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ABSTRACT
Doctor of Philosophy Animal Science (Physiology)
John Herbert Linton

THE INFLUENCE OF SEX, SLAUGHTER WEIGHT AND CHLORHYDROXYQUINOLINE ON

PROPORTIONAL GROWTH AND CARCASS QUALITY OF CROSSBRED BACON-TYPE PIGS.

Chlorhydroxyquinoline supplementation failed to improve productive
performance, carcass quality, or organoleptic properties, but did alter the
electrophoretic pattern of sarcoplasmic proteins extracted from . longis-
gimus dorsi and M. semitendinosus.

Gilts displayed slower growth rates, and superior carcass quality
than barrows. Significant sex differences were also observed in the chemical
analysis of fat and lean tissue, but organoleptic properties were similar for
botn sexes.

Successive increments in slaughter weight revealed marked differences
for the majority of variables studied. Examples included decreased productive
efficiency; increased dressing percentage, fat/lean ratio, backfat thickness,
fat trim; and total dissectable muscle, fat, and bone. Widely divergent growth
gradients were observed for individual muscles within various regions of the
carcass. Noteable differences were also observed between weight groups in the

chemical composition of lean and fat, but only minor differences in organolep-

tic properties were detected.
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CLAIMS TO ORIGINAL RESEARCH

The first reporr, as far as the author is avare, of the use of chlorhv-
droxyvquinoline as a feed additive for swine.

The first demonstration, as far as the author is aware, of alterations in
the electrophoretic pattern of sarcoplasmic proteins in response to chlor-
hydroxyquinoline supplementation.

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.

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.

The first reported study, so far as the author is aware, comparing the or-
ganoleptic and cooking properties of meat obtained from Lacombe X (Yorkshire
X Lacombe) pigs slaughtered a2t various live weights.

The first evidence, as far as the author is aware, of a lower total crude
protein and stroma plus myofibrillar nitrogen content of . semiteriircrou:
from Lacombe X (Yorkshire X Lacombe) gilts as compared to barrows.

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

S AR

electrophoretic patterns of sarcoplasmic proteins extracted from . ARy

‘mus dorsi and M. cemitendincsus of Lacombe X (Yorkshire X Lacombe) swine

LU

t

as related to sa2x and slaughter weight.

The first provision of evidence, as far as tne author is aware, of wvariations

in the fatty acid composition of ¥. - i=urs lors? intramuscular fat and
R smitendivicaws intermuscular fat of Lacombe X (Torkshire X Lacombe ) swine

as related to sex and slaughter weight.

iv



MEMORIAL . . . . .
ACKNOWLEDGEMENTS
CLAIMS TO ORIGINAL
LIST OF TABLES

LIST OF FIGURES .

TABLE OF CONTENTS

e o e e s e e e & o = e

RESEARCH. . . .« . « « ¢ o « o &+ « o« =

e o e s e s+ s o e e e =

e o & e e ¢ e e s e = e

« e -

Chapter
1. GENERAL INTRODUCTION . . . . . . . . .
2. HISTORICAL INTRODUCTION . . .« « . =« + « « « o « =«
2.1 Methodology in the Estimation of

2.1.1 Techniques Applicable to Live Animals .
Visual appraisal and linear measurents.
Probe measurements. . . . . « + « .« =
Ultrasonic echo . . . . .
Chemical. . . . . . . .
Density . . . . . . . e e e .
Creatinine Excretion. . .
Electrolytes. . . . .
Other . . . . . . . . . « e e .

2.1.2 Methods Employed in the Estimation of
Composition . . . . . . e e e e e .
Linear measurements
Cross-sectional measurements. . . . .
Weight and analysis of sample cuts. .
Specific gravity. . .

2.1.3 Whole Carcass Analysis.
Chemical analysis . e e e .
Anatomical dissection e v e e e e e

2.2 Factors Affecting proportional Composition

Plane ¢of nutrition . . . . . .
Nutrient interrelationship . .
Antibiotics. . . . . . . . .
Hormones . . . +« « « « « « =
Sex. . .
Breed. . . « .« ¢« ¢ ¢ o o o o
Age and weignt . . . . . . .
Exercise . . . . . .

e s+ s e e e e e

-

Body Composition.

.

iii

iv

viii

w

P e
SN CuYWLESSO W

,._.
v

—
1%

—
o~

™

o to e
to

=0 vk &

(VSR CUBFRU RN VO S I S 2 0N

[WN)
LIS NI VIR WO N

I



Chapter

2.3 Characteristics Influencing Eating

the Carcass. . « « » s o « =«
Proportional composition .
Quality of lean. . . . . .
Quality of fat . . . . . . .

EXPERIMENTAL. . . . « « « « « =

3.8

3.9

General. . . . « « « « + « &
Animals. . . . . . . . . .
Rations. . . . . . . .« .
Management . . . < o - o .+ -
Housing. . . . « .« « « .« =«
Feeding.
Weighing . . . . . « . . .
Slaughter. . . « « . « . .« .
Carcass Evaluation . .
Anatomical Dissection. . . .
Organoleptic Evaluation. . .
Cooking procedures . . . . .
Taste panel. . . . ~ . .
Press fluid. . . . . . . .
Chemical Analysis. . . .

« o o e o o . e e

e o o

Muscles . . . . . . .
pH determination.
Protein separation.
Horizontal starch-gel

3.8.1

3.8.2 Fat . .« « « + . .

Statistical manipulations.

RESULTS AND DISCUSSION. . . .

Growth performance . . .
Summary. . o« o « o o o o =
Carcass composition. . .
Sumaary. . . . .
Anatomical Dissection. . . .
Summarv. . . . .« « . - .
Proportional Growth of

SUMMATY. . « « o o o o « = =
Organoleptic Assessment.
SUMMATrY. - « o« = o o = o + =

e e e o s

vi

Individual Muscles. .

Table of Contents (cont'd)

Qualities
electronhoresis

-

Page

of .
43

e e e e . 43

. . o . 44
e e e e e e 49

e e e e . 52
o« e e e e s 52

e e e e . 52
e e e e e e 52
e e e e e 54

e e e e e 54
e e e e e . 54
e e e e e 54
. e e e e . 54
e e e e . 54
c e e e e . 57
e o e e e 58
e e e e e 58
. e . e 59

e e e e . 60

e e e e e 60

.« e . . 60
c e e e e s 60
o e e e s 61
e e e e e . 61
e e e e e . 62
e e e s e . 65
e e e e e . h6
e e e e e 66
e e e . 73

e e e e . 75
e e e . . 83

.. . 86
95

e e e . 97
. e . 104
.« e - .« . . 106
. e . . 110



Chapter

Table of Contents (cont'd)

4.6 Chemical Analysis.

BIBLIOGRAPHY

APPENDIX

4.6.1

Muscle.
General

Starch-gel electrophoresis.

Summary

Fat
Summary

.

Page

111

111
111
115
121

123
127



Table

1.

10.

11.

16.

LIST OF TABLES

Page

Basal feed composition . . . . . ¢ .+ + o o e o . e o e e e .. . 53
Mean growth performance of barrows and gilts . . « « « . . . . . 67

Mean growth performance of crossbred feeder pigs fed various
levels of chlorhydroxyquinoline. . . . . . . . « « « ¢ « « « . = 71

Mean growth performance of crossbred feeder pigs fed to various

slaughter weights. . . . . « « « « o o o o o o o o o 0 0 0o . e 72

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

dean selected slaughter and carcass data for various levels of

chlorhydroxyquinoline (CHQ) supplementation. . . . . - . . . . - 77

Mean slaughter and carcass data for crossbred pigs fed to
various slaughter weights. . . . . < « . .+ « « ¢ o o - o « « « = 79

The influence of slaughter weight on conversion of feed to

saleable carcass componentsS. . « « « « o = « o o o o o o e o e 80

The influence of sex on anatomical composition of the total

right side of carcasses. . . « « « « « « « « o & - . - 87

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

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

The influence of sex on cooking and eating characteristics of

pork loin roasts . . . « + « « o e o . . e e e e e e e e e e e 107

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

The influence of slaughter weight on cooking and eating charac-
teristics of pork loin roasts. . . . . « . . . o ¢ ¢ o . . e e 109

The influence of sex on various chemical analysis of . Icnzizc-

gL M. semizendinse: O B 4

31Tl Aorel an TRLVOTUE e e e e e e

Thne .nfluence of chlorhvdroxyquinoline (CHQ) treatment on

various chemical analvsis of Y. Iougiceimus Zorsi and M. 2evi-
CENTINCEUT o e e e e e e e e e e e e e e e e e e e e e . 113

The influence of slaughter weight on various chemical analwvsis

.nnh: i s g ~ - Pl - ., o~ 1)
of M. lowesigaimus doret and M. SemiIEenNIinOlWl e o e e e e e e e e 11

viii



Table

18.

19.

20.

21.

List of Tables (cont'd)

Page
“fean densicord readings from starch-gel electrophoresis of
M. semitendinosus expressed as a percentage of total . . . . . . 116
Mean densicord readings from starch-gel electrophoresis of
M. longissimus dorsi expressed as a percentage of total. . . . . 117
Mean proportions of various fatty acid components of M. longis-
gimus dorsi intramuscular fat (weight %) . . . . . « . - « « . . 124
“ean proportions of various fatty acid components in intermus-
cular fat adjacent to M. semitendinosus (weight Z) . . . . . . - 125

ix



Figure

10.

11.

12.

13.

LIST OF FIGURES

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

The cummulative rate of gain of barrows and gilts to
various slaughter weights . . . . . « o « « o « o =« =

The cummulative feed efficiency of barrows and gilts
up to various slaughter weights . . . . . . . -« - « - =

The mean growth efficiency of crossbred feeder pigs
to various slaughter weights. . . . . « . . . - - -

The productive efficiency of carcass components to
various slaughter weights . . . . « « « - « « « =« =

The proportional growth of major tissues expressed as
a percentage of mass at 56.7 kg . . . . . o o o e o o0

The productive efficiency of muscle growth to various
slaughter weights . . . « « < « « o o o « o o o0 00 o0

The proportional growth of selected muscles from the
ham region expressed as a percentage cf mass at 56.7 kg

The proportional growth of selected muscles from the middle
region expressed as a percentage of mass at 56.7 kg . . .

The proportional growth of selected muscles from the sihoulder
region expressed as a percentage of mass at 56.7 kg . . . . .

Mean densicord readings from starch-gel electrophoresis
of M. lonzisecimus dorsi sarcoplasmic fraction expressed
as a percentage of the total. . . . . . . « « o o « o ¢ -

The superimposed densicord plot of M. Lonziceirme dorsi

and M. semitenbiinosus electrophoretic separation of sarco-
plasmic proteins from animal S6EL. o o . . e e s e e e e

The relative proportions of the major fatty acid components
of longiszirus dorsi intramuscular fat and semisendincoua

intermuscular fat (weight X). . . . . . « « « o « o o o e o

Page

68

69

74

81

91

93

99

100

101

119

120

128



1. GENERAL INTRODUCTION

Domesticated animals 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 animals. 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 the pig is to survive competition.

The 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-bred 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 weight for
current conditions. The variation existing between sexes in rate of gain
feed efficiency and proportional composition indicate tnat the optimal

slaughter weignt may not be the same for both barrows and gilts.



The main criteria of evaluation was growti rate, feed efficiency
and carcass composition as determined by anatomical dissection. Carcass
measurements, specific gravity , chemical composition, and organoleptic
properties were also determined in an attempt to establish interrelation-
ships which would permit elucidation of the effect of chlorhvdroxvquinoline
supplementation and optimal slaughter weight.

The work reported herein was conducted between September, 1962 and

November, 1965.



2. HISTORICAL INTRODUCTION

The quantity of publications pertaining to the subject presently
under investigation serves as a testimonial to the interest in and the im-
portance of body composition studies. Knowledge on body composition 1is
the result of laborious investigations involving numerous methods of evalu-

ation.
2.1 METHODOLOGY IN THE ESTIMATION OF BODY. COMPOSITION
2.1.1 TECHNIQUES APPLICABLE TO LIVE ANDHALS

Visual Appraisal And Linear leasurements

Numerous animal production workers have attempted to establish
correlations between external body measurements and/or visual appraisal and
carcass quality. (Lush and Copeland, 1930; ceekan, 1941; Willman and
Knider, 1943; Hetzler «¢ zi., 1950; Bratzler and ‘argerum, 1953; Henning
and Evans, 1953; Harrington, 1958a; Robinson = al.,1960;Harringtonez:ai..1963;
Taylor, 1963; Kirton, 1964a; Lewis =t z2° ., 1969). Repor ted correlations have
seldom been large enough to warrant use of the measurements in selection of
breeding stock, or in growth studies. Furthermore, a major limiting factor
in the use of live animal measurements has been the inaccuracy of the mea-
surements themselves.

Visual appraisal or scoring of live hogs is of limited value in
assessment of carcass composition. Experienced livestock men have, however,
demonstrat d their ability to place groups of hogs on an average value basis.
Harrington, - 3-., 19603 Lewis, «<- .., 1969). Live hog tape measurcments
nave been shown to be useful guides to shape, size and.ueight. but not neces-

sarily good guides to lean:fat:bone ratics (¥Morris, =% Z--, 1950).



P ol

Most researchers now agree that differences in conformation of
live animals are only of importance in the prediction of carcass value when

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

Probe 4Measurements

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 ¢z al., 1956). Attempts have been made to establish the accuracy of
probe measurements taken at various sites in the prediction of carcass back-
fat thickness as well as other measures of carcass merit. (Depape 2t al., 1956;
Pearsonez a l., 1957; Harrington 1958a) In general, the correlation between aver-
age measurements taken at various positions on the dorsal surface of the
live animal and percentage of carcass primal cuts have been too small to
permit an accurate prediction of carcass value.

A refinement of the probe technique was developed by Andrews and
Whatley (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 electrodes was 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-
merically under the name "Lean Meter"”, and nas been tested in several countries
(Berg and Bowland, 1956; Dumont, 1957; Harrington, 1958a). Robinson e: zi.,
(1960) studied the relationship between nine different live hog measurements
taken at various ages and weights in relation to carcass yields. They con-
cluded that backfat thickness at the lein ané weignt of hogs at 154 davys of

age explained 42X of the variation in lean cut yield.
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Ultrasonic Echo

Dumont (1957) was the first to report the use of the ultrasonic
echo-ranging technique in the measurement of backfat thickness of pigs. Ul-
trasonic waves were propagated at right angles to tihe skin of the animal and
echoes were reflected from the interface between the muscle and the fat. The
resulting pulses were amplified and displayed as peaks on a cathode ray tube.
The time lapse between the signal and the eciio was found to be proportional
to the distance between 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 tie animal. The method was ob-
served to be rapid, repeatable and harmless to the animal. The agreement
between measurcments of backfat by this method on the live animal and caliper
backfat measurements taken at the same position after slaughter was good.

Subsequently, several research workers have used this technique to
study growth and carcass composition (Hazel & Kline, 1959; Stouffer, 1959;
Price =% 2i., 1960a,b; Stouffer =: al., 1961; Stouffer, 1963; Zobrisky and
Hedrick, 1965; Joblin, 1965; Anderson -.: zl., 1969, Gilles 2: zi., 1969;

Stouffer #: z2., 1969; Jones <: 2., 1970). Although correlations betwcen
ultrasonic backfat thickness determinations and carcass caliper measurcment
was generallv high, some important difficulties were encountered. rirstly,
even slight movement on the part of the pig caused fluctuations in oscillo-
scope readings. Secondly, the fascia produced a responsc on the oscilloscope
which could easily be mistaken for a response from the fat-muscle interface.
Nevertheless, Joblin (1965) reported a correlation of +0.83 between ultra-
sonic backfat measurements on live pigs and fat percentage in the carcass.

Similarlw, Hazel and ¥line (1959) found the correlation between average



ultrascnic prot. Teasurements and percent loin cuts to be -0.90. TFurthermore,
Price . - :c., (1960a) found that live probe measurements, €arcass backfat mea-
surements and measurements made by the ultrasonic method were of equal value
for the predictionlof weight of lean and primal cuts.

Stouffer (1959) developed a method whereby the cross-sectional area
of the loin eye muscle of cattle could be slotted from ultrasonic reflection
measurements taken atdifferent angles of incidence. Prive O° z:., (1960b) ap-
plied the technique to swine by taking soundinzs at onc inch intervals over
the contour of the back at the position of the last rib. Although some sub-
jective judgement was necessary in the completion of the ultrasonic plots, the
means of the estimates of muscle area was not significantly different from the
area of the loin eye muscle measured from tracings of the rough loin. (r=+0 .73).
However, the method was considered too time consuming and tedious for practical
use.

More recently, Stouffer =t .-, (1961) developed an instrument which
would record numerous ultrasonic probings in the form of a mecnanized scan and
which produced the pattern photographical]y. Subsequent adaptations have re-
sulted in the development of an electronic scanning systcm. (Stouffer, 19633
Stouffer =° i., 1969). Although repeatability on successive ultrasonic mea-
surements was good, it was noted that the relationship between ultrasonic and
actual carcass measurements was poor. TIhis was attributed to positional wari-
ation of eve muscle area and fat thickness, to changes in shape and size of
eve muscle due to slaughtering and nanging, and te variations in pressure of
the transducer against the hide.

