of /.1. lon;;~s.-;irx .. ;.'~ iO!'37- tended to increase 

with slaughter weight but failed ta attain statistical significance. 

4. The proportion of stroma plus myofibrillar protein was observed to De 

lowest at 68.0 kg and highest at 79.4 kg slaughter weight. 

5. The crude protein content (%N X 6.25) of :-1. ser?'dtendi;1Oeu.~ tended to 

decrease with successive increments in slaughter weight, but differ-

ences were not found to be statistically significant. 

6. Electrophoretic separation of sarcaplasmic protelns indicated higher 

concentrations in bands 10 (anodic), 6 (cathodic) with l·f. lo;:g-;:3,c;i·1:'._~ 

dt:)!'S7:, as weIl as band 6 (catnodic) tvitil .' .. :. 2-3l"?ite;:àinom!3 as slaughter 

weight increased. 

7. Decreased concentrations in bands 3 and 6 (anodic) with .'·f. - . . 
/., "); ~ .': :;; :~ :. ~ . ..{ ~-~. 

i: !'S~, and bands 4 and 7 (anodic) y;ith .'·f • .;r"rr,,:;e i :c.:";1Q.'::'('; were observed 

to be associated with increasing slaughter weight. 
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4.6.2 FAT 

Gas chromatographic analysis of the methyl esters of fatty acids ex

tracted from M. longissirrrus dor>si intramuscular fat and intermuscular fat sur

rounding /-1. ser.:-Etendinosus are summarized in Table 20 and 21 respectively. 

Although a total of twenty-four different peaks were observed, three saturated 

fatty acids (myristic (C
14

), palmitic (C
16

) and stearic (C1S» and three un

saturated fatty acids (palmitoleic (C=16)' oleic (C=lS) and linoleic (C2=lS» 

were found ta account for over 90% of the total based on peak areas. This is 

in general agreement with data reported by Jurgens et al., (1970), Elliot et 

-::.l., (1970) and Sink et al., (1964). 

The total saturated fatty acids (myristic, palmitic, and stearic) and 

the unsaturated fatty acids (palmitoleic, oleic and linoleic) as \lell as the 

saturated/unsaturated ratio were calculated ta facilitate interpretation of the 

data. 

No significant differences were observed between sexes in tite propor

tion of the individual component fatty acids found in /-1. l0i12iJsi'-:,<{; XI':::' intra

mus~ular fat. However, there was a slightly higher (P<.05) amount of oleic acid 

present in barrow vs gilt intramuscular fat. Tilis substantiates the observation 

of Jurgens "'Ir; aL, (1970), W,10 reported significantly (P<.Ol) more olcic acid 

in .'·f. l:V,:;i.33i.-r:US iC'f'si intramuscular fat of barrO\,Js as compared ta gilts. A 

comparison of the total saturated/unsaturated fatty acid ratio (SIC) revealed 

a higher ratio for gilts than oarrows 0.24 vs 1.15). This again confirrns tilf: 

findings of Jurgens -:::: ~: .• (970) .... ·ho noted that :-;>:.:::;.;~·ë'..<::i:!·.:: intramuscu-

Iar fat of gilts · ... as more highly saturated than t'lat of barro\o.·s. 

the backfat of barro;.·s .... as reported to contain :lÎ~ilCr Icveis of total s.Hurated 

fatty acids th an that of gilts. 
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Intermuscular fat adjacent to N . .::e·-:it;-2Y!.dinos:is from barro\,'s was 

found to contain significantly higher (P<.Ol) levels of short chain fatty acids 

(Group A) than that of gilts. In contrast to the oleic acid content of ,'·1. &0;,;

i.::simus dOÏ's·i intramuscular fat, the level of oleic acid was found to be lower 

(P<.05) in intermuscular fat surrounding M • .;er.;ite;i· .. ;."i;7.0SUS of barrO\ols as com

pared to gilts. The resultant S/U was higher for barrow vs gilt intermuscular 

fat. (1.26 vs 1.06). Once a8ain, this is in contrast to previously observed 

sex differences in !'!. longissi.'1!us dOÏ'si intramuscular fat. 

No meaningful differences in fatty acid components \\lere found to be 

associated with chlorhydroxyquinoline supplementation. 

The oleic acid content of :·1. lOYi.:Jis.gimus ,,,:,,oY'si intramuscular fat was 

observed to increase with slaughter \oleight. The maximum Increment (P<. 05) oc

curred between 56.7 and 79.4 kg. Concomittant increases in other unsaturated 

fatty acids with higher slaughter weights, although not of sufficient magnitude 

to attain statistical significance, resulted in a decrease in the S/U ratio with 

increasing slaughter weight. (1.39, 1.21, 1.13 and 1.08 for 56.7,68.0, 79.4 

and 90.7 kg res;>ectively). This decrease in the degree of saturation of intra

muscular fat with increasing slaughter weight is in contrast to reported in

creases in the degree of saturation of backfat (Elson et aZ., 1963, All~n ~t 

aZ .• 1967 and Elliot e~ al., 1970) and intramuscular fat (allen ~t ~L., 1967) 

at heavier wcights. This apparent ~onfliction of results can probably be as

cribed to the dietary influences on fatty acid composition sucn as reported bv 

ot~er workers (Jureens c: ~:., 1970; Elliot ~: --"'o. ..... , 1970), sinc~ the incrcasc 

in the proportion of corn and rice meal fro:n gro·,.;er to finisher diets (Ta~l,-, 1) 

... ·ould result in an increase in the intake of unsaturatcd fatt:; acids. 



127 

As in the case of :-1. Zongissi.'"!Tvi.s dCi'si intramuscular fat, there \ ... as 

an increase in oleic acid content of intermuscular fat surrounding 1·: .. :;e'"i t"md-

inosus as slaughter \Jeight increased. The maximum increment in oleic acid con-

tent of intermuscular fat surrounding li}. senitendinosus \vas observed to be be-

tt-'een 56.7 and 68.0 kg. This, together ~ ... ith the fact that animaIs were s.-:itched 

from the grower to the finisher formulation at 56.7 kg supports the contention 

that dietary influences were largely responsible for the observed decrease in 

s/u as slaughter weight increased. 

The relative proportions of the six major fatty acids found in ~~ 

Zongissirrrvi.s dopsi intramuscu1ar fat and ;,f. seniter:.d["osus intermuscu1ar fat are 

shown graphica1ly in Figure 13. The genera1 pattern was simi1ar for samples 

from both locations, a1though slightly greater proportions of palmitic, palmi-

to1eic, stearic and oleic \.'ere found in lOf'!(,issimus .iOY"D: intramuscular fat. 

Summary: 

1. The oleic acid level in N. Zonçr:'3simu3 dopai intramuscular fat t-'as 

slightly higher in barrows as compared to gi1ts. 

2. The ratio of saturated/unsaturated fatty acids in U. ~ . . 
/..0;2,:;;" ;J."J :,,·.';:U·~ :.:./)~. '/.: :." 

intramuscular fat was higher for gilts than barrows. 

3. The oleic ac id contenta f intermuscular fat surrounding :.: . . ,e,'~:":;",i: ..::..,;-

~s~~ was lower in barrows a~ compared ta gilts. 