Recentls, Zobrisky and Hedrick (1963) reported the development of
a simplified ultrasonic procecure for the measurement of levsinEitus loeni o area

in cattle and swine. The procedure was found tc be as accurate as the standard
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procedure, and required 337 fewer measurements and 757 less time.

Chemical

Chemical methods have also been used in attempts to establish
an accurate means of predicting carcass characteristics from live animal
measurements. It has been known for some time that the water content of
animals decrecases as the animal fattens (Murray, 1922; Moulton, 1923). Se-
veral workers have shown that the composition of the "fat-free' body (i.c.,
protein, minerals and water) of many species is relatively constant after
maturity is reached. (Harrington, 1958a,b; Yorris and Moir, 1963; Ponarctto,
1963a,b,c; Bersadeun -t zl., 1963; Ponaretto and Till, 1963).

Ponaretto (1963c) reported that the fat-free body mass contains
water in a fixed proportion (73-747%), that fat-free drv matter is about 807
protein and that the water and fat contents of the animal body are inversely
related. Hence, wstimates of total body water could be used to provide an
estimate of protein, ash and fat. Once the estimate of the "fat-free’ bodv
weight has been obtained, body fat could be predicted by difference from the
total bodyv weiuzht.

The validitv of the assumption that water, protein and mincral

matter in the fat-free body approaches constancy has been questioned. (Clawson
esc cl., 1955; Harrington, 1938a). For e¢xamole, considerable differences hawve

been observed in the ages at which animals become chemically mature. Further-
more, data obtained for voung animals did not fit the straight line relaticn-
ship which had beer. shown te occur if tuerc was a constant percentage of
water on a fat-free basis. However, in clder animals, where tae bodv fat

. .
r At

content ranges freom 350 te 527, the relaticn hetween tedy water and bhoeds

percentages approached linearizv.



This relationship between bodv fat and body water has served
as the basis for the indirect estimation of bodv fat by the solute dilu-
tion technigue. This method involves the intravenous injection of a solutvy,
followed bv subsequent sampling and analvsis to permit calculaéion of the
degree of dilution. Then, by application of the assumed straight line re-
lationship between bodv water and bodv fat, an est imate of body fat can be
obtained.

Harrington (1958a), reviewed the requirements that a solute must
meet in order to be 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
transformed and excreted slowly and at a precisely measurable rate. Further-
more, the solute must be non-toxic in the required dosage and an accuratc,
convenient method for its estimation in blood plasma must be available.

The most commonly used chemical for estimation of total bod
water has been antipyrene. Numerous reports indicate a wide range of cor-
relations between fat content as determined by the antipyrene technigue and
fat centent calculated by direct chemical analysis. (Kravybill -=: slo. 19538
Clawson - @ ., 1955; Harrington 1958a) In addition, little agreement has
been rea~ned on the rate of metabolism of antipyrenc. Because of this,
Dumont (1957) stated that, 'L'emploi de 1'antipvrene doit ctre abandonné si
l1'on veut obtenir une mesure précise de 1'eau corporelle.”

Other solutes employed for the cstimaticn of total body water in-

clude deuterium oxide, tritium, urea, and X—acetyl—i—aminoantipyrenu (Dunont,

1957; Harrington, 1958a; Kav.:® z..,1962: Kircon. 1964a; McManus <21 To.. 1959, .
vetnods ané equipaent necessary for the determination of bodw wiater ©noo
rout ine basis are szill being investigated, but as stated nw Rirten (1948%az,.



"It is doubtful whether sufficient accuracy can be achieved to make the
methods useful for experimental purposes.”

Theoreticallv, a substance perfectly soluble in fat, but insoluble
in other body constituents, could be used for the direct determination of
body fat. Unfortunately such a substance has not been found. Therefore,
attention has been directed to substances having a higher solubility ln fat
than in other components of the fat-free body. For example, nitrogen gas
has been uscd since it is five times as soluble in body fat as in body water.
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 rcquirement for an excessively long "washing-out' period in an
atmosphere of pure oxyzen. Lesser <t 27l., (1952) investigated the anaesthctic
gas cvclooropane and found that the average fat content of ten rats detcer-
mined by this method was exactly the same as the fat content determined bv
ether extraction. However, cyclopropane, and similar gases, are not suitable
for use with pigs because of the excessive length of time required to reach
equilibrium.

Density

Fat has a lower density than other body coastituents (Dumont, 1957;
Harrington 1958a,b; Bennke, 1961; Panarctto, 1963; Holme -.: i., 1963a;
Kirton, 1964b: Standal, 1963), and thercviore, whole bod density may be used
as an index of gross bodr composition. The percentage of fat relative te
body weight has been shown tc dbe inversely proportional to specific gravitr
or density of the bocdxr.

In order to calculate densitv, two observations are necessary --

the mass and the volume. The weight of the animal is easily obtained, but

a measurcment of the velume of an irregularly sthaped bodw, which conteins
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gas-filled cavities, has proven to be difficult. (Harrington, 1958a, b;
Behnke, 1961, Kirton, 1964b). By means of Archemedes principle, underwater
weighing permits calculation of density according to the following equations

(Holme et al., 1963).

density = wt. in air x density 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 gravity of the body.

Sp. Gravitvy = wt. in air
wt. in air - wt. in water

The water displacement method has been used successfully with
human subjects when an estimate for lung volume can be made. (Behnke, 1961;
Kirton, 1964b). In order to circumvent the discomfort of submergence in water
and the resulting struggling of farm and laboratory animals, Lynch =l 2.,
(1963) described a technique using ancsthetised hogs. The method has had
limited application to date.

Animal volume, and hence density, has been determined by the method
of air displacement (Luizzo e¢ 2., 1956, 1958; Harrington, 1958a; Gnaedinger
22 2.., 1963ab; Falkner, 1963; Lim, 1963; Kirton, 1964b) or inert gas dilution
(Harrington, 1958a; Behnke, 1961, Siri, 1961; Foman <:¢ ai., 1963; Gnaedinger
2t 2., 1963a). The air displacement method involved the introduction of a
known volume of air into an airtight chamber. Changes in air pressure were
calibrated against objects of known volume. On theoretical grounds Harrington
(1958a) reported that for the estimate of fat content to be accurate to 1/27%,
the density estimate must be accurate to the third decimal place.

The determination of density by gas dilution has been based on the
dilution of a known volume of gas when allowed to flow from a small ciosed

chamber into a larger closed cnramber containinag the subiect. Harringuen,
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(1958a) reported that the standard deviation for a single measurement of
volume of a subject by this method was 0.15 liters.

However, Gnaedinger =zt 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 high 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 animals were slaughtered and carcasses were ground to provide
samples for chemical analysis. Unfortunately, the relationsnip between body
density and body fat content was poor (r = -0.57). A somewhat closer re-
lationship occurred in fatter pigs than in leaner animals.

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 to make a direct estimate of total body fat
from body density. The fallacv of this assumption is that the density of
fat may be influenced by the diet fed (Harrington, 1958a) and/or the density
of the '"fat-free'" mass may change due to variations in bone/lean ratio since
bone has a higher specific gravity than muscle. (Standal, 1965). This was
further substantiated by Barkes =: zl., (1969) who found that breed differ-
er.ces necessitated tne development of separate regression equations for each
breed. Within breeds, however, specific gravity was found to be a more¢ ac-

curate method of predicting % lean than linear measurements.
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Creatinine Excretion

Increased interest in producing leaner meat, a reflection of
current consumer preference, has led to the development of methods for the
prediction of lean tissue mass jer se.

Brody (1945) showed that urinary creatinine excretion was related
to the lean tissue mass of the animal. In man it has been generally accepted
that there is a relatively constant daily excretion of creatinine which is
affected slightly, if at all, 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 milligrams of creatinine per kilogram of body
weight excreted daily. (West and Todd, 1962).

Studies with beef cattle (Dinning e¢ al., 1949; Lofgreen and
Garnett, 1954; Wurtheir and Stratton, 1957) indicated that protein intake
did not affect creatinine excretion. Nevertheless, rather low correlations
were observed between separable lean tissue of the 9-10-llth rib cut and
creatinine coefficient (r = 0.67) and blood serum creatinine levels (r = 0.55).

Saffle et al., (1958), found the creatinine coefficient to be nega-
tively correlated with the amount of bodv fat in pigs. The highest relation-
ship was found to be between the creatinine coefficient and the lean area of
the loin at the last rib (r = 0.66). Correlatioas of similar magnitude were
found between the creatinine coefficient and packfat thickness, lean cuts,
primal cuts and combined fat, water and protein content of the ham. However,
the live probe measure was found to have a higher correlation with other
measures of leanness than either urinary or blood serum creatinine. Hence,
it was concluded that the live probe method was superior since it was more

closely related to other measures of leanness and furthermore measures were

quicker and easier to obtain.
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Electrolvtes

Recently, tihe body content of electrolvtes has been investigated
for the purpose of predicting the lean bodv mass of live animals. 1he body
content of potassium (Remenchik e: el., 1968; Kirton, 1964a,b) has received
the most attention as it can be estimated by measurcment of the naturally occur-
. . 40 . : L -
ing radioactive isotope (K ) with gamma radiation detectors which are capable
of measuring very low levels of radicactivity (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 mass. Because
tiiere is no potassiwm in fat and very iittle in bone, the higher the propor-
tion of potassium in an animal, or its carcass, the higher the proportion of
muscle tissue. The amount of lean in pork hams has been successfully estimated

. . 40 » < - H = . : 7
from their K content (Kulwich <% 2l., 1958; Kulwich -2 Zc., 1960a,b). 1t was
. . 40 . . .

found that net counts per minute of K per ham was highly associated with the
weight of separable lean per ham (r = 0.96).

Kirton o= =zi., (1963a), Kirton (1963b) (1964a) and Lohman =t ..,
(1968) reviewed some of the errors and difficulties in the use of potassium
relationships for the prediction of leanness in farm animals. In spite of the
high cost of monitoring equipment required, inaccuracies can occur in the mea-
surement of the potassium as well as in the determination of gross body composi~

- . . . . . . .50

tion of tne animal. Since the accuracy in the measurcment of K is propor-
tional to the total number of counts (corrected for background}, the longer
the counting time the greater will be the accuracy¥ of the potassium estimation.
Furt.ermore, as total counts are a function 5f sample sizc, the larger the
sample (until self-absorptionof the radioactiwvity hecomes a prebdlem) tiie more

accurate the potassium estimation.



In addition, biological variability is a limiting factor in
relating potassium and sodium content to body composition. Gillet - I :
(1965) observed variations as high as 34.77 1In the potassium content per
kilogram of muscle when they compared individual muscles from the same
animal. .uscles from Hampshire pigs contained more potassium and less
sodium per unit weight than did muscles from Yorkshire pigs. Variation in
the potassium content of different breeds and in different muscles indicated
that the potassium to muscle ratio was np; constant, and hence was a ma jor
source of error in the estimation of body composition. Further confirmation

I/
P . - . . . s .
of the inaccuracy of K measurements in predicting body composition have

been reported by Stant -¢ z2.., (1968) who found that the relative proportions
of the various tissues did not remain constant between 23 and 91 kg live
weight. In addition, a higher proportion of the total potassium in the car-
cass was found in the muscle with increasing weignt, (Stant - I ai-s 1969).
Doornenbal -2 12i., (1962a) emploved chromium -51 with high precision
to determine red cell volume as an index of "lean body mass'' in pigs. Cuth-

Sertson - - “2i., (1963) were, however, unable to demonstrate a close relation-

ship between red cell mass and dissectable lean tissue in young pigs.

Other techniques which have becn employed to estimate composition
in live pigs include X-ray: (King and Roburts, 1960; Krawbill .z ., 193543
Barrington, 1958a: Stouffer, 1963); Sterec—-photogrammelry (Pierson, 19633
Nirton, 1964a); and biopsy¥ core (Everitt and Carter 1961; Everitt, 19637 Bra-

e L .d

1963; Livingstone -7 I--, 1966). The biopsy tuechnique was demonstrated
to be of practical value in developmental studies, although only pocer curres
lations with lean content were obtained and there =as evidence of adverse

effects of the biopsy operation on the older animals. It is apparent tiat



more fundamentai ruowledge of muscle structure is required before accurate
predictions of bod:y composition from biopsy camples can be obtained.

Experimental results to ddte suggzest that there is no completely
satisfactory method of estimating carcass composition from live animal mea-
surements, but several methods appear to nave promise. An in&rease in the
accuracy of predictions could come from re!inement of current ftechniques, from
new methodology, or by combining results ¢ Lwo or dore methods by the use
of multiple regression.

2.1.2 METHODS EMPLOYED IN THE ESTIMATION OF CARCASS COMPOSITION

wumerous techniques have been cmploved as indices of carcass com=
position since the trend toward consumecr demand for leaner cuts of meat be-

gan.

Linear ‘leasur.ments

Values obtained for various linciar measurements of carcasses have
been shown to be affected bvw the method of me:asurement {Zobrisky -z ., 1959b;
Braude .. .., 1937; Harrington i 1.., 19»1: Harringten. 1962). In vanish
progeny tests the "length'" of a carcass w~u> taken on tin «hilled side while
lving on a cutting table, from the posteri.r peoint of the atlas bone tou the
anterior edge of the gy ~r .~ . s.ilo. Do Great Britain, the "length'” of a
carcass was taken from the junction of rhe tirst rib and the sternum to the
anterior edge of the ..~ .. . ;s .. The measurement was taken either on hot,
cooled or chilled carcasscs hanging :trom the hind legs cither before or after
the head had been removed. FEstimates of the srecision of mcasurement (Braude,
w2 2.., 1957) showed that length measurements taren on the hanging carcass
from the junctrion of the first rib and sternu= o the ©~ Lo o w0 wWere
less susceptable to errors than the Same =€easuresent 1asen 0N carcasses ivaing

on a tatle. Botii of rhese measurcments wCTe DOoTEe accurate thwaan tnat from the
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Atlas bone to the cympnaysis

[0
BS|

Regardless of the accuracy of the m;ésurements themselves, they
are only of importance when they enhance the prediction of carcass leanness.
In general, linear measurements of length and depth have been shown to be of
little value as an index of separable lean. (Harrington, 1961; Harrington,
1962; Bowman, 2¢ al., 1962b; Joblin, 1965).

Pomeroy (1965) rationalized that if linear measurements were to be
of any value in carcass evaluation they must be related to the proportions of
the various tissues obtained by carcass dissection or at least to the propor-
tion of primal cuts. As stated by Pomeroy, (1965), "It is expecting too much
of simple linear measurements to ask them to predict either the proportioﬁ
of swine cuts or the proportion of lean meat in the carcass and little is to
be gained by correlating an assortment of measurements without dissection or
cutting data. It would be more sensible to combine linear measurements to
give measurements of volume since percentages of lean meat and proportion of
prime cuts are essentially measures of volume.'

Measurements of backfat thickness, whether by caliper, ruler or
probe techniques, should also be classified as linear measurements. According
to Buck =2: zi., (1962), caliper backfat measurements have been used as indices
of carcass composition since the beginning of this century. Correlations ob-
tained between backfat measurements and carcass fatness have been observed
to vary with the position of measurement, (Hammond, 1933; Mc!leekan, 1941;
Harrington, 1958a; Buck 2> 2I., 1962; Bowman -2t 2., 1962a; Joblin, 1965) and
between measurement (Harrington, 1958a; Bowman =: zl., 1962b; Joblin, 1965).
Since the whole carcass is a complex arrangement of bones, muscles and fat
depots, Pomeroxw (1965) suggested relating a given measurement to a limited

region of the carcass in which it occurred rather than to the whole carcass.
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Nevertheless, leammeter measurements have been found to provide a good in-

dication of carcass leanness (Bowman ¢t zl., 1962b), in spite of the dif-

ficulty in defining the points of insertion accurately. (Harrington, 1958a,b).
According to Pomeroy (1965) most linear carcass measurements that

can be taken accurately are mainly measurements of skeleton and should not

be considered to be highly related to the composition of the entire carcass

in terms of muscle, fat and bone.

Cross-sectional Measurements

The use of cross-sectional measurements as indices of muscle con-
tent of the carcass have been studied extensively by several workers. The
most common cross-section cut has been through the loin in the region of the
last rib to expose the M. longissimus dorsi. Hammond (1933) and l!cMeekan
(1941) found the loin region to be the latest developing region and for this
reason it was considered to be the most desirable region for cross-sectional
evaluation of muscle and lean content. C(ross-sectional areas of /. Lonziooimus
dor3i have been estimated by tracing on parchment paper (MacKintosh, 1936), by
multiplying the maximum width times maximum depth (icMeekan, 1941, Harrington,
1958a; Buck 2t al., 1962), by photographic techniques (Stull, 1953; Schoonover
ez al., 1957; Corbin et al., 1959; Deans .t 2l., 1959; Schrewsbury 2t «l., 1961)
and by ultrasonic methods (Stouffer <t al., 1961; Stouffer, 1963; Gilles =t zl.,
1969; Anderson eZ a2i., 1969; Stouffer =t zi., 1969; Jones et ac., 1970).

In spite of the intensive investigations designed to devise a simple
and reliable method to estimate M. longicnimus dorsi area, the relationship
between the area of this muscle (loin eve area) and various component parts of
the carcass has been relatively poor (Aunan and Winters, 1949; Kline and Hazel,
1955; Cole ¢: z.., 1960). According to Bowman (1963), the traditional signifi-

cance that has been attached to loin eve area has tended to mask an effective

appraisal of evaluation techniques. Frequently loin eve area has been almost
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regarded as a final criterion of merit, while in reality it is only an
estimator of merit. Bowman (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 al., (1965) found that M. longissimus 101t
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 40Z of the variation in lean cut yield, while backfat thickness accounted
for only 16%Z. Joblin (1965) concluded that eye muscle measurements were not
satisfactory as indices of percentage lean, but that a combination of eye

muscle area and fat thickness appeared promising.

Weight and Analysis of Sample Cuts

The physical and chemical properties of a carcass may be estimated
from the weight and composition of one or more cuts. Lusin (1926) was the
first to examine the relationship between the composition of a single cut of
beef and the whole carcass composition. McMeekan (1941) selected the loin
and leé 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 correlated with muscles of the loin (r = +0.87) and with
auscles of the leg (r = +0.97). It was noteworthy that loin muscles showed
a lower correlation with total muscle than did leg muscles. Neitner leg nor
loin alone showed exceptionally high correlations with the total weight of
far (r = +0.99 and +0.86 respectively).

Aunan and Winters (1949) reported a correlation of +0.80 between
percentage lean in the "loia" cut and percentage of separable lean in tac whole

carcass. The comparable correlation of percentage fat in the loin with scpara-
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ble fat in the whole carcass was +0.82.

The ratio of the weight of certain predominantly fat cuts, to the
weight of certain predominantly lean cuts has been observed to vary with the
fatness of the carcass. (Warner ¢ al., 1934; Harrington, 1958a). Yields
of fat cuts have been observed to vary from 14.6 to 37.1% of the entire chilled
carcass weight (Warner ¢t al., 1934), while the percentage of fat in the "edi-
ble'" portion of the carcass as determined by chemical analysis varied from
28 to 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 tine combined weight of cutting fat
and belly to the weight of ham plus loin varied from 1.09 to 0.60 and had 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 of the vield of lean
cuts (ham, loin, butt and picnic ham) and prime cuts (lean cuts plus belly).
(Jordon, et zil., 1956; Zobrisky 2:¢ al., 1959a,b,c,d). In some instances, lean
cut yield has been taken to be nearly synonomous with total lean. For example,
Zobrisky < 2l., (1959a) reported that there was very little difference be-
tween the weight of loin, ham or shoulder as an index of leanness, which was
actually the yield of the four lean cuts. Correlations observed between loin,
ham and shoulder and the four lean cuts were +0.74, +0.73 and +0.70 respect-
ivelvy. However, Zobrisky 2: zi., (1959b) concluded that the yield of fat
can be more accuratelv measured in the live pig or carcass than the vield of
the four lean cuts. Zobrisky =2: zl.,(1959¢c) found dressing percentage to be

significantly correlated with the vield of carcass trim and leaf fat, and the

vield of "miscellaneous' cuts (feet, tail, kidneys, neck loins and jowls).



The danger of placing too much empnasis on lean cut vield was in-
dicated by Self et z2l., (1957) who cautioned that there was no indication of
composition or quality of lean cuts, nor was the effect of sex, weight and
carcass grade and quality of cuts known. These shortcomings were substantiated
bv Barton 2t zl., (1958) who found that there was a differential response
evoked in the leg versus the loin of sheep in response to hormone implantation.
As stated by Barton 2z al., (1958) "If either joint had been used individually
as a sample of the whole then it is highly probable that a different picture
would have been presented for the effects of the treatment on the main tissues
of the whole carcass". In 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. The usefulness of
chemical analysis of sample cuts in the predictioa of entire carcass composi-
tion has peen further impaired by the problem of preparing homogeneous samples

and moisture losses during processing.

Specific Gravity

The differential density of the various components of a carcass and
the fact that fat nas a much lower density than the "fat-free'' portion of tne

carcass, has stimulated several investigators to study density and/or specific

gravity as a tool in the prediction of carcass composition (Brown &t 2i.,

1951; Whiteman 2z z.., 1353; Pearson 2> .., 1956; Price <: 2., 1957; iiarring-
ton, 1958a; Buck = 2l., 1962; Holme, 1963a; Adam -: 2., 1964; Joblin, 1965,
Standal, 1965; Pearson 2: z2i., 1968; Barkes <: 2l., 1969).

It was found that fat or lean content of a carcass could be as ac-
curately estimated by specific gravity as by the percentage fat or lean cuts
(Brown <2 2.., 1951) and was a more reliable indicator of muscle content or

actual meatiness than the live probe or backiat thicrness (Price . : 1., 1937).



Highly significant correlations were observed to exist between the specific
gravities of hams, loins and shoulders and the specific gravity of the en-
tire carcass. (Whiteman ez al., 1953; Pearson ¢t al., 1956; Price = 2.,

1957). 1In general, higher correlations were found between specific gravity

i
-

of hams and entire carcass specific gravity (Pearson £z al., 1956; Price .:
1957) than observed with other cuts. This tends to substantiate the claims of
earlier workers (Hankins z: al., 1934; McMeekan, 1941; Hetzler <: 2., 1950)
who reported that the proportions of the various tissues of the ham were in-
dicative of the respectivé tissues in the entire carcass. Contrary to this,
Joblin (1965) established higher correlations between the specific gravity

of the "rib-end” and percentage fat in the carcass. The inclusion of the weight
of "trotters" (feet) with specific gravity of the rib-end provided an accurate
estimate of the percentage bone.

Harrington (1958a) proposed that since the relation between specific
gravity and body fat percentage was hvperbolic, the reciprocal of specific
gravity would vield higher correlations. Recent studies have not confirmed this
(Holme, 1963a; Adam =2¢ 1l., 1964; and Standal, 1965), since an increase in the
accuracy of prediction of carcass composition was not observed when specific
gravity was replaced by it's reciprocal.

According to Standal (1963) the specific gravity of the components
of the pig carcass are: fat = 0.952, auscle = 1.064, and bone = 1.199. Since
the prediction of carcass composition is dependent on the fact that fat has a
much lower density than the fat-free portion of the carcass, anv change in the
proportion of muscle and bone could interfere with the predictive accuracy of
specific gravity. Buck -: 2l., (1952) reported that wide fluctuations in the
~uscle/bone ratio were observed between pigs at a given level of fatness. In

addition, the muscle/bone ratio showed systematic differences betwesn Lreeds.
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Adam 2¢ zl., (1964) used the muscle/bone ratio in combination witih specific
gravity in the estimation of percent lean, and found a 12-20% increase in the
accuracy of prediction as compared to specific gravity alone. Standal (1965)
used the weight of metatarsal bones in combination with specific gravity for
the prediction of percent lean and obtained an increase of 157% in tne accuracy
of prediction. It 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 specific gravity 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 specific gravity between breeds re-

ported by Barkes et al., (1969).

2.1.3. WHOLE CARCASS ANALYSIS
The analysis of the whole animal body provides the fundamental basis

for the evaluation of all techniques used to "estimate' body composition.

Chemical Analysis

Lawes and Gilbert, as cited by Harrington (1958a), first used the
metnod 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 nitrogen (by burning
with soda-lime) and ash (by incineration).

This clarifies the statement bv Yorris e zI., (1963), "Although
a method of body analvsis has been available for 100 vears, it is not surpris-

ing that there has been a lack of interest in its use.'



Murray (1922) examined Lawes and Gilbert's data and confirmed their
general thesis that the chemical composition of animals was determined when
the percentage fat was known. As stated by Murray, ''The composition of the
non-fatty matter is practically the same in all, it is not affected by the
condition (fatness), and it varies only to a slight extent with the age of
animals."

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 Morris et al., (1963) in which the animal
body is reduced to a single sample was much less labourious than those described
by previous workers (Murray, 1922, Callow, 1947; Harrington 1958a). Morris «:¢
2l ., (1963) discarded tiie contents of the gastro-intestinal tract and dissected
the carcass prior to freezing it info blocks, which were subsequently minced,
mixed and sampled for chemical analysis.

Sampling may be an important source of error, since homogeneity mav
be difficult to achieve, (Harrington, 1958a). Furthermore, the estimation of
water content is difficult because the tissues constantly lose water by evapora-
tion during processing. The percentage loss has been found to be directly re-
lated to the water content, (Harrington, 1958a). However, Morris (1963) re-
ported only 1% loss with the bovine and less than 1.5% with the ovine.

Chemical analysis has also suffered criticism in that changes in
composition could not be related to changes in conformation unless analysis
was done on small sub-units of the carcass, (Bray, 1963).

In spite of the handicaps, chemical analvsis has been used in several
recent studies with swine (Hill 7 I ., 1962; Osinka, 1962; Henrvy -: .., 1963

Brooks .. ::., 1964a,b; Rauffman <: zl., 1964; Wood =Z: 2l., 1963) with varving
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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 be 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 ¢t ai., (as cited by Harrington, 1958a) used this 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 well-defined
anatomical sections, the position for the subdivision of each joint bpeing fixed
by particular skeletal points. The procedure employed for jointing and dis-
section of the pig carcass has been described in detail by McMeekan (1940a),

and was lqter used by Pomeroy (1941). Similar methods were used with sheep by
Wallace (1948) and Palsson 2% al., (1952). This dissection metnod provided use-
ful information on the general pattern of growth in the sheep and pig, but it
could not’ yield data concerning the proportions of individual muscles, bones

and fat deposits.

Cutbertson <: 2i., (1962a,b) further studied growth and development
on the pig utilizing a technique similar to that described for sheep (Bassett,
1960; Fourie, 1962), and for cattle (Walker, 1961). The carcass was dissected
on a strictly anatomical basis into its individual bones, muscles and major fat
deposits. Muscles and bones were removed, identified and classified according

to tne nocmenclature of Sisson and Grossman (1960). Throughout the dissection
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the carcasses were covered with damp towels to minimize any moisture loss.

The use of this method for the study of growth and development pro-
vided fundamental knowledge of proportional anatomical composition in terms of
individual bones, muscles and fat deposits. Furthermore, it provided a method
for the comprehensive 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 animals of

different weights, sex or breed.
2.2 FACTORS AFFECTING PROPORTIONAL COMPOSITION IN THE PIG

Plane of Nutrition

4

-
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The "level" or '"plane" of feeding has been defined (Lucas «¢ R
1956), as the amount of total digestible nutrients .fed to a pig of a given
weight. The classical studies by McMeekan (1940b,c) dramatically 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 animals which were under-nourished
up to 16 weeks, the early developing parts (head, ears, neck and legs) were
penalized relatively less by inadequate nutrition than the later developing
parts (body depth, loin and hind quarters). In contrast, the nigh plane of
nutrition favoured the later developing parts most. The effect of the planc

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

sized in the following Table taken from Mcfeekan (1940c).



EFFECT OF PLANE OF NUTRITION ON PROPORTIONS OF BONE, MUSCLE AND FAT IN CARCASS

Ratio High-High High-Low Low-High Low-Low
‘fuscle/bone 3.67 3.99 3.76 3.96
Fat/bone 3.48 2.97 4.56 2.22
Fat/muscle 0.95 0.74 1.21 0.51

The treatment which vielded the fattest pigs (low-high) showed a
767 greater quantity of subcutaneous fat than the treatment which viclded the
leanest pigs (low-low). It was concluded that variations in growth rate sig-
nificantly affected carcass composition, and tnat a reduction in growth rate,
during the period when pigs were depositing the most body fat, decreased the
fat deposition in the carcass. The most desirable treatment was considcred to
be a high plane of nutrition up to 16 weeks followed bv a low plane to 200 1bs.

Several other workers have domonstrated that restricted feceding slowed
down the rate of growth and improved grading results (Crampton, -: ., 1954
Lucas <% .., 1956; Bradley, 1964; Llovd, 1964), while other experiments have
failed to show the same beneficial effect (Geurin, 19633 1964). In this res-
pect it is noteworthy that in {cMeekan's experiments, the pigs were fed to
follow extremelv different growth curves, and that the pigs wnich had their
feed restricted from 100 to 200 lbs live weight (HL group) took an average of
46 davs longer to reach bacon weight than those which were fed to appetite (HH
group).

Ha=mond (1961) stated that the tissue growing most rapidiv at the
time was the one which suffered the most as a result of lowering the level cof
autriticn. Anv lowering of the level of nutrition at the lower weights would

severelv restrict muscle growth. The extireze differences in developzental



patterns found to be characteristic of different breeds of pigs led Harmmond
(1961) to state, "In no breed or tvpe 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
affecting the growth of muscle.”

The theory proposed to explain the interplay between nutrition and
the development of different organs and tissues of the body has been called,

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

lustrated schematically in the following figure as presented by Palsson (1955).
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The number of arrows denotes the metabclic rate of the particular
tissue. When nutritive supply is plentiful all tissues of the growing animal,
and/or of a pregnant female, receive sufficient nutrition for maintenance as
well as for normal growth. When the supply of nutrients in the blood stream
is limited one arrow is deducted from each 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 of the arrow for fat 1is
reversed and another arrow is deducted from cach tissue, thus illustrating how
tissues such as brain, bone and fetus continue to grow while muscle growth
ceases and fat is lost to supply the animal with energy. At still lower levels
of nutrition, bone growth ceases and both muscle and fat are broken down for
maintenance.

Joubert (1956) cautioned that it is ecssential not to restrict nutri-
tion below the maintenance level at any time. Pomeroy (1941) found that a sub-
maintenance ration fed to pigs weighing 328 lbs. on average caused a considerable
decrease in muscle. However, fat was lost at an even greater rate, vhich in-
dicated that the tissues were reduced in roverse to Chwir order of development.

Crampton <> zi., (1954) found that quality of the bacon carcass could
be improved by ''diluting' relatively highly digestible rations with fibrous fecds
during the finishing period. Carcass improvement was accompanied by a decreasc
in rate of gain and an increase in length of feeding period. Geurin (1963; 1964)
after an extensive literature review stated, "There is essentially unanimous
agreement of experimental results showing that increased fiber level in the ration
improves carcass grade of marret hogs.' ©Extra fiber or chemically inert material
in the ration reduced the growth rate and carcass fatness, but increased the

ced reguired per pound of gain, since pigs tended to ¢at on an eacergy nasis

re

rather tnan on pouads 27 fecd. Ddressing percentage was alsc lowered on nipa
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fiber rations 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 decreased and time to market is increased, improvement in feed efficiency
may or may not be found, and carcass characteristics in terms of fat reduction
are usually improved, although soft carcasses have been noted. Obviously,
limited feeding is 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 z2i., 1959; Geurin, 1963; 1964; Lloyd, 1964; Bow-
land 1970) hope for future improvement in carcass quality is in breeding animals
that will yield carcasses with a higher percentage of muscle and a minimum of

fat when fed to gain at their maximum.

Nutrient Interrelationships

The research reviewed by Geurin (1963; 1964) showed that a lack of
protein quantity or quality resulted not only in slow inefficient growth but
also poor carcasses. Furthermore, rations moderately low in protein quantity

or quality, or the addition of fat which reduced the protein-energy ratio,

caused significant differences to show up in the carcass of the hog. (Ashton
22 2l., 1955; Bowland -: 2., 1959; Clark -: .., 196l1; Clawson .: .., 1961;
Geurin, 1963; Bowland, 1970). Increasing the productive energy level brought

about changes in the carcass which included nigher dressing percentage, more

backfat production, less lean cuts, lower lean/fat ratios and increased intra-
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muscular fat in the longiscimus Zors? muscle. Increasing the quantity of pro-
tein from 13-25% resulted in a significant decrease in backfat, increased lean
cuts, and decreased intermuscular fat (Clark ¢z 2., 1961). Gillet == al.,
(1962) reported that dietary protein levels of 18-257 in starter and grower
periods (low-low) as compared to 29-25% (high-high) had no bearing upon carcass
composition. However, the pigs maintained on low protein level (12%) during
the finishing phase had significantly fatter carcasses. Converselv, high protein
(21%) fed during the finishing phase produced 0.89 and 1.287 more trimmed and
skinned ham and 0.98% more trimmed loin than the low protein ration. The high
protein ration fed during the finishing period resulted in significantly heavier
biceps Femorus, semitendinosue (P<.01) and semimenirarncsus plus adiuctor muscles
(P<.05). Nevertheless, several workers have shown that higher than normal protein
levels did not result in any further improvement of carcass composition or grade
(Beacom, 1959; Clawson 2°¢ 21., 1961; Geurin, 1963), which indicated that a com-
plete well-balanced ration was important and that extra dietary protein did not
make a better ration.

Protein qualitv (amino acid mave-up) is also important. According to
Clausen (1965), ''The protein requirements of growing meat-type pigs must be de-
fined as the quantities of the essential amino acids, and the quantitative ratio
of these amino acids to one another, which ensure maximum lean meat formation in
pigs."”

If full lean meat formation is te be achieved it was claimed that the
total ration must not only contain the necessary quantities of amino acids in the
correct proportion to one another, but must contain wwitamins of the B-complex in
sufficient quantities to enable the pig to transform the amino acids into lean
meat. Lwvsine or lvsine plus ~echionine, given alone or in combination with

vita=ins of the B-complex, to rations deficient in these amino acids have seen

LS
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shown to result in the same lean meat content in the cross section at the last
rib as obtained bv feeding skim milk as a protein supplement (Clausen. 1965).
‘fethionine and lvsine supplementation has also been shown to improve gains,
feed conversion, nitrogen balance, loin eve muscle area and total vield of lean
muscle (Ostrouski, 1969). Such supplementation has not, however, been able to
reduce the total area of fat in the cross section of the last rib, (Clausen,
1965). It was reasoned that the supplements improved the utilization of the
total ration. The following three basic laws governing lean and fat formation
in the pig vere‘presented bv Clausen (1965):

")]. No pig can form lean meat up to the limit determined bv its
heredity unless its diet contains sufficient quantities of protein
of high biological value.