4. The ratio of saturated/unsaturated fatt)' ac ids in intermuscular fat 

surrounding :.:. ';.;0-"';-::;-3>::':>:::'8'.48 was higher for barro ... ·s tÏlan gilts. 

5. The level of short chain (Grou? A) fatty acids were higilE!r in int..::r-

muscu~ar Ln surrounding "': . . :."·.:;ro::::'::':i::;;::..-:'-'.;,~ of barro.,:s as comp;)red to 

gi!ts. 
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6. No meaningful differences in fatty acid composition associated wit!l 

chlorhydroxyquinoline supplementation were observed. 

7. The oleic acid contents of both M. longissimus Œ:n'si intramuscular 

fat and intermuscular fat surrounding /.1. senite1".dinosus were found to 

increase with slaughter weight. 

8. The ratio of saturated/unsaturated fatty acids in M. lO;1gissù-:7uS ciDps: 

intramuscu1ar fat decreased as slaughter weight increased. 
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Appendix Table 3 The influence of sex on anatomical composition of hams 

Sex 
Significance 

Variable Barrows Gilts S.E. 
2 

of F 

Number of animaIs 12 12 

Dissection of ham 1 

Freezer shrinkage (%) 0.6 1.3 0.22 N.S. 

Weight before dissection (kg) 5.520 5.739 0.063 N.S. 

Subcutaneous fat and skin (kg) 1.509 1. 462 0.045 N.S. 

Total bones (kg) 0.545 0.565 0.007 N.S. 

Total muscles (kg) 2.795 2.935 0.081 N.S. 

Intermuscular fat (kg) 0.408 0.418 0.006 N.S. 

itemainder (%) 2.82 3.95 0.410 N.S. 

Ratios: 

!-fuse1e/bone 5.12 5.17 0.15 N.S. 

Subeutaneous fat/bone 2.75 2.56 0.10 N.S. 

Intermuscular fat/bone 0.74 0.73 0.01 N.S. 

Musele/subeutaneous fat 1.87 2.05 0.08 N.S. 

Musc1e/intermuseular fat 6.96 7.08 0.24 N.S. 

~tusele/total fat 1.47 1.58 0.06 N.S. 

1 Hams from right side of carcasses cut by the R.O.P. method 

2 S.E. = Standard error 
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Appendix Table /. The influence of S2X on anatomical composition of middles 

---------------------------------------------------
Sex 

Variable Bar~ows Gilts 

~umber of animals 12 12 

Dissection of middle
l 

Freezer shrinkage (%) 1.14 

Weight before dissection (kg) 10.5:n 10.465 

SUDcutaneous fat and skin (:~g) 3.901 3.430 

Total bones (k~) 0.904 1.018 

Total muscles (k~) 3.224 3.508 

Intermuscu1ar fat (k~) 1. 991 1. 874 

Remainder O~) 4.06 ::;.57 

Ratios: 

;'lusc le /bone 3.33 3.4:) 

Suocutaneous fat/bane 4.03 3.34 

Intermuscu1ar fat/bane 2.04 1.82 

~uscle/subcuteaneous fat 0.33 1. Oï 

:-tusch:/intermuscular fat 1. 65 1. 90 

:luscle/ tata l fat G. ') 5 0.67 

? 
S.E. ~ 

0.39 

O. l32 

f).169 

o.OZ? 

0.047 

0.084 

1.15 

0.06 

CJ.09 

0.07 

0.08 

0.02 

Significance 
of F 

N.S. 

~.S. 

~.S. 

~.S. 

* * 
;-';.S. 

:\.S. 

:,. S. 

* 
N.S. 

* 
:,. S. 

* 

-------------------------- ---- - - -- - --- - ---- -- ---------------

1 :liddles fram t;w right sicle or carca~sef; eut il:: the ~·:.O.P. mo:!tilOd 

S.E. Standard ('rrùr 
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App~~dix Table 5 The influence of sex on anatomical composition of shoulders 

., 

Variable 

~umber of animaIs 

Dissection of shoulder
l 

Freezer shrinkage (%) 

~-1eight before dissection (kg) 

SuLcutaneous fat and skin (kg) 

Total bones (kg) 

Total muscles (kg) 

Intermuscular fat (k~) 

Remainder (%) 

Ratios: 

:'luscle/bone 

Subcutaneous fat/bone 

Intermuscular fat/bone 

Xuscle/subcutaneous fat 

~lusc1e/ intermuscular fat 

~uscle/total fat 

Sex 

BarrovlS 

12 

2.52 

5.403 

1.122 

0.709 

2.391 

1. 020 

2.98 

3.41 

1.59 

1.44 

2.16 

2.4i 

1.13 

Gilts 

12 

0.86 

5.436 

1.004 

0.742 

2.509 

0.944 

4.35 

3.38 

1. 36 

1.26 

2.52 

2.71 

1.29 

2 S ignif icance 
S.E. of F 

ù.55 N.S. 

0.079 N.S. 

Cl.036 N.S. 

0.022 N .S. 

0.039 * 
0.052 N.S. 

~. 80 ~~ . S. 

IJ • 15 ;1.S. 

0.11 

Cl.OS * 
0.09 * 
0.15 :,. S. 

0.05 * 

l Shou1ders from right side of carcasses eut by the R.O.P. method 

2 S. E. Standard error 
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Appendix Table 6 The influence of CHQ treatment on 

the anatomical composition of hams 

CHQ level (gm/ton) 

Variable o 

Number of anima1s 8 

Dissection of ham
2 

Freezer shrinkage (%) 0.71 

Weight before dissection (kg) 5.772 

Subcutaneous fat and skin (kg) 1.548 

Bones (kg) 0.541 

.'!uscles (kg) 2.956 

Intermuscular fat (kg) 0.420 

Remainder (%) 3.38 

Ratios: 

.1usele/bone 5.41 

Subeutaneous fat/bone 2.82 

Intermuseu1ar fat/bone 

~use1e/suocutaneous fat 1.92 

~1use1e:intermuseu1ar fat h.99 

~use1e/tota1 fat 1. 50 

1 
S.E. = Standard error 

62.5 

8 

1.04 

5.514 

1.470 

0.557 

2.774 

0.414 

3.12 

4.98 

2.63 

O.73
b 

1. :13 

6.82 

1.50 

125 

8 

1.10 

5.604 

1.441 

0.567 

2.866 

0.407 

3.66 

5.05 

2.53 

0.70 c 

2.03 

7.25 

1.58 

2 
Ham eut from rignt si.de or carcasses cut by R.O.P. méthod 
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lSignificance 
S.E. of f 

0.27 N.S. 

0.077 N. S. 

0.055 ~.S. 

0.009 N.S. 

0.099 N.S. 

0.007 ~.S. 

0.50 N.S. 

0.18 ~.S. 

0.13 ~~. S. 