2. Yo pig can be forced, bv means of extraordinary high levels of
protein in its diet, to produce more lean meat than permitted bv
its nheredity.

3. When the pig's daily requirements for maintenance and lean meat
production have been covered, the rest of the ration must inevit-
ablv be used for the formation of fat, or, in other words, the
more food the pig gets per dav (i.e., the more calories the dailw

ration contains), the fatter it becomes.'

Antibiotics

The beneficial effects of antibiotics on arowth rate and feed efficiencw

in swine have been widelw demonstrated (Catron, 1949; Bowland - zl.. 1951:
Harrington .z .., 1935; Ashton < 2.., 1955; Clausen, 19256: Eraude, 1959
Beacom, 1959; Barber - :.., 1960: Gorrill -t 7., 19%0; Llowd . ° :... 1361-

However., SOoTo

Squibk, 1961, Braude -°: 2., 1962; Beanes, 1963; “eich, 1965).

experiments have indicated that the feedine of antitiotics to swine resulted in




fatter, less desirable carcasses, (Bowland -z <., 1951; Clausen, 1956; Beacom,
1959; Braude T z.., 1962), while other workers found no deleterious effects
(Harrington 2% 2., 1955; Clausen, 1956; Barber - zl., 1960).

Hanson <> 2.., (1955) and Clausen (1936) explained that antibiotics
tended to increase the appetite, and that the response to antibiotics was less
in terms of feed efficiency than in terms of growth. This they explained was
because the increased appetite, under 2. ... ifeeding conditions resulted in
higher feed consumption and greater deposition of fat. Clausen (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 meat in the carcass, and on the grading of pigs according to thick-
ness of backfat.

Hormones

The oral administration of diethvlstilbestrecl and related hormone ma-
terials to feeder cattle and lambs has generally resulted in faster and more ec-
onomical gains and in leaner carcasses. Similar studies with pigs indicate few,
if any, beneficial effects. (Beeson £z .., 1955; Taylor «: sl., 1935; Sewell
s z2., 1957; Tribble =z z.., 1938; Tnrasher :: z.., 1959; Hale =: z2i., 1960).

Likewise, the subcutaneous implantation of stilbestrol either as a single dosc

(Dennison =: <., 1951; Heitman -: .., 1957; Gorrill <2 z.., 1964) or as more
than one dose (Woenhling <: .., 1951; Pearson =: :i., 19532) showed no significant

effects on rate or econcmv of gains, or carcass quality of either barrows or
gilts. Detrizental side effects such as mammary gland and reproductive organ
In con-

development and increased sexual behavior were frequently encountered.

found that a positive relationship existed netween

-

bt

trast, Cahill . :° ., (1959
the amount of stilsestrol implanted and beth size of eve muscle and percent pri-

i e

ported that the izplantation of stilbestrol in barrcus
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had a marked beneficial effect on feed efficiency, on area of loin and on
R.0.P. score when they were 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 with added protein improved rate of gain, feed efficiency and carcass
quality. Hormone implantation of gilts was not found to be beneficial.

Beeson et al., (1955) found that carcasses from testosterone fed
pigs contained heavier lean cuts (hams, loins, picnics and Boston butts) and
lighter fat cuts (backfat, bellies and jowls). Chemical analysis showed that
tlie pigs which had received 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 animals and testosterone fed animals.
Perry et al., (1955) found that carcasses from hogs fed 27 mg or more of methyl-
testosterone per day contained significantly less fat than carcasses from hogs
fed no hormone (from 4% to 14% lighter bellies; from 117 to 15% lighter fat
backs; 11% to 15% lighter jowls; and from 117 to 14% less backfat). A daily
intake of methyltestosterone higher than 27 mg resulted in some additional car-
cass alterations toward a leaner carcass, but this change was far greater be-

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

Sex
Although Fitzherbert in 1534, (cited by Blair e: 2i., 1965) advo-
cated the superiority of entire males (boars) for pork production, the use
of castrates has continued to the present day. Within the past 30 vears
several experiments have been carried out to test the effect of castration
on meat production of pigs~(Hamaond e: z2., 1937; Winters 2> =2I., 1942; Cahill

oozl 1959; Cahill <: zI., 1960; Cahill =z: <., 1961, Charertte, 1961;

vl A-ey
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Zobrisky et al., 1961; Prescott et al., 1964; Blair, 1965; Prescott et al.,
1967). Results have indicated that uncastrated males grow faster, utilize feed
more efficiently and are leaner than castrated males. For example, Blair ez al.,
(1965) observed that daily gains were 8.3% higher (P<.001), daily feed intake
3.7% lower (P<.05) and feed-conversion efficiency 11.3% higher (P<.001) in entire
males than in castrated males. The faster growth of the entire males was reflect-
ed in a significant reduction (P<.05) in days-to-slaughter of 7.2. Furthermore,
maximum backfat thicknesses were 117 less, minimum backfat thickness 15.57% less,
loin backfat thickness 23.3% less, and the cross sectional area of M. longissi-
mus dorsi 14.3% larger in the entire males, than in castrates. Density of sides
was also greater in the entire males (indicating less fat), while no significant
differences were noted in the proportional weight of the fore-cuts (anterior to
last rib), length or dressing percentage.

In contrast, Prescott et al., (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 zl.,
1937; Zobrisky et al., 1961; Cahill et al., 1961; Charette, 1961).

In comparing entire males with females, Blair ez «l., (1965) found
dressing percentages 1.2% less, maximum backfats 2.87 less, loin backfat 13.7%
less, and weight of fore-cuts 1.6% less in the entire males. Density of sides
was also greater in the entire males. There were no differences in lengtns,
minimum backfat, areas of Y. lons7csimws Zorsi or in backfat thickness over tne

eye muscle. Similar results have been reported by other workers, (Charectte,

1961; Zobrisky -: zc., 1961). R
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The comparison of castrated males with females by Blair e: 2i., (1965)

showed that loin backfats were 8.57 less, fat thickness over the 7. conyissivas
dorsi 17.3% less, the proportionate weight of fore-—cuts 1.5% less and area of
m. longiscirus Zorst 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 <t al., 1956; Bowland ¢t al., 1959; Charette, 1961; Buck
2t al., 1962).

Blair et al., (1965) suggest that delayed castration (castration de-
layed until near slaughter weight) or castration by the Russian method outlined
by Baiburtcjan in 1960 should be considered as ways of preventing over-fatness
in castrated males.

Prescott 2t al., (1964) concluded that the use of boars was likely to
pose few problems for the light pork trade and would have 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, Palsson (1955)

related that the different species have undergone vast changes in body propor-
tions and conformation. The "improved breeds'" have reached proportionally a

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

of the body than the wild ancestral species. McHdeekan (1959) pointed out that

proportional changes in growth of the pig were responsible for the differences

between "pork' and "bacon" type. In the "pork" type, breeds such as Berushire

and Middle White go through growth changes rapidly and at 100 lbs live-weight
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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 1bs. live-weight. As stated by YMcMeekan, "If pork-type pigs are carried
to bacon weight, the extra growth is mainly of late-developing fat-tissue and

the carcass is too short, too deep, and too fat for the consumer. Similarily,

if the bacon type is killed at pork weight, it is unfinished with too much waste-
ful leg, under-developed loin and hams, and insufficient fat."

Minor 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 to purebred Yorkshire.
Buck 2¢ al., (1962) found that shoulder backfat thickness was significantly
thicker in Large Whites than Landrace (the differences being about 67 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 shoulder and minimum
loin backfat and sex tended to upgrade too many Landrace pigs and downgrade too
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 ¢t al., (1959) studied the Yorksnhire, two lines of Chester
White and the cross between lines of Chester White and found there were highly
significant differences in average backfat between lines (P<.01). The Yorkshire
at all weights had significantly less backfat than any of the other lines. At
100 lbs, backfat measurements of the pigs from the Chester White cross were in-
termediate between the two parent lines while at 200 1bs. the backfat of the

crosses were no greater than that of the thinnest line.
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Age and Weight

Growth and development, with age and weight increases involve marked
proportional composition changes. According to McMeekan (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 body
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 witn age.

Of greatest importance to the meat producer is tne differential rate
of growtnh of tihe three major tissues, (bone, muscle and fat), and the consequent
changes in proportional composition of the carcass. It has been shown that
bone completes the greatest proportion of its growth earlier in life than either
muscle or fat while fat makes the greatest proportion of its growth later in
life. (McYMeekan, 1940a). This has been substantiated in sheep by Wallace (1948),
Palsson and Verges (1952) and Bassett (1960); in pigs by Pomeroy 2z zi., (1961),
Cuthbertson 2¢ al., (1962a,b); Cuthbertson <t al., (1963); and Pomeroy (1965).

The fact that different intensities of growth exist between different
parts of tue skeleton was first demonstrated in the pig by McMeekan (1940a).

By plotting increases over birth weight of individual bones their relative in-
tensities of growth could be clearly seen. In respect to the bones of the head
and vertebral column, it was found that the 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 slightly more than the srull. As regards

the vertebral column, a growth gradient was noted with the lumbar and sacral
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groups showing relatively greater growth than the cervical and thoracic. Con-
versely, Pomeroy <> zl., (1961) found the thoracic vertebrae were considerably
later developing than the lumbar vertebrae both at 176.1 and 212.5 days of age.
McHeekan (1940a) noted that the ribs and sternum followed the growth pattern

of the thoracic vertebrae fairly closely. The limb bones were found to be re-
latively early developing with their rate of increase falling between the skull,
and neck and thorax. The pelvis showed the greatest prcpertional increase.

Pomeroy =t 2l., (1961) and McMeekan (1940a) cuserved a well-defined
centripetal gradient in rate and order of development of the bones of the limbs.
Proceeding up the limb, the rate of increase of the individual bones over their
birth weight increases.

The Cannon bones made a relatively smaller amount of growth after
birth than did the radius-ulna, and the latter a proportionally smaller amount
than the scapula. Similar observations were made with the cannons, tibia-fibula,
and femur of the hindlimb. Cuthbertson =: 2., (1962b) found that in botn the
thoracic and pelvic limb the more proximal bcnes grew faster than the distal
bones from 30-60 Kg carcass weight but from 68-92 Kg carcass weight this was re-
versed. Furthermore, it was observed that from 50-68 Kg carcass weight rhere
was a fairly rapid growth of length in the bones of the limbs, a rather less
rapid growth in circumference and considerably slower growth in density. This
was taken as an indication that growth cof the organic matrix proceeded more

rapidly than ossification. Conversely, bDetween 68 and 92 Hg carcass weight,

there was a tendency for the length growth to slow down while there was an in-
crease in circumference growth and considerable increases in density. This

phase was characterized br a thickening and ossification of the tones.

McMeeran (19%0a), Pomerow -: x.., (1961) and Cuthbertson -: 4..,

Jal e

o

(19623) found that as with bone, muscles of one arca of the body grow at a dif
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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 to adjacent bone groups. That
is, there was a greater rate and amount 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 metacarpal bones (cannon). A similar centipetal growth gradient was
observed in the pelvic limb with the wave of growth moving anteriorally and con-
verging in the lumbar region (licMeekan, 1940a) and thorax region (Pomeroy €I i,
1961).

Cuthbertson £t zi., (1963) found that at birth the proportion of
muscular tissue in the carcass 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 while the proportions of bone and remainder fell mark-
edlv. Muscle increased by only about 3% of carcass weight from birth to 40 Kg
live-weight. Cuthbertson €2 27., (1962b) found that at 50 and 68 Kg carcass
weight, the weight of muscle considerably exceeded tnat of other tissues, while
at 92 Kg the weight of muscle exceeded that of fat by only a small amount. Al-
though each pig was killed at a fixed weight, rather than a fixed age, the
weight of muscle in pigs at each stage did not appear to be affected by age.
When the data were plotted against the average carcass weight between 1 Kg
(birth) and 50 Kg, 50 and 68 Kg, and 68 and 92 Kg, the cross-over of rate of
growth for muscle and fat was found To occur at about 48 Kg carcass weight.

McMeekan (1940a) found that perinepnric fat (around the kidney) and
retroperitoneal fat (bchind the peritonenium) were tne latest developing depots
~hile intermsuscular fat (between the muscles) was earlier developing, but nct

as earlwv as subcutaneous fat. Converselw, Pomeroy -~ L.y (1361 ) found the



order of development of the main fat depots was intermuscular fat, followed by

subcutaneous fat with per inephric and retroperitoneal last. The divergence be-

tween these results with regard to the order of development of subcutaneous and

intermusculsr fat was considered by Pomeroy -2 2i., (1961) to be due to inten-

sive selection since “c'leekan's exper iments against subcutaneous fat, which has

resulted in a redistribution of fat betwecen the two depots.
Pomeroy -.- ii., (1961) found the subcutaneous fat in the middle region
and then the shoulder.

of the carcass latest developing followed bw the ham

Similar findings were reported by ‘{cMeekan (1940a). As regards intermuscular

fat, regions, Pomeroy -': Zi., (1961) observed the thorax, abdomen, back and loin

were the latest developing, followed by the tail, pelvic 1imb, thoracic 1imb
and neck in that order.

Buck (1963a) compared the carcass quality and performance of litter-
mate pigs slaughtered at 150, 200 and 260 lb: live weight. Comparison of
dissection results indicated that there was 47 more fat and skin in sides from
200 1b as compared to 150 1b Large Whites. The same dif ference was observed
between 260 and 200 lb with the change being similar for both sexes although
heavier hogs experienced a greater increase than the heavy gilts. These fat
increases were accompanied by decreases of 37 in lean and 17 in bone. The
weights of the different cuts as a percentage of side weight did not appear to
change much between slaughter weights. Tor all cuts and for boti sexes, the
percentage of lean meat added in the range of 200-260 1lbs live weight was less
than that for the range 150-200 lbs live weight. This difference was more
severe for nhogs than for gilts especially in the bacw cut. Buck (19463b) observed
that increased lean was asscciateé with increased hene, a larger eve muscle area
and less bacufatr. Carcass conforzaticn score for 2690 15 pigs had a nign negative

association with average bacwkfat and was considered to be indicative that the



extreme amounts of fat on some hogs at this weight adversely affected the
balance of the carcas;.

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 607 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 1b live weight) Berkshire were higher in boneless
ham and ham fat and skin while the light (159 1lb live weight) hogs were higher
in boneless defatted ham, boneless defatted ham cushion and ham bone. The light
group was higher in sirloin and section of loin, while the heavier nogs yielded
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 primal cuts
on live weight and carcass weight basis. This has recently-been confirﬁed by
Bradley (1964) who slaughtered gilts at 150, 175, 200 and 225 1lbs live weight
and found that separable lean production significantly favoured the light weight
carcasses. Likewise, Brooks ez ci., (1964b) in studies of body composition and
feed efficiency changes in swine of 50, 100, 150 and 200 1lbs live weight found
that the net result of developmental patterns was a continuous decline in car-
cass vield of lean and primal cuts as slaughter weignt increased. The greatest
change in development was the increased rate of fat deposition, which accounted

for the entire change in carcass yield as the hogs grew larger.



Exercise

The effect of exercise on proporticnal composition has been studied
in rats, (Kimeldorf et al., 1954) guinea pigs, (Helander, 1961; Brozek, 1961),
rabbits (Helander, 1961; Brozek, 1961) and swine (Skjervold 2: al., 1963).

Kimeldorf (1954), exercised rats by exhaustive swimming. Body weight
loss was extensive in that animals exercised 30 days weighed only 61% of con-
trols. The gluteus m2deus muscle was significantly smaller in exercised animals
on the 30th day of the experiment, but constituted a proportionately larger part
of body weight as compared to controls. In the trained state, cardiac 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 (Brozeck,
1961). The specific gravity of the eviscerated carcass was substantially higher
and total extractable fat was lower. Likewise, soldiers that participated in
3 weeks of strenuous exercise underwent a small decrement in weight, an increase
in total body water, and a small increase in body density and basal oxygen con-
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 exercised group, whereas total N of wet
muscle was higher in exercised animals. No differences between groups wcre ob-
served in sarcoplasmic portein, stroma protein and non-protein-nitrogen. How-
ever, a higher content of myofilamental protein nitrogen was observed in the

exercised group.

Skjervold <: 2., (1963) studied the effect of long term excrcisc on

tre quantity of muscle in pigs. The method of exercising was te place feed in
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a trough which was moved upwards as the animals grew. The height was adjusted

so that the animals had to stand on their hind legs to reach their feed. By

this method the weight resting on the hind legs was increased by about 507, Al-
though no significant difference in muscle development was noted, there was a
slight trend in favour of the exercised group for some characters associated with
muscle development. It was suggested that possibly a more intensive exercise
treatment, for instance feeding many times a day, may have resulted in larger

differences. Nevertheless, the exercise treatment did result in a significant

decrease in the length of some metatarsal and phalanx bones.
2.3. CHARACTERISTICS INFLUENCING EATING QUALITIES OF THE CARCASS

Proportional Composition

According to Palsson (1955), the concept of "meat qualityv" varies
to some extent between countries as well as between markets within a country.
Among the numerous factors contributing to meat quality, the one of universal
importance is proportional composition in terms of bone, muscle and fat. As
stated by Palsson, '"The percentage of muscle should be high and that of bone
low, and just sufficient fat to prevent thne meat from undue drying in storage,
transit and cooking."