0.01 * 
0.10 ~.S • 

0.30 N.S. 

0.08 N.S. 



Appendix Table 7 The influence of C.H.Q. trcatment 

on anatomical composition of middles 

Variable o 

Number of animaIs 

Dissection of middle
2 

8 

Freezer shrinkage (%) 0.68 

Wt before dissection (kg) 10.744 

Subcutaneous fat 6. skin (kg) 3.757 

Bones (kg) 0.989 

:luscles (kg) 3.457 

Intermuscu1ar fat (kg) 1.892 

Remainder (%) 5.09 

Ratios: 

Ausc1e/bone 3.45 

Subcutaneous fat/bone 3.76 

Intermuscular fat/bone 2.02 

~lusc1e/Subcuta:leous fat 0.92 

\luscle/lntermuscu1ar fat 1. 74 

~usc1c/Tota1 fat 0.6û 

1 S.E. = Standard error 

62.5 125 

8 8 

1. 57 2.51 

10.576 10.174 

3.904 3.336 

0.982 1.004 

3.L.43 3.436 

1. 772 1. 803 

4.04 5.33 

3.35 3.30 

3.96 3.34 

1.91 1.86 

0.85 1.07 

1. 76 1.82 

(1.57 0.65 

158 

lSignificance 
S.E. of F 

0.48 N.S. 

0.162 :~ • 5 • 

0.207 N.S. 

0.027 N.S. 

0.058 N.S. 

0.102 N.S. 

1.41 N.S. 

0.07 N.S. 

0.09 N.S. 

0.11 N.S. 

0.08 N. S. 

0.10 N.S. 

0.03 N .S. 

~lidd1e from the right side of carcasses cut ~y the ~.O.P. ~ethod 



Appendix Table 8 The influence of C.H.Q. treatment on the 
anatomical composition of shoulders 

159 

Variable o 
C.H.Q. level (gm/ton) 

125 62.5 
1 Signifi~ance 

5. E. of i" 

Number of animals 8 8 8 

Dissection of shoulder
2 

Freezer shrinkage (%) 1. 26 1. 57 2.24 0.67 N.S. 

Wt before dissection (kg) 5.406 5.419 5.434 0.097 N.S. 

Subcutaneous fat & skin (kg) 1.085 1.062 1.040 0.044 N.S. 

Bones (kg) 0.693 0.736 0.747 0.027 N.S. 

a. cles (kg) 2.563 2.379 2.409 0.048 N.S. 

Incermuscular fat (kg) 0.940 1.040 0.968 0.064 N.S. 

Remainder (%) 2.31 3.73 4.96 l.10 :~. s. 

Rat los: 

:1uscle/oone 3.66 3.22 3.31 0.18 N.S. 

5ubcutaneous fat/bone 1. 57 1.43 1. 42 0.10 N.S. 

Intermuscular fat/bone 1. 35 1.40 1. 30 0.06 :-:.5. 

Muscle/subcutaneous fat 2.36 2.25 2.40 0.11 N.S. 

:1uscle / intermuscular fa t 2.71 2.40 2.55 0.18 :-:.5. 

Muscle/total fat 1. 25 1.15 1. 23 0.06 ~.S. 

l S.E. = Standard error 

2 
Shoulders From the ri~ht sicle of carcasses cut by the R.0.P. rnethod 



Appendix Table 9 The influence of slaughter weight on 

the anatomical composition of hams 

Slaughter wt (kg) 

Variable 56.7 68.0 79.4 90.7 

Number of animaIs 6 6 6 6 

Dissection of ham 
2 

Freezer shrinkage (%) L08 0.83 0.94 0.94 

Wt before dissection (kg) 4.l26
a 

5.213
b 

6.l43
c 7.038

d 

Subcutaneous fat & skin (kg) 1. 076
a 1.296

b 1. 586 c L989
d 

Total bones (kg) 0.438
a 0.526

b 0.618
c 

0.638
d 

Total muscles (kg) 2.111 a 2.754 b 3.l64
c 3.432

d 

Intermuscular fat (kg) 0.3l9
a O.365

b 
0.440

c 
0.530

d 

Remainder (%) 2.42a 3.17ab 3.48
ab 4.48

b 

!{atios: 

:'luscle/bone 4.84 5.23 5.13 5.38 

Subcutaneous fat/bone 2.47 2.47 2.57 3.12 

Intermuscul"ir fat/bone 0.73
a 

0.69
a 0.71 a 0.83 

b 

Husc1e/subcutaneous fat 1.98 2.13 2.00 Ln 

:'lusc1e lintermus cu1ar fat 6.74 7.58 7.21 6.55 

:iuscle/total fat 1. 53 1.66 1. 56 1. 36 

1 
S.E. = Standard error 

160 

Signi-
1 ficance 

S.E. of F 

0.31 :-l.S. 

0.089 * * 

0.064 * * 

0.010 * * 

0.114 * * 

0.008 * * 

0.58 * 

0.21 .~ . S . 

0.15 ~.S. 

0.02 * * 

0.12 :-:.:3. 

0.34 :-I.S. 

0.09 :-I.S. 

ab cd means disp1ayin~ simi1ar superscripts are not significantly different 

(P<.05) 

2 
Ha:ns from the right side of carcasses cut by the R.O.P. nethod 



Appendix Table 10 The influence of slaughter weight on the 
anatomical composition of miààles 

Slaughter weight (kg) 

Variable 56.7 68.0 79.4 90.7 

Number of animaIs 6 

Dissection of middle 
2 

Freezer shrinkage (%) 2.73 1. 38 1.07 1.16 

Wt before dissection (kg) 7.178a 9.711 b 11.39ge l3.706d 

Subcutaneous fat & skin (kg) 2.599a 3.388ab 3.919
b 4.757c 

Total boncs (kg) 0.747a 0.954
b 

1.070c 1.195d 

Total muscles (kg) 2.365a 3.276
b 

4.03S
c 4.22S c 

Intermuscular fat (kg) 1. 303a 1.798
b 2.113 DC 2.51S c 

Remainder (%) 3.30 4.19 3.51 8.27 

Ratios: 

:'luscle/bone 3.07a 3.32
b 3.64 c 3.45 c 

Subcutaneous fat/bone 3.50a 3.S8a 3.67a 4.00b 

Intermuscular fa t /bone 1. 75 1.88 1. 98 2.12 

Muscle/subcutaneous fat 0.91 0.94 0.99 0.95 

:-luscle / inte nnus cular fat 1. 78 1. 78 1.86 1. 68 

:luscle/total fat 0.6ù ü.61 0.64 0.58 

1 S.E. = Standard error 

161 

Signi-
1 ficance 

S.E. of F 

0.55 N.S. 

0.187 * * 
0.239 * * 
0.031 * * 
0.066 * * 
0.118 -1< * 
1.60 N.S. 

0.07 * 
0.10 * 
0.13 N.S. 

0.09 N.S. 

0.11 N.S. 

0.03 N.S. 

abcd means displayin~ similar superseripts are not signifieantly different 
(P<.05) 

.-fiddle eut from right siàe:! of carcasses eut Dy tiie R.O.P. metilOd 



1 
Appendix Table Il 

Variable 

The influence of slaughter 'o]eight on the 
anatomical composition of shoulders 

Slaughter ~eight (kg) 

56.7 68.0 79.4 90.7 
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Signi-
1 ficance 

S.E. of F 
----------------------------------------------

Number of animaIs 6 6 6 6 

Dissection of shoulder 
2 

Freezer shrinkage (%) 1.46 1. 34 2.1:2 1. 84 0.78 N.S. 

Weight before dissection (kg) 3.958
a 

5.113
b 5.85') L 6.723 0.112 * * 

Subcutaneous fat & skin (kg) 0.766 a 
0.950

b 
1.134

c 1.400 0.050 * * 
Total bones (kg) 0.586

a O.682 a 0.791
bc 

.842 0.032 * * 
Total muscles (kg) 1. 744 a 2.358

b 2.687 c 
3.012 0.055 * * 

Intermuscular fat (kg) 0.694
a 

0.954
b 

1.0U
b 

1.271 0.074 * * 
Remainder (% ) 4.24 3.30 4.45 2.94 1. 20 ~.S. 

Ratios: 

:·1 us c le / bone 3.00 3.57 3.59 3.59 0.21 :';.S. 

Subcutaneous fat/bone 1. 33 1. 45 1.44 1. 67 0.10 N.S. 

Intermuscular fat/bone 1.19 . '? 1.4_ 1. 28 1. 50 0.07 N.S. 

MU5cle/subcutaneous fat 2.31 2.49 2.37 2.17 0.13 ~~ . S . 

~luscl e/ intermuscular fat 2.52 2.62 2.69 2.40 0.21 ~.S. 

~uscle/ total fat 1.1 <.1 1. 26 :.26 1.13 0.07 ~~ . S . 

--------------------------------------- - -----------------

l 
S.E. = Standard error 

abed means displaying similar supcrseripts are nct sienifieantly cliff~rc~t 
(P<.05) 

2 Shoulders from right sicle of carcasses eut by :::Iè ~ .. ).:'. !:Iet;:O<! 
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I\PPl'lllllx Tab le 13 The effcct of selected indcpcndent variables on the total dissectable 
fat expressed in terms of standard partial regression coefficients 

___ TT ________ •• __ • ______ 

Equation 

V;\ r Lill le 1 2 3 4 5 
-'--'--'--~--

Fat/ll'an [rom loin tracing 0.04 

Il:1111 intl'rmll!lClIlar fal -0.11 -0.09 

SPI'\: 1 f le ~r;lv 1 ty of ham -0.13 -0.14 -0.12 

CalipPI' hackfat (loin) 0.12 0.14 0.16 0.19 

1.1'al fat ,,,elght 0.31 0.32 0.31 0.31 0.26 

Il;1111 !luhculanc\lus fat and skin 0.37 0.35 0.30 0.24 0.% 

Carcas!; '''l'{ ght 0.29 0.25 0.21 0.30 ,), 38 

Exp 1 :Ilnl'lI var lat 1011 93.3 93.2 93.0 92.0 90.7 

-- - - ---- --- ------------------ ------- ------ - ----------- --------_. 

6 

0.59 

0.37 

89.1 

t-' 
0\ 
.j:-
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Appendix Table 14 ~1ean weight (g) of trümned muscle dissected from the 
right hand side of carcasses from barrows and gi1ts 

~1usc1e 

No of anima1s 

1 Panniculus 

2 Gr>acilis 

3 Sar>tcY"'~ous 

4 Se'Tlimemor>aYl.osus 

5 Adductor> 

6 Se'Tlitendinosu3 

7 Pectineus 

9 Rectus te,'"701>-Îs 

la Vast:.s l.ateY'alis, "'1eiialis 
x"!cz inteY'""iedius 

13 Obr;u~a.:ùr {;-zte:7 r1:"s 
+ Sac"f1() C:J~c~/ge:(.3 

15 

16 

18 

Sex 

Barrows Gi1ts 

12 12 

106.4 210.0 

106.8 113.4 

8.9 11.4 

475.5 504.8 

155.1 159.6 

205.2 212.2 

38.7 43.4 

645.2 683.5 

148.7 153.4 

368.8 374.9 

10.2 10.7 

5.4 5.8 

54.7 57.2 

283.5 292.2 

69.6 67.6 

41.4 42.4 

3.4 3.3 

85.3 92.9 

188.6 202.4 

Significance 
S.E. of F 

14.4 N.S. 

4.8 N.S. 

0.2 N.S. 

11.6 N.S. 

8.8 N.S. 

22.5 N.S. 

0.8 * * 
10.7 :-J .5. 

4.7 N.S. 

9.4 N.S. 

0.6 N.S. 

0.6 N.S. 

1.2 N.S. 

4.7 ~:. 5. 

2.1 :-;.5. 

1.3 :-;.5. 

0.3 :-;.s. 

5.5 :~. 5. 

2.8 * 
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t 
Appendix Table 14 (cont'd) 

20 Psoas minoY' 17.0 17.4 1.2 ~.5. 

21 QuadY'atus Zumbc y>"<J..'r. 13.4 15.1 1.5 ~.5. 

22 PeY'oneus teY'r;:'u.s 37.9 34.5 2.1 N.5. 
+ Zong digitaZ extensoY' 

23 TibiaZis anteY'ioY' 14.0 14.9 0.5 ~.5. 

24 PeY'oneus Zon~us 14.5 16.5 1.9 ~.5. 

16.6 16.7 0.6 ~. 5. 

26 E.:::tensoY' ;la Z lucis Zonç:us 1.6 1.7 0.1 ~.5. 

27 Gas;Y'ocne~ius, soZeus 264.4 278.2 3.3 '* 
and supeY':iciaZ ù:'ç:it~Z :ZexoY' 

28 POé:Zieteus 22.0 23.2 0.8 :-:.5. 

29 8.1 7.6 0.9 :-:.5. 

30 FZe:::oi' Il. 7 14.4 0.6 '* 
31 FZe:::oY' ~aZZucf.s 43.8 50.9 0.8 :\.5. 

32 Obliquus aiJdo'"'1inv.s e:::teY'?Zus 90.7 101. 3 5.8 :-;.5. 

114.0 104.5 5.9 :-;.5. 

144.6 155.0 5.2 :';.5. 

125.0 129.5 5.0 ~: • S • 

18.9 17.5 1.4 ~;. 5. 

3.7 2.0 0.7 :.; .s. 

13.7 12.5 1.4 :: • S • 

38.0 40.6 3.0 :.;.S. 

46.9 50.0 1.8 :-;.s. 

41 . - . 
.-;.:: ~12 ~ .... ' ... .2 .:::?::~ :!':':::;:') 9.8 10.3 0.4 ::. s . 

42 . . -
-::., S-2-::.è;::":~_~':'; 107.6 111.0 é.7 :: . S • 

844.6 965.7 28. :. * 
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Appendix Table 14 (cont'd) 

44 14uZtifidus dO~3i 136.6 217.8 39.0 ~.S. 

45 Rectu3 tho~l1.c·i.-" 4.9 5.1 0.7 ~.S. 

46 Inte~costals 467.0 477 .6 8.6 ~~ • S • 

4 7 T~a;:.ezius 87.0 86.7 1.3 N.S. 

48 OI-1J-t~ans7)e~sa~ius 8.3 10.2 1.5 ~.S. 

49 Riwmboideus 40.8 37.2 1.2 ~.S. 

50 Latissimus do~si 189.0 190.8 9.5 ~. S. 

58.9 57.7 6.5 N.S. 

91.4 104.8 5.0 N.S. 

133.4 126.6 5.6 N.S. 