A high proportion of subcutaneous to intermuscular fat has also becn
considered desirable (Palsson, 1955). Cuts having a high percentage of inter-
muscular fat are in less demand and consequently are lower priced than thosc
with a lower percentage of intermuscular fat (for example, loin, ham). Pomcrov
(1958) related that consumer preference studies showed that the housewife mainly
wanted joints for grilling and roasting. Such cuts are located in the hind lcz
and along the back where the muscles are aggregated into thick blockw masses with

a minimum of interspersed fat.



Quality of Lean

In addition to the quantity of lean relative to fat and bone, quality
of lean is equally important. Pearson, as quoted by Cook (1963), defines quality
as "that combination of phvsical, structural and chemical characteristics of
meat which results in maximum desirability from the standpoint of appearance and
eatability."”

Colour of lean and fat are important in relation to the appearance of
meat. Cook (1963) pointed out that it is wenerally accopted that the consumer
has definite preconceived ideas as to the optimum colour of meat for each species
of animal. Beef should be a bright cherry red, lamb a purplish red, and pork a
greyish pink. Any deviation from these colours is considered by the consumer to
be an indication of inferior quality.

Most problems with meat colour stems from handling just prior to
slaughter rather than vith animal management (Cook, 1963; Briskey .2 i., 1960a) .
Recent research has elucidated a close rclationship between colour, pd and quality.
Howard (1963) explained that differences in guality of bacon from farm and fac-
tory slaughtered pigs were associated with differences in the ultimate pH of the
muscle. Both the pH differences and corresponding quality differences (uptake
of salt, ease of growth of spoilage orpanisms) could be experimentally brought
about by subjecting the pigs to relativel~ mild transport stress correspond ing
to that between farm and factory. In the aerobic situation in the live animal,
glycogen is converted to lactic acid which is then removed as CO2 while glwvcogen
is regenerated from glucose (Bate-Smith, 1948, as cited by Hammond, 1961). How-
ever, when the system becomes anaerobic after slaughter, the lactic acid remains
within the svstea, regeneration of glvcogen ceases, and pH falls tc an cextent
dependent upon buffering capacitv and on lactic acid produced. The struggling

which sometimes occurs during slaugnter was shown to be responsible for raised



ultimate pH, some glycogen being lost as CO2 before the system becomes anaero-
bic. Severe exercise before slaughter reduces glycogen and also results in
high ultimate pH (Briskey 2t al., 1960a). High ultimate pH of muscite has been
associated with shady, dark colour. 1In beef at pH of 5.6 or below, the colour
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 Briskey (1961)
observed a similar colour pH relationship in pork muscle. They also showed that
pork muscle colour was associated with the rate of post-mortem glycolyvsis, ante-
mortem envirommental temperature, and antemortem feeding practices. Briskey .:
21., (1960a) found that high sucrose rations produced hams which were lighter in
colour and softer in structure than controls, while exercise decreased glycogen,
increased pH, resulted in darker colour and decreased '"expressible' water.
Briskey oz zl., (1960b) reported that wide ranges existed between pork
muscles in ultimate pH values, expressible water percentages and myoglobin con-
centration. Muscles with the highest pH values showed the greatest myoglobin
concentration and were darkest in colour. Myoglobin is reported to function in
the maintenance of high oxygen tension between contractions when blood flow is
inadequate to sustain the high rate of oxvgen utilization by the tissue. Huscles
with larger myoglobin concentrations are those which exhibit slow movements over
a period of time. With regard to expressible water, Briskey =zt zl., (1960a)
stated "It is understood that the exact amount of free and bound water cannot
be determined in muscle. This is an accepted fact since there is no specific
dividing line betwecen the two types of water. In addition, the lack of know-
ledge cf ~meat protein components and the water of hvdration of these components

under different circumstances, limits available measures to a relative status.’

For these reasons the relative free water was referred to as "expressible water'.

The iscelectric point of meat was reported to te about p¥ 5.0, and it nas bteen
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shown that as the pH approaches the isoelectric point there is an increase in
the amount of expressible water. The reverse was observed for muscles with a

high ultimate pH.

In an attempt to establish correlations between expressible water
and meat quality, pressure techniques have been developed. Urbin ¢ 2., (1962)
used a modification of the filter paper press techniques of Wierbichi and
Deatherage (1958) and Briskey et zl., (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 general, tend to discriminate against soft, watery meat
(Cook, 1963). The cause of this soft, uatery condition in pork muscle has been
extensively investigated by Briskey ¢ 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 quality,
colour, pH relationship, since Wismer-Pederson et 27., (1961) observed that 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 McLaughlin (1968) vhen rigor mortis developes in muscle
soon after death, and pH values at or below 6.0 are reached before temperaturc
of the muscle has fallen below 35°C, a marked reduction occurs in the solubilitw
of sarcoplasmic and mvofibrillar proteins. Such changes in the solubility of
the proteins have been associated with pale, soft, exudative post-rigor muscle
(Savre -z :l., 1963; Savre =5: zl., 1964; Borchert i zl., 1964 and 1965; Savre
s 2i., 1966). Although breed differences have been noted in the rate of post-
mortem glvcolrsis, genetic background apparently does not influence the extracta-
bility of muscle proteins before differences in the ratc of post-mortem glveulv-

sis induce changzes in protein solubility (licLaughlin 1968).



Tenderness of cooked meat is a further quality trait important in
assuring consumer satisfaction. Hill (1961) reported that tenderness, texture,
drip on freezing and thawing, and shrinkage on cooking were all related to the
degree of hydration of muscle proteins. Water is reported to be attached to
the protein in muscle by jonizable basic and acidic groups such as occur in ar-
aginine and methionine or by non-ionic groups such as occur in cystine, cysteine,
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, hvdrogen bonds and capillary and surface at-
tractions. The post-mortem decrease in pH was found to be associated with an
increase in the juice expressed on cooking. pH affected the water holding capa-—
city by altering the charges on the proteins. Increases in pH resulted in in-
creases in the charge on the protein and hence a better water holding capacity.
By increasing the water holding capacity, Hill (1961) claims the density of the
fibers will be reduced and the meat will be more tender. Other factors vhich
have been linked with meat tenderness include; breed, age, sex, muscle fiber
d iameter, size of muscle bundles, amount and kind of connective tissue, intra-
muscular fat and muscular activity.

In general, the smaller the muscle fiber, and the more muscle fibers
per bundle, the finer the texture and the more tender the meat (Harrison . : o,
1959; Carpenter 2I Zl., 1963). Increases in the size of muscle bundles with
age was reported to be brought about by increases in muscle fiber size (Joubert,
1956; Hill, 1961), and thickness of connective tissue (Carpenter =@ L., 1963).
Young animals as compared to old, have smaller muscle bundles and more tender

meat. The size of fibers and relation to toughness appear to hold for individual

muscles within the same animal since Ramsbottonm =T 2., (1945) found muscle

fiber size was much greater in the super ficial pectoral, a tough muscle, than



in psoas major, a tender muscle. Furthermore, exerc ise enhances myofilamental
density in the muscle cell, whereas restricted activity reduced mvofilamental
density and increased the sarcoplasmic content. (Hill, 1961).

Intramuscular fat (marbling) has been implicated in tenderness by
several workers (Harrison et zi., 1959; Harrington 2: 27., 1960; Hill, 196l

Henry et 2i., 1963). Harrinston et al., (1960), using both a "echew count'' tech-

nique and the Warner-Bratzler shear device, determined that marbling signifi-

cantly improved the tenderness of pork loin chops. A significant dif-
ference of 1.3 1lbs in shear value existed between the two types of loin. About
38% of the variation in shear value was explained by the amount of intramuscular
fat (r = -0.62). Wang 2t al., (1954) stated that it was not the total amount
of intramuscular fat, but rather the wayv it was distributed that affected ten-=
derness of broiled steaks. They observed a consistent positive correlation be-
tween the amount of "linear' fat of raw meat and tenderness of cooked samples.
Flavour, because of its effect on consumer satisfaction, has stimulated
considerable research into the elucidation of various factors of importance.
Yquch attention has been given to fat-soluble constituents, with only linmited
success. Hornstein 2t 2l., (1960), and Macy -° 1., (1964) have studied water-
extractable components of cooked meat. Randall (1965) studied the sarcoplasmic
proteins (water-soluble) of bovine skeletal muscle and found that there wi. 1
marked change in starch gel electrophoresis pattern between muscles as well as
between aging periods. O5liswen abiominis SEIoPias (tough flank muscle) and
roo2s ~2./2r (tender loin muscle) exhibited vivid differences in densometric plots
of certain protein bands. Pattern changes were also observed as post-mortem
aging time increased, although nearly no change was noted from 24 hours up to

8 days. The sarcoplasmic fraction is beliecved to contain practicallv all the

enzvmes of the auscle cell, including those involved in the anaerobic glwcolwtic



the amount and type of unsaturated fatty acids present. (Amer etz zi., 1970).
Thus it is apparent that excessive dietaryv intakes of unsaturated fatty acids
have an adverse effect on fat quality. Amer et al., (1970) have recently
shown 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 (Clh); palmitic (Cl6); and stearic (C18) and three major
unsaturated fatty acids (palmitoleic (Cl6); oleic (C=18) and linoleic (C2=18)).
Jurgens (1970) noted palmitic acid to be the most prevalent saturated fatty acid
in pork muscle and backfat, while stearic was most abundant in liver. Oleic
acid was the primary unsaturate in all tissues studied. Considerable variation
in fatty acid make-up of adipose tissues has been observed between depot sites.
For example, Sink ¢ al., (1964) found the consistency of depot fat softened
gradually from internal 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 increased with slaughter weight. McMeekan (1940)
observed a decrease 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 in a larger proportion being synthesized from dietary carbouy-
drates. This tendency toward an increased degree of saturation during growth
has also been confirmed by other workers. (Elson 2t zi., 1963; Allen c¢: 2i.,
1967; Elliot et.xl., 1970).

Sex differences have also been noted in that backfat of barrows have
been reported to contain more total saturated fatty acids than that of gilts
(Jurgens ¢z zl., 1970; Elliot =2t al., 1970). The levels of palmitic and stearic

acids were observed to be greater in barrows, while linolenic acid was greater
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cycle. 1In addition, the proteolytic enzymes, the cathepsins, are present in
the water soluble (sarcoplasmic) protein fraction. These cathepsins have long
been implicated in the tenderization of meat which occurs during aging (Randall,
1965). It seems plausible that flavour may also be affected since :lacy ¢ zl.»
- (1964a) reported that the amino acid and carbohvdrate content of meat are ex-
tremely important as potential flavour and odor precursors. The products formed
by the interaction of these materials during heating arc considered to contri-
bute to flavour and/or odor of cooked meat (lacy e aZ.,V1966b).

Recently, Randall and Bratzler (1970a,b) have reported changes in the
solubility and electrophoretic pattern of pork muscle protein in response to
heating and smoking process. The cationic proteins were found to be more heat
stable than the anionic components, while the smoking process further reduced
stainability of the sarcoplasmic proteins. (Randall =: zli., 1970a). Conversely
the myofibrillar protein nitrogen fraction, pH and free sulfhvdryl groups were
increased as a result of heating, but declined in response totne smoking process.
(Randall ez al., 1970b).

Quality of Fat

The chemical nature of fat in relation to quality as indicated by
appearance, flavour, odor, nutritive value and keeping quality has been the
subject of intensive investigation for some time.

The pig, tvpical of non-ruminants, is subject to dietary manipulation
of the fatty acid composition of adipose tissue. vclieekan, 1940; Dahl, 1958a,b;
Jurgens =t 2., 1970; Elliot 2= 2., 1970). Excessive intakes of unsaturated
fatty acids has led to the development of "soft fat” or "oily" carcasses. (Jahi,
1958 a,b; 1960).

Keeping quality and hence consuner acceptability as related to the

developnent of oxidized flavour or rancidity has been found to be a functicn of
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in the backfat of gilts. However, longissimes Zorsi intramuscular fat of
gilts was more highly saturated than that of barrows. (Jurgens =t 2l., 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 swine. For example, Elliot et al., (1970) and Amcr
2t al., (1970) have reported that the effect of supplemental copper whnen ad-
ministered at a level of 250 ppm was to stimulate the production of softer back-
fat as indicated by a decreased melting point. Elliot ¢t al., (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 weights in
response to copper supplementation. The response varied with source of protein
and was postulated as being due to variations in copper complexing properties
between the protein sources. Increased proportions of total unsaturated fatty
acids were attributed to increases in the weight % of monounsaturated (16:1 and
18:1) and diunsaturated (18:2) fatty acids (Elliot -t 2l., 1970; Amer =z: :I.,
1970). Similarily, Jurgens et al., (1970) reported that the total weight 7 of
unsaturated fatty acids (primarily linoleic) was increased with the addition of
vitamin 93 to the diets of growing —~ finishing swine. A trend toward a concomi-
tant reduction in concentration of all the saturated fatty acids was also ob-
served. Interestingly, stearic acid was reduced in Ionzicoi~mus Zors! intramus-
cular fat of barrows, but increased in gilts due to vitamin D3 supplementation.
furthermore, vitamin D, addition to the diet wvas found to result in a reduction

3

of the myristic acid and an increase in oleic acid content of the outer Lacriat

laver.

The foregoing, when considered in relation to the wverv low level of

natural tocopherols 1in pork fat (Amer #: zl., 1970) indicates the importance

of factors affecting the chemical nature of far on the various qualitativ.
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factors associated with storage, rancidity and organoleptic characteristics.

3. EXPERIMENTAL

3.1. GENERAL

The presence of sub-clinical infections, located chiefly in the
gastrointestinal tract, often prevent maximum weight gains and cause reduced
feed efficiency. Chlorhydroxyquinoline (CHQ), a development of the Squibb Re-
search Laboratories (Squibb, 1961) has a broad spectrumof antibacterial activity.
and is non-absorbable and non-toxic when given orally (lHeseltine et al., 1959;
Heseltine 2t al., 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 efficiency.

The possibility of different responses occurring between sexes and
ages of pigs (Bowland 2t 2l., 1951; Llovd et al., 1961) together with the need
for reassessment of the optimal slaughter weight (tacDonald, 1960) led to the
outline of a 4 X 3 X 2 X 2 X 2 factorial design. The studies were conducted at

dacdonald College (McGill) between 1962 and 1965.

3.2. ANIMALS

Ninety-six crossbred feeder tvpe pigs (lacombe sires) X (Lacombe X
Yorkshire sows) comprising 48 barrows and 48 gilts born during the fall of 1962
(Rep. 1) and the fall of 1963 (Rep. 2) were selected for the study. Three bar-
rows and three gilts of uniform weight were selected from each litter and as-

signed to treatments at 22.7 kg liveweight.

3.3 . RATIONS
The diets were standard commercial grower and finisher meal formu-
lations manufactured b¥ E. W. Caroa and Sons Co., Ltd., stontreal, Cuebec. The

composition of the grower and finisher rations are outlined in Table I.
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Table L Basal Feed Composition (%)

Ingredient Grower Finisher
screenings (wheat) i1 25.00 17.50
barley 45.00 25.00
corn 10.00 25.00
soybean meal 9.375 2.50

. meat meal 2.50 2.50
rice meal1 3.125 22.50
mo lasses 2.50 2.50
vitamin mixture 0.25 0.25
trace mineral mixture2 0.125 0.125
limestone 0.625 0.625
iodized salt 0.50 0.50
calcium phosphate 1.00 1.00

100.00 100.00

Product of Mount Royal Rice Mills Ltd., Montreal, P.Q.

2
-

Commercial, Premixes provided by Delmar Chemicals Co. Ltd. !lontreal, Que.

The CHQ was premixed with Cr203 colour marker, then blended with

the mineral and vitamin components to provide levels of 0, 62.5 and 125 gm of

CHQ/ton of complete feed.

homogeneous distribution of the 0.257% Cr,O3 colour marker throughout the complete

feed.

The grower formulation (16% crude protein) was fed until the animals

reached 56.7 kg liveweight, while the finisher (14% crude protein) was fed fronm

The mixing operation was supervised to ensure the

56.7 to 90.7 kg livewveight.



3.4 MANAGEMENT

Housing: - All animals were housed in the Swine Research Building
Macdonald College, in pens designed to confine individualanimalsduringfeeding,
but to allow exercise in groups of three between feeding periods. Therefore,
three barrows from the same litter wvere confined in one pen, while litter-mate
gilts were placed in the adjacent pen.

Feeding: - All animals were individually fed or. a time restricted ad
libitwm program consisting of three 30-minute feeding periods per day. The
conf inement gates were closed and latched after each feeding period to prevent
access to the self feeders prior to the next feeding period. Each pig was
aumbered with colour marking crayon to correspond to its appropriate confine-
ment pen, to ensure that the proper treatment was provided.

Weighing: - All animals and feed residues were weighed and recorded
at weekly intervals, just prior to the noon feeding period. Any animal that
was up to or exceeded its predetermined slaughter weight, was taken off feed
and slaughtered 24 hours later.

Slaughter: - Each animal was stunned by a mallet blow to the skull,
bled by sticking, scalded to facilitate removal of bristles, and dressed as
described by Ziegler, (1963). Kidney fat, liver and heart were removed and
weighed. The carcass was then weighed with head on and placed in a chilling

room for about 24 hours prior to cutting.