223.4 240.2 8.0 N.S. 

358.1 400.1 14.6 

56 Del-;oid 27.7 26.9 1.3 :CS. 

194.3 209.9 4.4 * 

155.0 163.2 3.7 N.S. 

17.0 22.0 5.7 :\.5. 

47.8 58.1 4.3 :\.S. 

19.2 19.7 3.7 :\.S. 

358.1 371. 6 6.6 :~. s. 

63 29.9 29.4 2.4 ~.; .5. 

64 61.9 70.6 4.2 ~.5. 

65 8.5 9.5 0.2 * 

66 
. . .... 

:: :-::!~~ ... :~ ~!l:::'.:!<:.: 
3i .2 :'2.8 3.0 :;.5. 

6i 
- ....... .. 
..; !1':;'~'::' ~ .... :'.2 :'4.9 1.0 :\.5 . 

68 11. 5 11.6 o.:. : •. 5. 



Appendix Table 14 (cont'd) 

69 Exten.soY' car:;i raiialis 

70 ::"xt.gf~SOY' ca~:: obU,?uus 

71 Cor.mon digitaZ exr;;~;lS0Y' 
c.ylà extensc!' -:J: 2nd digit 

72 ExtensoY' o." 46, dipir;; 

75 FZexoY' ~aY'pi Y'c.JiaZis 

80 :'-'t.3Y'y'O ::!tJ(';zaL~:J..S3 Of.!O
h:1oirJ.au.': aiZd .c;z,.::rr'lO
thr~:o h:;:d::.'e:A.s 

85 ~O"; '7~s2i.·--::';'3 '.Je.; ~ t::3 X'L:::' 

:;.r; l ~:'Y!: iJ 

87 .=::"'::::' :t.'"; ~::.~-:.:. :,2 
... __ '}~:'~.:..:':~ >·":~'-'1. :r~:-.:. ,..: .. :..~:::,!'l) 

::?: ~ _ .. ..,." ',)' -:'l, 

39 
. . . 

:;.::.. ?".]:.:. :.., :.? 

90 

53.9 

4.6 

15.0 

8.0 

3.5 

1.9 

8.9 

4.2 

4.1 

22.8 

49.3 

36.1 

13.5 

n.2 

24.6 

87.3 

15.3 

128.0 

2.9 

lL3 

9.5 

26.3 

9.8 

56.3 

3.0 

12.8 

10.7 

7.1 

1.5 

9.2 

4.3 

5.2 

24.1 

49.9 

48.1 

12.6 

12.1 

25.6 

74.7 

16.5 

129.2 

5.2 

9.9 

5.0 

25.3 

7.0 

168 

1.6 N.S 

0.7 N.S. 

2.4 ~.S. 

1.0 N.S. 

1.3 ~.S. 

0.6 :; . S • 

0.3 ~.S. 

0.2 N.S. 

0.5 N.5. 

0.9 ~.S. 

1.2 N.S. 

6.9 ;, . 5 . 

1.1 ;~ . 5 • 

1.7 N.S. 

1.4 :~. S. 

5.9 :~ . S • 

1.5 N.S. 

11.1 : •. s . 

0.8 N .5 

2.0 :\.5. 

1.2 * 

1.1 :;.5. 

-, . 2 



1 Appendix Table 15 The influence of CHQ supp1ementation on 
the mean weight (g) of trimmed muscle 

Muscle 

No of animaIs 

1 Panniculus 

2 Gracilis 

3 Sartorious 

4 Semimembranosus 

5 Adductor 

6 Semitendinosus 

7 Pectineus 

8 Biceps f'emoris 

9 Rectus /emoris 

10 Vastus lateralis, medialis 
and intermedius 

11 QuadY'atus femoris 

12 ObturatoY' externus 

13 ObturatoY' internus 
+ Sacro Cocc~geus 

14 GLutens ~edius 
+ SacY'o Coccygei 

15 GL~teus accessoY'ius 

17 ~r-;eZbs 

CHQ 1eve1 (gm/ton) 
o 62.5 125 

8 8 8 

204.8 204.6 207.7 

110.5 107.8 112.0 

11.9 9.1 9.6 

491. 9 501.1 477 .5 

159.4 153.7 159.1 

216.6 199.8 209.6 

41. 2 39.4 42.6 

675.8 664.5 652.8 

152.1 148.1 153.0 

387.5 360.2 368.0 

10.0 10.6 10.9 

5.4 5.5 5.8 

57.4 53.7 56.7 

299.0 281.8 287.2 

68.3 67.4 70.0 

42.6 42.9 40.3 

3.3 3.2 3.6 

104.2 79.6 83.4 

197.8 189.0 199.7 

169 

Signi
ficance 

S.E. of F 

17.6 N.S. 

5.8 N. S. 

0.2 N.S. 

14.3 N.S. 

10.8 N.S. 

27.5 N.S. 

1.0 N.S. 

13.3 N. S. 

5.8 N.S. 

11. 5 N.S. 

0.8 N.S. 

0.7 ~.S. 

1.5 :\.S. 

5.8 N.S. 

2.5 : •• S • 

1.6 :\.S. 

0.3 ~.S. 

6.7 :-;.5. 

3.4 :; • 5 • 
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Appendix Table lS (cont'd) 

20 Psoas minor 18.2 18.2 lS.2 1.S N.S. 

21 Quadratus lumboY'V.m 16.0 12.2 14.6 1.8 N.S. 

22 Peroneus tertius 36.S 36.5 35.5 2.6 N.S. 

+ long digital extensor 

23 TibiaUs antenor 15.1 14.4 13.9 0.6 N.S. 

24 Peroneus longus 15.1 14.5 16.9 2.3 ~.S. 

25 Lateral digital ex·tensor 17.0 16.0 17.0 0.8 N.S. 

26 Extensor hal,lucis long-lA.s 1.6 1.7 1.6 0.1 ~.S. 

27 Gas tro cnemi us, so leus 274.9 267.9 271. 2 4.0 N.S . 

and superfic:ial àigital • :'le:coY' 

28 PopUeteus 22.9 21. 8 23.2 1.0 ~.S. 

29 Tioialis poster>ior 7.4 9.4 6.7 1.1 :LS. 

30 Flexo:.> diJitalis lo'1.[!uS 14.6
a 10.7° l3.8

a 0.8 * 

31 Fle:coY' hallucis SO.4 49.7 51.1 1.1 N.S. 

32 Obliquus abdorrr:-nus e:ctemus 104.0 96.0 88.0 7.0 ~.S. 

33 Obliquus abciomin.us intemu3 103.3 103.3 121.1 7.3 N.S. 

34 Rectus aodorrrùzus lS5.8 146.4 14ï.2 8.3 N.S. 

35 TY'ansveY'sus abd::r.zin.:/S 138.7 125.3 117.8 6.1 ~:. s. 

36 SeY'Y'ac:.<s G.ors::.l~s :;.:;ste]Y~or 20.9 17.5 16.3 1.7 N.S. 

37 ::?e r; !l~a tG-P CJOscae 3.2 2.3 2.9 0.8 x.s. 

38 7'l'1::'V'Zs:Je }"S~.~ t ;zo i')~::i;; 11. 3 1!..8 13.1 1.7 ~; . s. 