3.5 CARCASS EVALUATION

Each carcass was resoved froam the chiller about 24 hours after
slaughter, and reweighed to permit deteraination of chiller shrinkage. The
head was then removed at the atlas bone, weizhed, examined forsignsof rhinitis
and discarded. The carcass was split by carefully sawing down the centre of

the vertebral column while the carcass was ranging on the rail. Tach side was
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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 Montreal com-
mercial cutting methods described by Roache (1964). Each cut was weighed, trimmed
of excess subcutaneous fat and reweighed both in air and water in order to de-
termine specific gravity. A small loin roast was removed from the centre of the
loin, packaged in a plastic bag, labelled and frozen for subsequent taste panel
evaluation.

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 R.0.P. ruler-
square from the anterior tip of the sympaisic pubic to the anterior edge of the
first rib. The ham was removed by cutting 1% in anterior to the tip of the
sympnisis pubis, using the anterior edge of the R.0.P. square as the straight
edge. Likewise, the centre cut was made by sliding the square anterior and
cutting along the straight-edge so as to leave seven lumbar vertebrae in the
posterior cut. Front and back legs were removed by separation at the knee and

hock joints respectively.

Tracings of the cut surface of the "eve muscle" at the position of
the center cut described above were made using polyfilm with one rough side
which permitted mapping of lean and fat with a lead pencil. Tracings were sub-
sequently measured with a Planimeter to determine the loin "eye' area and the
relative area of fat and lean. The method applied to determine fat to lean
ratios is outlined diagrammaticallv in Fig. (1). & triangle was placed over the
tracing so that the right angle touched the edge of the tracing 10.2 cm from the

1’ T e

aid-line cut. The line passed through the intersect point between the M. mulii-

STlus irst and M. lovgiegimus Izrst. Loin eve area and area of fat bounded bv



Figure I

loin tracing at center cut (AB=10.2cm)

loin tracing taken at the position of the centre 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. Longissimus dcrst were taken from the centre of
the muscle at the position of the centre cut 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 specific gravity.

The four R.0.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 right hand side of one animal from each treatment group (24 animals)
was subjected to complete anatomical dissection. The day before dissection cuts
were removed from the freezer but left in polyethylene bags to thaw 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 Pomeroy (1962). Cold, damp towelling was
used to wrap the cut being dissected and thus minimize moisture loss. The skin
and subcutaneous fat were removed together. Where distincrion between subcu-
taneous and intramuscular fat was not obvious, the fat was classified as sub-

cutaneous until it reached the same horizontal level as the two adjacent peri-

pheral muscles. Upon removal of the muscle and adhering intramuscular fat, a
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number tag was attached corresponding to the muscle nomenclature of Sisson and
Grossman (1960). Numbered muscles and adhering fat were then placed in a large
polyethylene bag which was closed tightly immediately after each muscle was
added. :feanwhile a technician withdrew muscles from the same bag and weighed
them before and after removing all adhering intramuscular fat, tendons and blood
vessels. Weights were recorded to the nearest 0.1 gr. The entire . semiter-
dinosis and the lumbar region of M. longdissimus dorsi were saved and re-frozen
to -30°F for subsequent chemical and electrophoretic study.

When all the muscles were removed from the bones of each cut, they
were cleaned of all adhering tissue and weighed together for that cut. That
is, no attempt was made to separate and identify each bone individually as des-
cribed by Cuthbertson and Pomeroy (1962a).

The intramuscular fat surrounding the M. semitendino2is was placed in
a tightly sealed plastic bag and frozen at 0°F for subsequent gas chromato-
graphic analysis.

3.7 ORGANOLEPTIC EVALUATION

The loin roasts taken from the left hand side of each animal (96)

were subjected to organoleptic evaluation in the Home Economics Department of

Macdonald College.

Cooking Procedures

Each roast was placed in a numbered aluminum pan and weighed to the
nearest 0.1 gm. A meat thermometer was inserted into the centre of the .
lomziseimus Zcrsi, and 16 roasts were cooked together in a large commercial hot-
air oven to an internal temperature of 180°F. The 16 roasts selected represented
one from each sex and slaughter weight in the same replicate.

When each roast reached an internal temperature of 180°F, it was re-

moved from the oven and reweighed to determine the evaporation loss during
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cooking. Juices were then poured off and, bv reweighing, the amount of drip

loss during cooking was determined bv difference. Roasts were tightly wrapped

in aluminum foil and placed in a nouse-hold refrigerator overnight.

Taste Panel

The 16 roasts were removed from the refrigerator at about 9:00 a.m.

and rectangular pieces (3/4" X 1/2" X 1/2") were cut from the 7. Loniocimasd
isp3i  so that muscle fibers were parallel to the long axis of the cut. Samples
from eight different roasts were placed in coded positions around the perimeter
of plasticized paper plates, for panel assessment at 11:00 a.m.

Twelve tasters were employed and were presented with two plates of
eight samples representing animals from each sex and slaughter weight classi-
fication. Tasters were requested to use one plate of samples for the assessment
of flavour and juiciness, while the other plate was to be used only in tenderness
evaluation. Samples were rerandomized to different plate positions for subse-
quent panels to avoid having samples from animals of one weight or sex classi-
fication alwavs appearing in the same plate position. B+ this method, every
roast was evaluated for tenderness, juiciness and flavour bw six different in-
dividuals.

Tenderness was estimated br a modification of the chew-count method
described by Harrington == 2., (1960). The tasters were requested to note the
number of chews to masticate the sample to the point at which they would normally
swallow, and also to the peint here an insoluble residue or no residue remained.

Tlavour and juiciness were estimated bv scoring from 1 to 10 where
1 = very poor, > = average, and 10 = perfect. Salt shakers, and a glass of
water were provided for each —ember of the panel. Instructions were ziven to

record their assesszent { iuiciness after the first two chews, to a5Se€sSS Suici-

]

swess and flaveur first, and to avoid swalleowing samples prior T0 tenderness esalu-
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ation. A typical taste panel form is displayed in Appendix Table 19.
The average ratings of the six individuals who evaluated each roast

were subjected to statistical analysis.

Press Fluid

Samples of all roasts presented to the taste panel were subjected to
press fluid determination on the same day the taste panel was conducted. Rec-—
tangular samples (3/4'" X 1/2" X 1/2") from the roasted loin cuts were sandwiched
between two layers of Whatman #2 filter paper and subjected to 2500 p.s.i. in a
hydraulic press for five minutes. Areas of juice penetration in the paper and
flattened meat residue were measured by means of a planimeter. The meat/juice
ratio was then calculated as follows:

(Area of flattened meat )

meat/juice ratio = ( residue ) X 100
(Area of juice penetration)

3.8 CHEMICAL ANALYSIS

3.8.1. MUSCLES
Tue m. semitendinosus and =. lovgiscimus dorsi muscles selected from
one animal of each treatment subgroup in replicate I, were frozen immediately
after dissection and subjected to subsequent chemical analysis.

pH Determination

Z-us Zlorc? weighing 50 gm

7

e
[eY Ry

A cross-section sample of frozen =. Io%

139%

¢

was removed from the mid-loin region with the aid of a fine-toothed saw. Thae
entire 50 gm sample was then homogenized with 50 ml of distilled water in a
Waring Blendor for 1l min. The slurry was then transferred to a ground glass
tissue homogenizer for 1 min additional maceration. the pH was then determined

on the resultant homogenate with the aid of a Beckman Zeromatic pH meter.
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Protein Separation

The sarcoplasmic (water-soluble) protein fraction was separated from
the stroma plus mvofibrillar fractions by a slight modification of the technique

described by Randall (1965) for bovine skeletal muscle.

Ten gm samples were taken from frozen ~i. loigissiwus dorsi and <. 2ei-
cendinosus 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 Waring
Blendor for 1 min. The slurry was then quantitatively transferred to an all-
glass homogenizer for an additional 1 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) was also lyophilized, weighed and stored at about

S el -

-20°C. Dried samples of both fractions of m. Longiscimus <orst and
nocus were subsequently assayed for nitrogen content by the A.0.A.C. (1960)
micro-KjeldaEl method. 'oisture content was determined by difference from the

total dry matter remaining after lyophilization. Total lipid content was de-

termined by the method of Chen 2z 2i., (1965).

Horizontal Starcih-gel Electrophoresis

Sarcoplasmic protein (water-soluble) fractions of . Ilcnziss?

and ~. cemizeniinsous were subjected to electrophoretic separation in a dis-

continuous buffer system.

The apparatus emploved and methods used were similar to thosc¢ des-
cribed ty Randall (1965), except for the following modifications:
1. The pH of the gel buifer was adjusted to 8.6 since preliminar:
runs indicated this to be the optimal pH for distinct separation

of bands.



2. Starch gels were poured using 50 ml of a stock solution of
Tris (0.017:)- HC1 (0.2M) buffer per 450 ml of glass distilled
water.

3. The content of starch (Connaught Medical Laboratories, Toronto)
in rthe gel preparation was maintained at 12% since small varia-
tions were found to alter patterns obtained. The same lot of
starch was used throughout all electrophoretic runs.

4. A €0 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 15 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 gel. Three gels were run for each sample.

Each gel was sliced on a horizontal plane and stained with Amido
Black 10B dye. Unbound dye was removed by washing in 4 changes of 10% acetic
acid over a 45 hr period. Gels were then sliced into individual sample strips
and densitometric plots were obtained using a Photovolt Densicord Model 542 at
a response setting of 8. The relative density of each protein band was deter-

mined directly from the photovolt electronic integrator.

3.8.2. FAT

Samples were taken from the =. Icnzizsinmus iorz? intramuscular fat,

g

and from the intermuscular fat of the ham adjacent to the 7. =2

Sooniti s ef
all carcasses dissected. The samples were then prepared for Gas-Chromatographnic

Analysis in an attempt to ellucidate any differences that may exist between

treatments.



63

The total lipids were extracted using the following modification of
the methods of Bligh and Dyer (1959) and Chen et ai., (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. 1
filter paper. The Waring Blendor and filter were washed with 40 ml chloroform,
which was added to the original filtrate. The filtrate was transferred to a
500 ml separatory 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 two phases. The lower chloroform
layer was then run off into a tared round bottom flask and the solvent was
evaporated on a rotary flask cvaporator in a water bath held at 60°C.

The flask and contents were weighed after solvent evaporation to permit
calculation of the weight of total lipids. The lipid was then dissolved in ethvl
ether and transferred to a sample vial with the aid of a pasteur pipette. The

ether was then evaporated under a stream of nitrogen and the lipid was then

stored under nitrogen in a disiccator at -20°C.

Samples of =. lowz ssimus Zorsi (50 gm) were extracted by the same
technique described above, except that 50 ml of distilled water was added to the

Waring Blendor in the first homogenization step.

Methvlesters were prepared following the procedure of Hvan .:° :..,
(1963). Ten mg of lipid material was dissolved in 4 ml of boron trifluoride-
methanol reagent (BF3ﬁnethanol) and 1 ml benzene in a screw cap test tube. The
air in the tube was replaced by nitrogen gas and the cap replaced securely. The

reaction mixture was then heated to 70° and shaken periodically for a pericn of



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 with 3 ml
portions of petroleum ether. The petroleum extracts were pooled and dried over
!\'aZSOI.-JNaHCo3 mixture (1 - 2 gm, 4:1 mixture) for about 1 hour. The dried
extract was quantitatively transferred to a sublimation tube of the microin-
teresterification assembly with 12.portions of petroleum ether. The solvent
was evaporated under a stream of nitrogen gas while maintained at a temperature
of 0°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 tiien gassed with nitrogen on a continuous basis to ensure tune complete ab-
sence of air during the sublimation procedure. Cold water prepared by looping
flexible plastic tubing through a salt-ice-water bath was passed throught tbc
cold finger during the entire 45 min procedure. After cooling, the assembly
was disconnected and the methylesters of the short chain fatty acids were washed
off the cold finger with 2 ml of petroleum ether.

The cold finger was then re-inserted in the sublimation tube which was
then heated to 60°C and maintained under vacuum of about 0.2 mmHg for 1 iur.
The svstem was then cooled and disconnected to permit washing the cold finger
with petroleum ether to remove the predominantly long chain fatty acid methvl-
esters. The petroleum ether was washings were collected in the same tube con-
taining the washings from the first sublimation. The combined petroleum cther
washings were evaporated to dryvness under a stream of nitrogen while held at

0°C. The vials were then tightlv capped and stored in a desiccator. Eich

s 1

sample was re-dissolved in 0.1 @l of chlorofora (redistilled) immediat cefore

n
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gas chromatographic analysis.

The methylesters of the fatty acids were assaved in an F & ! Model
700*% Laboratory Chromatograph employing a 6 ft copper column packed with di-
ethylene-glycol-succinate and Chromasorb W (12:100). The mobile phase used was
helium gas at a flow rate of 200 ml per minute. The inport, column, and de-

tector temperatures were maintained at 280, 170, and 270°F respectively.

Samples of methvlesters were redissolved in 0.1 ml of redistilled chloroform
and 2.0 ml were injected into the column with the aid of a Hamilton syringe.
The component fatty acids were identified by comparison with chroma-
tograms of standard mixtures of known fatty acid composition (Hormell Institute,
University of Minnesota, U.S.A.) and by homologus series plots. Relative per-
centages of the fatty acids were determined using the ratio of peak areas which

were determined bv triangulation.

3.9 STATISTICAL MANIPULATION

The raw experimental data was transcribed to punch cards and compiled
with the aid of an 1B:! 1620 computer. The initial programs computed the analysis
of variance for all variables. The differences between means of variables dis-
plaving significant "f" values were subjected to Duncan's New Multiple Range
Test as described by Steele and Torey (1960). In addition, the association of

selected variables was examined bv multiple correlation and regression analysis.

*= §&§ M Scientific Corporation,
Avondale, Pennsylvania, U.S.A.



4. RESULTS AND DISCUSSION

4.1 GROWTH PERFORMANCE

The variation between sexes in swine growth performance have been
documented by several workers (Lucas et al., 1956; Harrington, 1958; Bowland
et 2l., 1959; Buck et al., 1962; Blair et al., 1965; Rahnefeld, 1965; Friend
2t al., 1970). Further confirmatory data is contained in Table 2. As antici-
pated, barrows displayed higher average daily gain (P<.0l) and required fewer
days to reach slaughter weight (P<.05). Similarly, feed and efficiency data,
although not statistically significant, indicated that barrows 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) revealed that barrows tended to gain more rapidly overall but reached
a plateau at about 79 kg while gilts reached their maximum rate of gain at about
68 kg.

The amount of feed required per unit gain (feed efficiency) increased
in relation to slaughter weight for both sexes as shown in Fig. 3. Barrows,
however, were somewhat more efficient up to 68 kg live weight wherecas gilts de-
monstrated superior feed efficiency up to heavier weights. This "switch-over"
in efficiency is probably related to sex differences in the shift in physiologi-
cal growth gradient between fat and lean tissues. That is, in barrows more fecd
would be required per unit of gain because of the difference in energy require-
ment of higher fat to lean live weight gain. This presupposes the higher fat
content of barrow versus gilt carcasses of comparable weight. It is therefore
likely that the optimal slaughter weight for maximum efficiency and for pro-
duction mav wvarv with sex as suggested by MacDonald (1960).

Analvsis of variance of growth and performance data revealed that

CHQ had no effect on average daily gain, feed intake, feed cfficiency or daws



Table 2 dean growth performance of barrows aud gilts

Sex
, 3 [tem » . barroy§_‘~~'*_J' gilii" S.E.i Siggéfégance
Noo of animals 48 48
Cummulat ive gain (kg) 50.9 50.7 0.24 N.S.
Ave. dadly gain (kg) 0.58 0.54 0.01 * %
Cumnulative Feed intake (kg) 176.8 176.9 3.6l N.S.
Ave, daily Feed intake (kg) 1.94 1.86 N.S.
Feaed vffic(uncyl 3.42 3.48 0.07 N.S.
Ave. slaughter wt. (kg) 4.5 74.5 0.34 N.S.
Ave days from 22.7 kg to 88 93 *
slaughter
Note Ky feed/kp pain 2 standard error of means 3 N.S. = non significant * = (P<.05) ** = (P<.01)

L9
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required to reach slaughter weight. Furthermorc, tinere was no significant ia-
teraction between CHQ level and slaughter weight. The mean response data are
presented in Table 3. 1t is possible that some benefit may have been obtained
if CHQ had been fed up to 23 kg live weight since some Young piglets exhibited
depressed growtn raté, lack of appetite and mild diarfhea immediately after
weaning. Such performance prevented tnese individuals being selected for ox-
perimental purposes. ilovever, those individuals vhicn remained tarifty up to
23 kg appeared to be over tlie critical period in that their subsequent perfor--
mance was good and was not improved by CHO treatment . Furthermore. the par-
ticularly good environmental conditions provided by daily pes cleaning in a
new research piggery would also suggest it unlikely tnat antibacterial-like sub-
stances would display anv meaningful beneficial response. Thne lack of response

to other antibacterial agents in similar circumstances has becen demonstrated

bv other workers (Smitn »: zi., 19033 Holme ¢ .., L3€3b5 Smith -~ sl.. 1964 .
On tihe other hand CHQ, also failed to increase the productive performance of
lambs (Welcn =2t zi., 1363).

The analwvsis of variance for growth and nerformance data in relation
to slaughter weights revealed several hieihly significant differences. The mean
performance data by slaughter weight grouns is summarized in Table 4. Higniy
significant differences (P<.01) were observed betwee: slaugnter weights for ave
erage daily gain, average dailv feed intake and average éavs required from
22.7 kg to the respective slaughter weizhts. Multiple rance test comparisons

- .
of individual mears revealed that average rate of uain increased from 0.7 ru

to 68.0 kg but remained constant from 68.0 to 90.7 kg. Similarily, averawc

daily feed intawke increased from 56.7 to $8.0 «3g but remained constant from

e
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68.0 to 9C.7. Teed eifficiency declined sipgni
live weight. As expected, there was a aighly gimnificent (P7.01) increas. .

the nuober of davs regquired to Teach rhe next higner slaughter welent.



Table 3

Yean growth performance of crossbred feeder pigs
fed various levels of chlorhydroxyquinoline

ltem

C.H.Q. level (gm/ton)

Signlficance3

0 62.5 125 S.E of F
No of anfmals 32 32 32
Cummulattve gain (kg) 51.0 50.8 50.7 0.29 N.S
Ave daily gain (kg) 0.57 0.57 0.55 0.01 N.S
Cummulative Feed intake (kg) 174.9 180.4 175.4 4.42 N.S
Ave daily Feed intake (kg) 1.87 1.98 1.84 N.S.
Feed of ficiency! 3.41 3.55 3.40 0.08 N.S.
Ave slaughter wt (kp) 4.7 74.5 74.3 0.42 N.S
Ave days from 22.7 kp to 90 89 923 N.S
slaughter
Note 1 Kp Feed/kg gain 2 3

Standard error of means

N.S.

= non significant

T¢L



Table 4 Mean growta performance of crossbred feeder pigs fed to various slaughter weights

ltem 56.70

No of animals 24
Cummulative gain (kg) 33.8‘1
Ave datly gain (kg) 0.52"
Cummulative Feed Intake (kg) 109.2%
Ave daily Feed intake (kg) 1.66
Feod eff e luncy1 3.22°
Ave slaughter wt (kg) 57.7°
Ave days from 22,08 kg to 06"

slaughter

Slaughter weight (kg)

3 Significance

68. 04 79.38 90.72 S.E. of F

2% 2% 2

45.6° 56.3° 67.7d 0.33 x w2
0.56° 0.58° 0.58" 0.02 * %

156.1" 197.2° 245.14 3.61 k%
1.93° 2.00° 2.0 x X
3.45% 3.53" 3.63° 0.10 X

69.1° 80.0° 91.2% 0.48 * %

81° 97¢ 17 x %

Note abed

means with the same supersceript are not significantly different

1 .
Kg feed /kg gain

)

* = (P<.05)
*oa (Pel1)

N.S. = non significant

S E. = standard error

rayA



73

The cummulative efficiency of growth to the various.slaughter weights
is further demonstrated in Figure 4. The growth efficiency (calculated from
the average daily 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 relationship is in agreement with that established by Headley and co-

workers (1961).

Summary:

1. Barrows gained significantly (P<.01) faster thangiits and took significantly
fewer days (P<.05) to reach slaughter weight.

2. The amount of feed required per unit gain increased with successive incre-
ments in slaughter weight. Barrows tended to utilize feed more efficiently
up to 68.0 kg while gilts became more efficient from 68.0 to 90.7 kg live
weight.

3. Chlorhydroxyquinoline supplementation failed to vield any beneficial res-
ponse in growth per formance.

4. The average daily gain increased to a maximum at 68.0 kg live weight (p<.01)
in response to an increase in average daily feed intake (P<.0l)

5. The efficiency of feed utilization decreased significantly (P<.05) with in-
creasing live weight.

6. Significantly (P<.0l1) more days on feed were required for animals to reach
the next successively higher slaughter weignt.

7. The efficiency of incremental growth decreased as live weight increased.
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4.2 CARCASS COfPOSITION

The anlavsis of variance of mean selected slaughter and carcass data
for barrows and gilts revealed several meaningful differences, as spown in
Table 5. Barrows displaved a slightly higher sihrink during fasting than gilts
but the difference was not of sufficient magnitude to reach statistical signi-
ficance. This trend is a reflection of greater gut fill as a result of higher
feed intake in parrows vs gilts. Likewise, barrow carcasses showed a some-
what lower ciniller snrink than gilt carcasses. This might have been antici-
pated if barrows nad been found to have a higher fat to lean ratio than gilts.
The superior loin eyve area (p<.01), and lover fat measurements (P<.0l), to-
gether with thinner back fat measurements (P<.0l1) of gilts tends to validate the
assumption that carcasses of barrows contain more fat than those of gilts.

Tais is furtier substantiated in that more excess fat was trimmed
off shoulders and loins obtained from barrows as compared to gilt carcasses
(P<.01). In contrast, specific gravity of trimmed cuts failed to reflect aa¥
meaningful differences between barrows and gilts, suggesting taat the majority
of extra fat in barrow carcasses was mainly subcutaneous.

Gilt carcasses yielded siightly more total prime cuts as a percen=
tage of total side weight as compared to Darrows (P<.05). Tie ham, aowever,
was the only prime cut observed to be significantly heavier (P<.03) in «ailt
carcasses, although shoulders and loins tended to be slightly hcavier also.
Tnis superiority of gilt carcasses over barrows is further demonstrated in tuc
increased total saleavle components (P<.03) and nigher calculated valuc (P<.93)
of carcasses from gilts versus barrows.

The influence of CHQ supplementation on =ean slaughter and Larcann

data was negligible as is clearly evident from Tabie 6. In fact, tac onlv =iz

nificant effects were of an adverse nature. Tor example, loin c¢re arva wa-



Table 5

Mean selected slaughter and carcass data for barrows and gilt

76

s

Sex

Significance

Iten Barrows Giles S.E. of F
No. of animals 48 48
Slaughter data
Ave. Hot Carcass weight (kg) 54.16 54.08 0.32 N.S
Shrink (%)
fasting 4.44 3.97 0.26 N.S.
Cooler 2.42 2.81 0.18 N.S.
Dressing (%)
Hot Carcass 75.35 74.94 0.44 N.S.
Cold Carcass 73.51 72.82 0.43 N.S.
Carcasg data
Length (cm)’ 73.66 74.47 0.19 .S,
width (cm)1 31.90 31.80 0.15 .
Loin "eve' Area (sq cx:\)2 20.32 22.19 0.29
Fat/lean ratio’ 1.56 1.19 0.04 ..
Back fat thickness (cm)3
shoulder 3.58 3.20 0.07 Ll
mid-back 2.18 1.75 0.04 L
loin 3.00 2.62 0.05 bl
Prime cu:sA (kg)
Ham (trim) 5.58(0.32) 5.70(0.36) 0.04(0.02) * (N.S.)
Shoulder (trim) 4.64(1.06) 4.76(0.97) 0.05(0.02) N.S.(* %)
Lein (trim) 4.22(1.80) 4.30(1.49) 0.04(0.05) N.S.(* * )
Belly (trim) 3.19(0.39) 3.16(0.42) 0.05(0.03) N.S. (% * )
total 17.64 17.%3 0.11 v.S.
2 of side 74.60 77.04 0.74 *
Specific gravity (trimaed cuts)
Ha= 1.05 1.5 0.001 n.S.
Sheulder 1.95 IS Y 0.0u2 %.S.
Loin 1.06 i.0n 4.001 n.S.
Otier Compenaents (ng)
Leaf Fat .53 30 0.01 8.S.
Head 3.50 5.5 0.0% N.S.
Liver Peil i.uE 5.02 %.S.
sidnevs i 21 5.9 *
Iotal saleable = 5 (3! Al L2.27 .23 "
calculated value” (§) 5.7 2a. 71 2.3 .
BEA : .0, mezihnd T trimmed of excess fat
- Smtatned fraimoloin ewe TTACIN@s Wiln planimetes > rrime cuta ~ius spare ribs, ¥idnews.
3 : . 5" Fat, ¥Fnuckles
Zaliser measurement 0o omid-line ful surface - Canada
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Table 6 Mean selected slaughter and carcass data for various levels of C.H.Q. supplementation
Item C.H.Q. level (gm/ton) Significance
0 62.5 125 S.E. of F
No. of animals 32 32 32
Slaughter data
Ave Hot Carcass weight (kg) 54.09 564.19 54.09 0.39 N.S.
Shrink (%)
Fasting 4.74 3.93 3.93 0.31 N.S.
Cooler 2.81 2.60 2.43 0.22 N.S.
Dressing (%) ’
Hot Carcass 75.24 75.19 75.02 0.54 N.S.
Cold Carcass 73.09 73.22 73.19 0.53 N.S.
Carcass data
Length (cﬂl)l 74.30 74.30 73.66 0.24 N.S.
wideh (cm)? 32.05 31.83 32.69 0.18 N.S.
Loin "eye" Area (sq cm)’ 22.00% 21.29%P 20.52° 0.36 .
Fat/lean ratio’ 1.35 1.38 1.36 0.04 N.S.
Back fat thickness (cu)3
shoulder 3.35 3.45 3.35 0.08 N.S.
mid-back 1.88 2.11 1.96 0.06 *
loin 2.82 2.82 2.79 0.08 N.S.

Prime cuts‘ (kg)

Ham (trim)
Shoulder (trim)
Loin (trim)
Belly (trim)

total
% of side

Specific gravity (triomed cuts)

Ha=
Shoulder
Lein

Other Cempenents (kg)

Leaf Fat
Head
Liver
Kidnevs

Total salecazlc coapcnents

Calc:lated value® (5)

32, 5.61(0.32) 0.05(0.03) N.S.
37 4.69(1.04) 0.06(0.03) N.S.
63; 4.23(1.61) 0.03(0.06) N.S.
39) 3.17(0.40) 0.06(0.03) N.S.
17.71 0.13 N.S.
75.32 0.91 N.S.

1.05 0.002 N.S.

1.06 0.002 N.S.

1.Ch 0.001 N.S.

0. 0.02 N.S

5.55 0.07 %N.S

1.12 0.02 %.S.

0.32 .01 %.S

4:.84 9.28 %N.S.
49.11 ¢.33 5.5

R.0.7. methcd

Caliper neasurenent

Abzatned from lotn eve traciags with planineter

5.67(0.38) 5.64(0.
4.71(1.05) &.7C(0.
4.29(1.70) L.27(1.
3.19(0.42) 3.16(9.
17.86 17.7

75.58 76.87

1.05 1.05

1.05 1.05

1.06 1.06

0.51 0.52

5.%6 5.47

1.06 1.12

0.32 0.33

S (kgy 2.20 23.9C

$9.561 49.20
4
. mid-line cut esurface [

Trimed cf excess fal
Prime cuts plus spare rits, Kidneys
Liver, Shanes, Faz, Kauckles

Aased cn 19585 prices zourtesy Canala
Paceers To., Montresl
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slightly decreased and backfat measurements at the mid-back position were
slightly increased in response to CHQ supplementation. However, the data does
not support the findings of Hanson et al., (1955) and Clausen 2z aGc., (1956)
who claimed that the inferior carcasses obtained with antibiotic supplementation
under ad lib feeding was due to an increased appetite and excessive fatness.

As anticipated, marked differences were observed between weignt
classes in the majoritv of items investigated (Table 7). Exceptions as will
be noted included fasting and cooler shrinkage, specific gravity of trimmed
prime cuts, and prime cuts as percentage of side weight. The sizeable increase
in loin eye area (P<.0l) with increasing slaughter weight undoubtedly is large-
ly responsible for the decrease in fat to lean ratio from loin tracings be-
tween 56.7 kg and higher slaughter weights (P<.05). However, with the excep-
tion of shoulder fat thickness, fat thickness increased considerably (P<.0l)
in carcasses from animals fed to heavier weights. In the case of shoulder
back fat thickness the multiple range test revealed no meaningful increase in
fat thickness between the 79.4 and 90.7 kg slaughter weight classes. The
weight of prime cuts (ham, shoulder, loin and belly) increased considerably be-
tween slaughter weight classes (P<.0l). Similarly significant increases were
noted in the fat tricmed from all prime cuts. (P<.0l). It is notewortny also
that there was a trend towards a decrease in prime cut yvield as a percentage

of side weight as slaughter weight increased. Although differences lacked

statistical significance they tend to support the results of Brooks «<: .,
(1964) who found a continuous decline in carcass vield of lean and primal cuts
as slaugnhter weignt increased from 50 to 200 lbs.

A comparison of the productive efficiency of carcass components te

in

various slaughter weights in terms of cummulative feed consumpticn is shown

G
e

Table 8 and is displaved graphically in Figure 5. The preoductive efficien:y
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Mean slaughter and carcass data for crossbred pigs fed to various slaughter weights

Table 7
Slaughter Weight (kg) significance
Item 56.7 68.0 79.4 90.7 S.E. of F
No of animals 24 24 24 24
Slaughter data
Ave Hot Carcass weight (kg) 39,243 48.45° 59.91¢ 68.89° 0.45 .
Shrink (2)
Fasting 3.79 %.72 4.02 6.27 0.36 N.S.
Cooler 2.18 2.73 3.00 2.54 0.26 N.5.
Dressing (2)
Hot Carcass 70.51% 73.45° 77.86 78.785 0.62 ..
Cold Carcass 68.95% 71.42 75.52°¢ 76.77 0.61 .
Carcass data
Length (em)? 69.60% 73.56° 75.08¢ 78.05° 0.27 .
wideh (e=)! 28.72% 30.66° 33.10¢ 3.85% 0.23 .
Loin "eye™ Area (sg cm)’ 16.90° 20.26° 22.32¢ 25.55¢ 0.42 ..
Fat/lean ratio’ 1.50% 1.30° 1.35° 1.21° 0.05 .
Back fat thickness (c=)3
shoulder 2.962 3.35’; 3.63° 3.66 0.10 " .
atd-back 1.57% 1.83, 2.217 2.313 0.07 ..
lotn 2.® 2.59 3.00 3.38 0.08 "
Prise cutq‘ (xg)
Ham (tria) 4.15(0.23%) 5.090(0.357) 0.1;‘:0.35:; 7.:23(0.423) 0.06(0.3) * *(* *)
Shoulder (trim) 3.40%(0.69%) 4.190(0.877)  5.I1501.130) 6.004(1.39,) 0.07(0.3) * &(* %)
Lotn (trim) 3.16%01.053)  3.81.(1.38) 6.£25:1.90C)  5.46%(2.267) 0.06(0.7) * &(* @)
Belly (trim) 2.28%¢0.29%) 2.87°¢0.32%)  3.5:%¢0.47%) 4.03°(0.60%) 0.07(0.4) * #(* *)
total 12.97% 15.35° 16.0%° 22.71¢ 0.15 .o
2 of side 76.68 76.11 75.90 74.80 1.05 N.S.
Spectfic gravity (:rimmed cuts)
Han 1.05 1.04 1.08 1.05 0.002 N.S.
Shaoylder 1.05 1.05 1.05% 1.06 0.003 N.S.
Lotn i.os 1.0 Lo 1.06 6.001 X.S.
‘tner Coaponenzs (ng)
Leaf Fat 5.7%9° 5.02 .
Heat 5568 ©.08 ..
tver 1268 5.02 o
Eidnevs .67 .0 LI
Total saleable conpere=za” kgl 33.73° yrora” .57t 01648 0.32 ..
“ a < 4
faleulazed “aluc (S 3s. 50 se.adt 53.7% ei.ey 5.39 ..
Yote 2 R.7.F e ol s iue azave Tits, alidners, liver, shanis,
: mratmed from lils eye tTacinge wlIn planineter 2amed on 1YY prices rruritesy cof Canasa Pacaere Co

Mostreal

Aissiaving 2iffezent
ferent 7 = TS



Table 8 The {nfluence of slaughter weight on conversion of feed to saleable carcass components

Item

No animals
Feed consumption (ke/hd)
Prime cut vield/carcass (kg)
Total saleable components (kg)
Ratfos:

Feed/prime cuts

Feed/saleable components
Efffciencies: (%)

Prime cuts/feed consumed

Saleable comp/feed consumed

Slaughter Weight (kg)

56.7 68.0
24 24
109.19 156.10
25.94 31.90
30.74 37.78
4.21 4.89
3.55 4.13
23.70 20.43
28.15 24.20

79.4 90.7
24 24
197.16 245.13
38.98 45.42
45.77 53.64
5.006 5.40
4.31 4.57
19.77 18.53
23.21 21.88
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prime cuts was observed to decrease from 23.8% to 18.5% as slaughter weisht
increased from 56.7 to 90.7 kg live weight. The decrease in productive ef-
ficiency of saleable components with increasing slaughter weigat folloved a
similar trend. Thus, it is clearly evident tnat more feed input is required
to produce a given weigiut of saleable carcass components as slaughter wveigit
increases. This decrease in efficiency of conversion of feed to saleable com-
ponents is due in part to the increased maintenance costs of heavier animals
and tne shift in growtih gradient between fat and lean tissue.