39 û~a.;,r:."! .. cr1 (part only) 34.6 42.4 40.8 3.7 :, . 5 . 

40 ~ç".:;::.s $'T.,.;.s C''';.1 ::4 !.,......(.~ 52.2 48.5 44.8 2.2 :\.5. 

41 ~~3 : .. ~'):~:::(.~ 
. - . 

:='::~ :-":.::.:'" 9.6 10.!. 10.1 0.5 ::.5. 
::':;?')3::~'~~;:" 

42 ";;-:'~:~Z~3 
. . - llS.l 101.4 108.4 8.2 ::.s. 

~: S--::-:--".._3;-:.;,: ~ ~ ;_" 

~3 ~.:;~: <»""::.:.;:~ ~(.~ . :..,- :l;: :- 952.5 909.2 353.8 35.4 :;. s . 
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Appendix Table 15 (cont'd) 

44 MuZtifidus doT'si 16~.7 145.6 221.4 47.8 ~.S. 

45 Rectus thoT'ams 3.7 5.5 5.8 0.9 N.S. 

46 InteT'costaZs 473.4 462.1 481.4 10.6 ~.S. 

47 Trupezius 101. 6
a 78.9

b 
80.1

b 
1.6 * * 

48 OI.J:J-tl?anSVeT'saT'ious 12.5 7.4 7.9 1.8 N.S. 

49 Rhomboideus 42.1 36.8 38.3 1.5 N.S. 

50 Latissimus dOT'si 218.6 183.1 168.0 11.6 N.S. 

51 3T'achiocephaZicus 56.0 56.9 62.0 8.0 N.S. 

52 SupeT'ficiaZ pectoT'aZs IJ8.7 98.6 87.0 6.2 N.S. 

53 AnteT"ÏoT' de el? pectoi"aZ 130 . .') 128.9 130.6 6.8 N.S. 

54 ?osteY'ioY' aeep pectoi'aZ 239.3 219.9 236.3 9.9 ~.s. 

55 SeT'i"atus venti":ûis 402.2 263.3 371. 9 17.9 N.S. 

56 Delto'id 28.3 27.7 25.8 1.6 ~.S. 

57 SupT'::1spinatus 217.3a 198.0b 191. Ob 5.4 * 
58 InfT'aspùu tus 163.9 155.1 158.4 4.5 N.S. 

59 TeY'es '7Iinoi" 26.8 14.9 16.8 7.0 ~.S. 

60 Te T'es ma.joT' 55.8 51. 5 51.5 5.3 N.S. 

61 Tensor' ~.:.asci2 
...... .. .. ::1n,,:'.?IUCf!7,:' 15.5 19.4 23.4 4.5 N.S. 

62 Long ~YZd Zater'::1Z rze'vi =F~~ep3 390.7a 354.1 b 349.7
b 

8.0 * 
63 MediaZ he::1i n·i::ep.,: 30.6 25.5 32.9 2.0 :'-S. 

64 Subsaa~-:ula~i3 64.0 64.3 70.5 5.2 ~.s. 

65 Co~:::!o-br~·:zcr::a: i:: 9.Sa S.l° 9.2 a 0.2 * * 
66 

.. . .. 
39.7 ;:j:::!e~:.g :; r:l·?'::' :, 41.4 38.9 3.6 :\.s. 

67 
-. .. -. 
~]"l :ze': : :::: :., :' .. 'j 45.8 43.9 44.5 1.3 :\.5. 

68 .... ~):~J): :.z. 10.9 10.9 12.9 0.5 !; . 5 . 
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Appendix Table 15 (cont'd) 

69 Extensor carpi radic.Us 58.6 52.8 53.9 l. 9 N.S. 

70 Extensor carpi obliquus 3.6 4.4 3.3 0.9 N.S. 

n Comrrzon digital extenfwr 16.7 13.2 1l.8 3.0 N.S. 
and extenso!' o:~ 2nd digit 

" 
72 Extensor of 4th digit 9.6 7.7 10.6 1.2 N.S. 

73 Extensor of 5th digit 5.6 3.8 6.4 1.6 N.S. 

74 Pronatol' teres 1.4 1.4 2.4 0.7 N.S. 

75 Flexor carpi j'adialis 9.6 8.1 9.4 0.4 N.S. 

76 Flexor carpi ulnaris 4.4 4.2 4.2 0.2 N.S. 

n Ulnapis lateY'ali.s 6.0 4.0 4.0 0.6 N.S . 

78 SupeY'ficial di:;ital • -~lexor 22.9 21. 9 25.7 1.1 N.S. 

79 Dee;: digital . ,~lexo!' 49.4 47.8 51.6 1.4 N.S . 

80 Ste Y'"t7.0 ce pt7.a li C".J.S, ouo- 31. 2 56.6 38.5 8.5 ~.S. 

huoideus :li!": ST;e Y'"t7.0-
thryo ' .. 

'2:',J:?1...r::.EUS 

81 :;crJ.lel1u,:; -.Jen:palis 12.8 12.3 14.1 1.3 N.S. 

82 Scalenu.o d.o~sa.l~a 10.1 13.2 11.8 2.1 N.S. 

83 w>;g:tJ colli 24.8 26.1 24.4 1.7 :J.S. 

84 .;'[: Ze n. i.:.t2 79.6 82.0 81.4 7.3 N.S. 

35 LO;lJ:.:;:J~~(3 ,~a.:~:' t. ':a .Xi: ,: 15.7 13.7 18.3 1.8 N.S. 
~:: ~""4}Z~ :".-:J 

86 7:r::; :e::::"J 128.1 130.8 126.9 13.5 X.S. 

87 p..;::: ~u;: ...!~-;::=:(.~ 5.0 1.9 5.2 1.0 :':.5 . 
:..~.]~:::l:..? /""":":':-:~~ ~:..: """::~_- -= '1 .... ~. 

88 ):; Z ~ '?:(:(~: .- ...... ~ ". : :<. -.:~: ::.: :!':.. ::.~) 4.1 a 
11.2

ab 
16.5° 2.4 * 

Z~:: ;- :;,.::::: ~-.~ : !~.: 

89 := .. .: ~ :::'S :::'~':' ::,--... 
. - . 
:c.:r).~::_ :'3 9.9 5.3 6.1 1.5 :,. S. 

-: :.~: :: :!-. ..4,;: .: -:~ .. :; !.: -
90 :i::< !.:!"':): .. :':.~ :\ ... .:: '-:.-:' 23.8 26.0 27.6 1.3 :;. s . 

91 . '.!:/. : : : •• t.:" -.~ .... ~~.:. !-.: .: :!:. .. ~ 11. 8 11. 8 10.2 2.7 .' c:: .'. --. 
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Appendix Table 16 The me an weight of trinuned muscle 

at various slaughter weights 

Slaughter weight 
Signi-
ficance 

56.7 68.0 79.4 ~0.7 S.E. of F 

No. of animaIs 6 6 6 6 

1 Ptmn i Cl.A.l us 122.4
a 

196.0
b 241.1 bc 263.4 c 

20.3 * 

2 GraciZis 79.4
a 103.9

b 
120.6

bc 
136.4c 6.7 * * 

3 Sartorious 6.6a 8.9
b 10.Yc 

14.4d 
0.2 * 

4 Semimembranosus 362.5
a 458.1

b 
533.2c 606.8d 

16.5 * * 
5 Adàuctor 120.7

a 157.5
ab 

165.S
b 

185.7
b 

12.4 * * 

6 Se'7/itendinosus 157.7
a 202.4a 236.2

a 
238.4

b 
31. 8 * * 

7 Pectineus 29.0a 40.S
b 46.7 c 48.0c 

1.1 * * 

8 Biceps remo~.-ois 447.3
a 

63S.3
b 

741.4 c 
833.4

d 
15.2 * * 

9 Rectus .-~er'loy-is 108.6a 143.2
b 175.2c 

177.2
c 

6.7 * * 

10 Vastè{S la te ra l i.~, "T!eiiaUs 274.2a 350.9
b 408.0 c 4S4.4d 

13.3 * * 
and Ù, te l"!"ledius 

11 Quadra t,tS .:."e n:J Pi s 3.0a 9.9
3 10.8ab 

13.2
b 

0.9 * '* 

12 Obt:,œacor e:::tel'"t1.us 4.1
a 5.1

ab 6.4ab 6.8b 
0.8 * 

13 Ob t:{r'acor i 11:;e l'""~t;] 39.2
3 54.9

b 
59.4 b 70.1 c 

1.8 * * 
+ c.::z.cr'o Coc:12eu:; 

14 ,~Zu~eYZB r-:edius 198.6a '277.7b 320.8c 360.2d 
6.7 * * 

+ cacr'o CG~2'~7e: 

15 Gl,-<:;~us ~~c.:J.:;.~or:'ZA2 41.6 a 66.1
0 78.2c 88.4d 

3.0 * '* 

16 ;l:A.:'':;:<3 ;- "!'l::J .. ,,:o:t)oz ~ .. ~, 29.4a 38.4° 52.0c 47.9c 
1.9 * * 

17 ";.:; .":'..3 Z : :,.)' 2 1 a ... 3.0
ab 3.9

0 
4.3

b 
0.4 * * 

18 :-,_--"'~:.~:.J ~ ... ~ ~. ~ _ .... '"' .. 55.6
a 81. 7

ac 111. Ob 108.1
be 

7.8 * * . _ ...... : -' _, -4 

19 ~:;::;. ~ ... ~ _ ..... -<"'l'l 

. -"'-". -' ~ + :.. .... :. :: ~:( .. ~ 136.2
a 186.1 b 224.6 e 235.2c 4.0 * * 



174 

Appendix Table 16 (cont'd) 

20 Psoas minoY' 10.0a 
17.5b 21. 2b 20.5 b 1.7 * 

21 QuadY'atus lumboY'um 10.4 13.3 13.8 19.6 2.1 N.5. 

22 PeY'oneus teY'tùis 28.0a 
33.6

ab 
38.7

bc 
44.3 c 3.0 * * 

+ long digital. extenBOY' 

23 Tibi2"liS anterioY' 10.5 a 
13.9

b 
15.5 bc 

17.9c 0.7 * * 

24 PeY'oneus longus 11.4 14.6 16.6 19.4 2.7 N.5. 

25 LateY'al digital extensoY' 11.7a 
15.9b 

17.7 b 
21.4c 0.9 * * 

26 ExtensoY' hal luais longus 1.3
a 

1.5ab 
1. 7

b 
2.1 c 0.1 * * 

27 Gas tY'oen.emius, so leus 199.8a 
253.1b 287.4 C 345.0d 4.6 * * 

and. supe Y'/'i cio. 7, digir;al ~-~lexoY' 

28 Pop "lie teus 16.5a 21.4 b 
23.9 b 

28.8c LI * * 

29 TibiaZis p03teY'7:0Y' 4.8a S.4b 7.7 b 13. Sb 1.3 * 

30 FlexoY' àigit:::.Zis lonpus 10.0a 
14.1b 14.3b 13. Sb 0.9 * 

31 Flexoi' halbcis 38.6a 45.4b 
54.7 c 

62.9 d 1.2 * * 

32 Obliquus a..bdominus exteT'"IZUS 64.0a 85.3a 
117.3

b 
117.3

b 
8.2 * * 

33 Ob Zia.Ui-~5 aàdO:"1Ù,US in te:rnus 75.1a 96.4a 129.2b 
136.3b 8.4 * * 

34 Rect"'us é:Jxio.'~ r:us 114.4a 149.1
b 171.3

c 164.3
c 9.2 * * 

35 Tl--an3:;e 11S us aiJc:..·O,""1iÎ1~ 100.8a 
117.2a 

149.3
b 

141.9b 7.0 * 

36 Sc:ri'at:ta 6:::)"!'lsaZis ~·ostg~io~ 11.6a 16.4ab 
20.6bc 24.2

c 
1.9 * 

37 Re:; Y':::.c:;o:e cost~t3 1.8 2.9 3.8 2.7 1.0 ~.5. 

)8 1:t');::z"<s :~.;: !l~:tS :.hCY':J.':!:B 10.8a 
8.0a 

19.9b 
13.6

ab 
2.0 * 

39 ~i :1.;:;:::'1-:::'-; (:-- '::1':: ,::;': :~, ) 23.1a 42.6b 
44.7b 46.7° 4.) * 

40 :::;: .. --::3.J'":""...(.g ;] ~ .~ :.':: l')':..t.ro: 36.7a 4L6ab 
52.1 b 

6'3.é
c 

2.6 * * 

41 . :.}. '!1!'::; =:1.3 
- .. 

;:.::;'! .... .:: ~!.,.:8 .z~: :;2 J-':' C Jl 6 -a 
.~ 9.30 12.2c 

12.2
e 

0.5 * * 

42 .7; :>: ~-: : .. 3.~ "- ~ .~.2-;"'~:;;: :>.:_-::'.: ... ~ 76.2a 105.0ao 116.6oC 
139.S

c 
9.5 * 

:.) ~ _i~:.;:- S 2: -:-:t.:- ~ ,... ', ...... 623.3a 
899.2D 

lOO6.7 DC 1091. SC :'0.8 * * 
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Appendix Ta:'le 16 (cont ' d) 

44 Mu Ztifidus dOY'si 111.2 146.9 281.5 169.2 55.2 N.S. 

45 Reatus thoi'aai8 3.2 5.1 6.2 5.5 1.0 N.S. 

46 InteY'aostalz 343.6a 435.6° 512.6 c 
597.4 d 12.2 * * 

47 TY'apezius 57.9a 
73.5 b 102.4 c 113.6d 1.9 * * 

48 0/.10- tl'anveY'saY'1:us 6.8 7.3 8.8 14.1 2.1 ~.S. 

49 Rhomboiâeus 27.7 36.9 b 
44.2 c 

47.4 c 1.8 * * 
50 Latissimus dOi'zi 118.7 172.7b 

199.2c 
269.0c 13.4 '1< * 

51 BY'aahioaephaliaus 50.9 60.2 50.8 71. 3 9.2 N.S. 

52' Sure Y'fiaia l pectoY':2ls 81. 3 97.9 100.6 112.6 7.1 N.S. 

53 AnteY'ioY' deep peatoy·al 94.5a 118.7ab 
141.5 bc 

165.2 c 7.9 * * 
54 ?ostei'io)? deep pq.atoml 157.7a 200.7 b 260.6 c 

30S.3d 11.4 * * 
55 oel'i'atus '.Jenti'2ï,~8 257.0a 342.8° 436.2 c 

480.5c 20.7 * * 
56 DeltoiJ 15.8a 28.0b 

31.2 b 
34.1 b 1.8 * * 

57 3upi'a;;pir.atu3 140.9a 
196.9b 

223.S c 
247.2d 6.2 * * 

58 In.:-'i'aspiiiu. cu.; 117.6a 146.1~ 171.9c 
201.0d 5.2 * * 

59 Te i'e s rna.;"' OP 10.0 17.3 21.2 29.5 8.1 :L S. 

60 Te Y/saY' .. ~"asci~ :2~7 t ibY".1,~n. i i "'. 33.6a 52. SaD 59.2 b 
66.4 b 6.1 * 

61 Tensoi' ..rasei2 
.. .. .... 

14.2 22.0 17.7 5.2 (1;Z L; '!.,:; !"l~CiZ 1...?,.. 23.8 :~ • 5 . 

62 LoY/g :2'f'Zd lar;ei'aZ ;1t2,:2~ -: !'):..~e:; .. ] 258.2a 344. Oh 395.3c 
461.7d ',Jo 3 * * 

63 .'·!~i:'::.Z. :':/3::1.::: ::r':: ~e~.~" 24.0 30.4 27 .4 36.9 3.3 :\.5. 

64 
...... . .. .. 

48.5 68.1 73.0 75.4 6.0 :-;.5. ~~:;~s;:r:t ",::4.r:..~ 

65 C::; J"I:1c~-b!)~ ~:::: .:: :..~ 6.2a 
9.3b 9 .0 . ) 11.1 c 0.2 * * 

66 
. . .... 

28.0a 36.7° :'9.9 D 
.'.5.4 b 4.2 ~"' ... a-;:::2 :.;;-:-a;:..:J<: :. * 

67 
- ....... 

33.23 43.20 
48.4 c 54.2d 1.5 :: 1"_:::1< : _::. /.; ~ .• :; * * 

68 . .; ~: :?::; ;: :.. • .3 8 .3 . ) Il.7b 13. Ob 13.2b 0.5 * * 
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Apptndix Table 16 (cont'd) 

69 ExtensoY' ca.rpi Y'adiaZ7.:s 2.2 * * 
70 ExtensoY' caY'pi obZiquus 2.4 3.0 3.5 6.6 1.0 N.S. 

71 Common digitaZ extensoY' Il.5 15.1 16.2 12.ï 3.5 N.S. 
and extensol' o;~ 2nd digit 

72 ExtensoY' of 4th digit 6.5 8.8 9.8 12.3 1.4 N.S. 

73 ExtensoY' of 5th digit 4.6 3.9 6.5 6.1 1.8 N.S. 

74 PY'onatoY' t~Y'es 0.8 1.2 1.9 3.0 0.8 N.S. 

75 FZexoY' car,pi Y'adialis 6.4 a 
8.9

b 10.0bc 10.9 c 
0.4 * * 

76 FZexor carpi uZnaris 3.2
a 

4.3
b 

4.8
b 

4.9
b 

0.3 * 
77 UZnans ZateY'a Us 3.2 4.9 5.7 4.9 0.7 N.S. 

78 Sup~Y'ficiû digital ."'ZexoY' 18.6a 22.5b 26.1 c 26.8 c 
1.2 * 

79 D " ' .. 7 co7 3::;:.9a 48.0b eep a~g~va~ • ~exor J 1.6 * * 
80 St~Y'"~O cèonaUcus, 0:'-10- 28.0 48.4 

n;Joideus and sterno-
52.1 40.0 9.8 N.S. 

tnY':1o hyoiàeus 

81 ScaZenus üentY'aZis 10.7 15.1 16.1 10.4 1.5 N.S. 

82 Scalenus loY'salis 7.5 Il.6 13.5 14.2 2.4 N.S. 

83 long".A.s :Jolli 18.6
a 

23.1
ab 

1. 9 * * 
84 5Jlenius 59.9 78.3 96.7 89.1 8.4 N.S. 

85 Longissi"".A.s capit.is Œ':d 9.1
a 17.4

b 19.6b 
17.Sb 

2.1 * 
.1tlant:'s 

86 Cc,"";.~le.r".A.s 104.2 129.f. 127.8 152.8 15.6 :L S. 

87 .F?2.~ :~t.:; ~z:. ::.<s 3.0 S.8 4.4 2.9 1.1 :-1.5. 
:.'\'Ji:t:z:.,:S (-::>;':;::'1 ~i:--= .-::::..:·c:r; 

10.4 12.0 12.8 7. 1 2.8 s.s. 

89 
. . . 

~.; ~'):; ~.;.. :':J 9.1 6.4 ï.5 6.0 1.8 s.s. 

21. 3 27. S 27.2 27 .4 1.6 s.s. 

6.1 LB "J.6 10.4 3. l :;.5. 
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Appendlx Table 18 The effect of selected inde pendent variables on the total dissectable 
muscle expressed in terms of standard partial regression coefficients 

Equation 

Variable 1 2 3 4 5 

DOIlUI~IW1:/TIIW f lber diamcter -0.03 

HiUn specl'fic gravlty -0.04 -0.04 

l'IlOIll! ma';,) l' wcight 0.08 0.08 0.09 

Loin cye urcu X carcaSS length 0.31 0.27 0.25 0.26 

Ham wclght -0.38 -0.34 -0.35 -0.37 -0.09 

Carcass weight 0.31 0.31 0.37 0.42 0.37 

Dissectablc muscle in ham 0.71 0.70 0.68 0.72 0.73 

ExplaLned variation (%) 97.6 97.6 97.5 97.4 96.6 

6 

0.32 

0.68 

96.6 

f,·.~~ 

1-' 
~ 
00 
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Appendix Table 19 PALATABILITY SOORE CARD FOR PORK 

JUDGE'S NAME DATE -------------------------------------
AGE 

Score Descrietion 

10 Perfect 

9 excellent 
8 very good 
7 good 
6 high average 

5 Average 

4 low average 
3 fair 
2 poor 
1 very poor 

SAMPLE NUMBER 

Juiciness 

Flavor of lean 

Tenderness 1 (no 
of chews) 

Tenderness 2 (no 
of chews) 

Note: 

1 

Concentrate on, and score, only one quality 
plate at one time. That is, use a different 
plate of meat for judging each quality factor. 

Juiciness and Flavor: 

Give your impression of ]U1C1ness after two 
chews, then assess flavor. 

Tenderness: 

Indicate the number of chews on a given sample 
to the point at which; 1- You would normally 
swallow; 2- An insoluble residue or no inso
luble residue remains. 

Standardize your own technique for assessing 
aIl quality factors. It is not necessary 
that it be the same as that of any other judge, 
but it should be the same for you at each samp
ling periode 

2 3 4 5 6 7 8 

Please check to be sure that you have jud~ed each quality for every sample; 

each of the above squares should contain a number. 

Order of preference: 

Comments: 