Simple correlation ccefficients were calculated for certain carcass
measurement and cut-out data and are shown in Appendix Table I. The majority
of selected variables were hignly correlated (P<.0l1) with prime cut yield, total
saleable components, total fat trim and calculated carcass value. An exception
was fat/lean ratio from tie loin cross secticon traciag, whica was positivel:
correlated with total fat trim but not of sufficient magnitude to be statisti-
cally significant. Similarily, specific gravity measurements failed to display
any significant association with yield of prime cuts, or total fat trim. It
should be indicated, however, that the specific gravityv measurement was deter-
mined on the "trimmed'" commercial cuts from tne left side. Uadoubredly the
relationship between specific gravity and prime cut vield as well as otaer car-
cass quality factors was influenced by the removal of excess subcutanenus fat
and skin which thereby reduced the variation in specific gravity. In coatrast,
extremely high correlations were noted between certain linear measurcments and
carcass quality as indicated by prime cut yield, total fat trim and calculated
value. For example, length, deptin, loin eve area and loin area X carcass lunatn
demonstrated nighly significant correlation coefficients (P<.01) in relatiun to
arime cut yield with r = 0.89, 0.88, 0.83 and 0.89 respectivel . Interestinely,

the correlation betwveen loin eve area X carcass lenegth exceeded the maznitude
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of each independently. Since this combination gives an approximation of the
M. longissimus dorsi volume, the observed higher correlation would support
the rationalization made by Pomeroy (1965) that it would be more sensible to
combine linear measurements to give measurements of volume.

The relationships between caliper backfat measurements and fat trim
from individual cuts, although highly significant (P<.0l1), were of lesser mag-
nitude than aﬁticipated with "r'" values ranging between +0.24 and +0.74. This
is furtiier exemplified through the superiority of individual fat trim correla-
tions witn total fat trim as compared to the correlations for caliper backfat
thickness and total fat trim. Thus it is understandable why estimates of bodyv
composition based on lean meter or ultrasonic measurements taken on live ani-
mals leave considerable to be desired (Harrington, 1958a,b; Stouffer, 1963).

The effect of selected indepeandent variables on the yield of prime
cuts expressed as standard partial regression coefficients is displaved in Ap-
pendix Table 2. Trimmed ham weight, and carcass weight alone accounted for
97.87% of the variation in prime cut vield. Inclusion of ham fat trim, carcass

deptnh, carcass length, dressing % and loin eyve area only increased explained

variation to 98.5%.

1. Significant differences were not observed between sexes for fasting
shrinkage, cooler shrinkage, dressing percentage, carcass length, car-
cass width and weight of total prime cuts.

The yield of trirmed ham was higher (P<.03) from gilts than barrows,

[ES]

while trimmed shoulders and lcins tended to be heavier in gilts but

the differences were not significant.
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The yield of prime cuts (as a 7 of side weight) was significantly
(P<.05) higher from carcasses of gilts than from barrows.

There was a significantly (P<.0l1) greater amount of fat trimmed from
loins and shoulders of barrows, and from bellies of gilts, while no
difference was noted in the fat trim of hams.

The carcasses from gilts had superior loin eve areas (P<.0l), lower
fat/lean ratios (P<.01), and thinner backfat (P<.0l) than those of
barrows.

Signifiéant differences between sexes were not observed in specific
gravity of trimmed cuts.

Carcasses of gilts yielded more total saleable components (P<.05)

and hence had a higher calculated value (P<.05) than those of barrows.

B. Calorhydroxyquinoline (CHQ):

The only significant difference observed in carcass quality attribu-

table to CHQ supplementation was a decrease in loin eye area (P<.05).

C. Slaughter weignt:

1.

Significant differences were not observed between slaughter weights

for fasting or cooler shrinkage, % vield of prime cuts, or specific
gravity of trimmed cuts.

Successive increments in slaughter weignt resulted in significant in-
creases in dressing % (P<.0l) length (P<.0l), widta (P<.0l), loin eve
area (P<.01), fat/lean ratio (P<.035), backfat thickness (P<.01), weight
of prime cuts (P<.0l1), fat trim (P<.0l), total saleable components

(P<.01) and calculated carcass value (P<.01)
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3. The productive efficiency of prime cuts and total saleable components

decreased with successive increments in slaughter weight.

Correlation and Regression:

1. Simple correlation coefficients calculated between various carcass
measurements and cut-out data were in general highly significant
(P<.01). Exceptions were fat/lean ratio from the loin tracing and
specific gravity of trimmed cuts.

2. Multiple regression analysis revealed that carcass weight and trimmed
ham weight accounted for 97.87% of the variation in prime cut yield.
Inclusion of five additional independent variables only slightly in-

creased the amount of explained variation.
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4.3 ANATOMICAL 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), among 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 hams, 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 hams. 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. 1In all 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 was 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 prec-
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 to similar cuts from barrow car-
casses. This is further demonstrated in the cummulative anatomical composition
data for the total right-hand side of the carcasses (Table 9). Subcutaneous
fat and skin as a percent of side weight and the ratio of subcutaneous fat to
bone were found to be significantly (P<.05) lower for gilts as compared to

barrows.
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Table 9 The influence of sex on anatomical composition of
the total right side of carcasses

Sex

1 Significance
Variable Barrows Gilts S.E. of F
Number of animals 12 12
Total weight of side (kg) 22.27 22.73 0.44 N.S.
Dissection data
Muscle:
Total weight (kg) 8.410 8.952 0.115 * *
7% of side 39.31 41.48 0.61 *
Subcutaneous fat & skin:
Total weight (kg) 6.532 5.897 0.200 N.S.
7% of side 30.37 27.22 0.84 *
Intermuscular fat:
Total weight (kg) 3.420 3.237 0.092 N.S.
% of side 15.89 14.93 0.39 N.S.
Bones:
Total weight (kg) 2.218 2.325 0.035 N.S.
%Z of side 10.43 10.93 0.18 N.S.
Ratios:
Huscle/bone 3.78 3.81 0.07 N.S.
Subcutaneous fat/bone 2.92 2.52 0.10 *
Intermuscular fat/bone 1.53 1.38 0.05 .S,
Muscle/subcutaneous fat 1.29 1.55 0.07 N.S.
Muscle/intermuscular fat 2.49 2.79 .10 N.S.
Muscle/total fat 0.85 0.99 0.N4 *
1 S.E. = Standard error
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This data substantiates observed differences in commercial cut-out
from the left side of the carcasses and supports the findings of other workers
(Lucas et al., 1956; Bowland ¢t al., 1959; Buck et 2l., 1962; Blair et zi.,
1965) who found that carcasses from gilts were generally superior to those ob-
tained from barrows.

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 nams decreased signifi-
cantly (P<.05) with increasing levels of CHQ supplementation. However, signi-
ficant differences were not observed in any of the other variables 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 11 and in Appendix Tables 9 to 11 inclusive.
As anticipated there was a highly significant (P<.0l) increase in the weight
of all separable tissues as slaughter weight increased. However, 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 tie
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. This, togetner witih 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 differential growtngradients for the various tissues.

Furtner evidence of a differential growth gradient between muscle,
fat and bone is observed when the mass of tissues at various weigits are plotted

as a percentage of the respective tissue mass at 56.7 kg as shown in Figure 6.
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Table 10 The influence of C.H.Q.
composition of the total right side of the carcass
C.H.Q. level (gm/ton) | Significance
Variable 0 62.5 125 S.E. of F
Number of animals 8 8 8
Dissection data
Total side wt (kg) 22.51 22.83 22.08 0.54 N.S
HMuscle:
Total wt (kg) 8.965 8.468 8.611 0.140 NX.S
% of side 40.81 39.60 40.78 0.74 N.S
Subcutaneous fat & skin
Total wt (kg) 6.390 6.436 5.817 0.246 N.S.
% of side 29.05 29.86 27.48 1.02 N.S.
Intermuscular fat
Total wt (kg) 3.354 3.354 3.277 0.112 N.S.
7% of side 15.43 15.51 15.29 0.48 N.S.
QA
Bones S
Total wt (keg) 2.223 2.274 2.318 0.043 N.S.
7% of side 10.29 10.72 11.04 0.22 N.S.
Ratios:
Muscle/bone 3.99 3.70 3.70 0.09 N.S.
Subcutaneous fat/bone 2.84 2.81 2.51 0.12 N.S
Intermuscular fat/bone 1.50 1.46 1.39 0.07 N.S
Muscle/subcutaneous fat 1.41 1.33 1.53 0.08 .S,
Muscle/intermuscular fat 2.66 2.57 2.70 0.12 N.S.
fuscle/total fat 0.91 0.87 0.96 0.04 NS,

1

S.E. = Standard error



90

Table 11 The influence of slaughter weight on the anatomical
composition of the total right side of the carcass

Slaughter weight (kg) Signi-
ficance
Variable 56.7 68.0 79.4 90.7 S.E. of ¥
Number of animals 6 6 6 6
Dissection data
. a b c d
Total side wt (kg) 15.26 20.04 23.42 27.46 0.63 * *
Muscle:
a am, D c --od
total wt (kg) 6.14;b 8.47gb 9.74g lO.Dag 0.162 * %
7Z of side 40.31 41.28 41.61 38.38 0.86 N.S.
Subcutaneous fat & skin:
total wt (kg) 4.440a 5.634b 6.639C 8.146d 0.284 * *
7 of side 29.04 28.15 28.33 29.66 1.18 N.S.
Intermuscular fat:
total wt (kg) 2.315%  3.117°  3.565¢  4.3169 0.130  * =
% of side 15.16 15.52 15.20 15.76 0.56 N.S.
Bones:
total wt (kg) 1.7712 2.16%5 z.asgc 2.6753 0.049 * %
% of side 11.61%  10.79 10.58°¢  9.74¢ o0.25 *
Ratios:
Muscle/bone 3477 3.33%  3.94%  3.95° o.10 *
Subcutaneous fat/bone 2.53 2.61 2.68 3.06 0.14 N.S.
Intermuscular fat/bone 1.31 1.44 1.44 1.61 0.08 N.S.
Muscle/subcutaneous fat 1.42 1.47 1.47 1.24 0.10 n.S.
Muscle/intermuscular fat 2.67 2.69 2.75 2.47 0.14 N.S.
Muscle/total fat 0.92 0.95 0.95 0.85 0.05 i.S.
1 -

S.E. = Standard error

abcd . . i . C s ii e
means displaving similar superscripts are not significantly diffe
(P<.05)
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It 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
growth gradient is similar to that reported by McMeekan (1940) and Cuthbertson
et al., (1962b).

The shift toward increased fat deposition, together with a higher
maintenance requirement for heavier animals resulted in a decrease in the ef-
ficiency of muscle growth as shown 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 weight.

The calculation of simple correlation coefficients for selected
gross dissection data and certain carcass variables revealed several highly
significant relationships as shown in Appendix Table 12. The dissectable
muscle, bone, subcutaneous and intermuscular fat from the individual R.0.P.
cuts were nighly correlated with the respective tissue weights in the total
right hand side (P<.01), with observed ''r'" values ranging between +0.56 and
+0.98. The highest correlations were between muscle content of the middle
R.0.P. cut 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 higher relationship with bone content of middles (r = +0.94)
than with bone content of hams (r = +0.89) or shoulders (r = +0.78). Like-
wise, subcutaneous fat and skin in the total side displaved a higher correla-
tion with subcutaneous fat and skin in middles (r = +0.97) as compared to hams
(r = +0.89) or shoulders (r = +0.92). Intermuscular fat content of total side

was not as highly associated with intermuscular fat content of individual cuts
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as indicated by somewhat lower correlation coefficients. (Ham, r = +0.73;
middle, r = +0.75; shoulder, r = +0.69).

The association between caliper backfat measurements and dissectable
subcutaneous fat content of individual cuts ranged between r = +0.57 and
r = 40.81. Caliper backfat measurements at the loin position yielded higher
correlation coefficients witi subcutaneous fat and skin content of ham and
shoulder, (r = +0.77 and r = +0.81 respectively) wvhile 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 tne mid-back
(r = +0.72) or shoulder position (r = +0.61). This tends to support McHeekan's
(1940) suggestion that backfat measurements at tne 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 eye tracings were found to iiave low and insignificant correlations
with separable tissue content of individual R.0N.P. cuts or total right side
of the carcass. Conversely, loin eye area, and loin eve area X carcass length
vielded highly significant correlations with the composition of each cut as
well as that of the total side. Also, as observed in the commercial cut-out
of the left side of the carcass, loin eve area X carcass length was more close-
1y associated with the composition of each cut and total side than was loin
eve area alone.

As anticipated, carcass weight was highly correlated with total
dissectable fat, muscle and bone from each R.0.P. cut as well as from the total

side.
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Standard partial regression analysis of selected variables with

total dissectable fat as the dependent variable is summarized in Appendix

Table 13. The analysis revealed that over 897 of the variation in total dis-
sectable fat was attributable to variations in ham subcutaneous fat plus skin
and carcass weight. The inclusion of leaf fat veight and caliper backfat
thickness (loin) account for a small improvement in predictive accuracy, but
ham intermuscular fat, fat/lean ratio from loin tracing and specific gravityvy

of the ham accounted for very little of the variation in total dissectable

fat.

Summary:

Anatomical dissection data revealed that:

1. There was a significantly (P<.01) greater amount of total dissectable
muscle in gilt carcasses than barrow carcasses.

2. Carcasses from barrows vielded a significantly (P<.05) higher subcutaneous
fat/bone ratio, and lower muscle/subcutaneous fat, and muscle/total fat,
than did carcasses from gilts.

3. CHQ supplementation resulted in a significant (P<.03) decrease in tne ratio
of intermuscular fat/bone. Significant differences were not observed for
any otner variables in response to CHQ supplementation.

4. There was a highly significant (P<.0l) increase in the weight of all separa-
ble tissues with successive increments in slaughter weight.

5. There was a significant (P<.05) increase in the ratio of intermuscular
fat/bone, and subcutaneous fat/bone as slaugihter weight increased fronm
79.4 to 90.7 kg. The muscle/bone ratio increased significantly (P .03)
with successive increments in slaughter weight from 56.7 tco 79.4 kg, Lut

was not increcased between 79.%4 and 90.7 kg.



10.

11.

96

The rate of subcutaneous and intermuscular fat deposition increased while

the rate of muscle and bone growth decreased between 79.4 and 90.7 kg live-

weight.

The productive efficiency, in terms of muscle mass produced per unit weight

of feed consumed, decreased markedly witi successive increments in slaugiter

weight.

Tne dissectable muscle, bone, subcutaneous fat, and intermuscular fat from
the individual R.0.P. cuts were highly correlated (P<.0l) with the res-
pective tissue weights in the total right side of the carcass. (Appendix
Table 12).

The ratios of lean/fat obtained from ham grid photos, and fat/lean from
the loin eve tracings yielded low and insignificant correlations with
separable tissue content of individual R.0.P. cuts or total right side.
(Appendix Table 12).

The loin eye area, and loin eye area X carcass length vielded highly sig-
nificant (P<.0l) correlations with the composition of eachi R.D.P. cut as
well as that of tie total side. (Appendix Table 12).

Tne carcass weight was highly correlated (P<.0l) with total dissectable
fat, muscle and bone from each R.0.P. cut as well as from the to:al sidec.
(Appendix Table 12).

Standard partial regression analvsis of selected independent variables
revealed that over 89% of the variation in total dissectable fat was at-
tributable to wvariations in ham subcutaneous fat plus skin, and carcass
weight. Tnae predictive accuracy was increased to 92.0) by the inclusion

leaf fat weight and caliper backfat (loin) measurements. Intermuscu’ar

"o

c
fat, specific gravity and fat/lean from the loin tracing acccunted for werw

little of the wvariation in total dissectable fat. (Appendix Table 13).
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4.4 PROPORTIONAL GROWTH OF INDIVIDUAL MUSCLES

The relative weights 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. (icMeekan, 1940a; Pomeroy and Cuthbertson, 1962b).

However, there was a general trend toward heavier weights for similar muscles

obtained from gilts as compared to barrows. The magnitude of these differences
attained statistical significance in the case of ;
and ilizcus (P<.05); Gactrocnemius, Scleus and superricial diz
(P<.05); Coraco brachialis (P<.05); and rectus easitus derzalis (minor and major)
(P<.05). Thus, it is apparent that gilts have superior muscling at the same
live weight as compared to barrows. Lcnzicsimus dcrei fiber diameter failed to
reveal any differences between sexes.

Chlorohydroxvquinoline supplementation had no neaningful beneficial
influence on individual muscle growth as is evident from Appendix Table 15.
Although statistically significant differences werenoted for fartorius (P<.05):
“lezor digivalis longus (P<.03); crarzziuz (P<.05); sunsuczenatus (P<.03);
Lateral nead iriczrs (P<.05); Coraec-Srz2niziiz (P<.01); and oiifzuis 2aiictus
(anterior and posterior) (P<.05), there was no consistent trend in direction or
magnitude of differences. Taus, it would seem likely that obtserved differences
were prooably due to ciiance variation.

The influence of slaughter weight on muscle development is clearly
evident from the data presented in Appendix Table 16. As anticipated, individ-
ual muscle weight increased directly wita successive increments in slaugliter

weight. The majority of differences between muscle weight at various slaugihter

weights were highlv significant (P<.21).
g gasl
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The application of Duncan's nultiple range test to various mean
muscle weights revesaled several muscles which did not substantially increase
in weight between 79.4 and 90.7 kg, while others demonstrated continued growth
as slaughter weight increased.

The variation in individual muscle growth is further demonstrated
in the comparison of the proportional growth of selected muscles from ham,
middle and shoulder regions of the carcass expressed as a percentage of their
mass at 56.7 kg as presented in figures 8, 9, and 10 respectively. The widely
divergent growtu gradient for muscles within each region are readily apparent.
Cuthbertson and Pomeroy (1962b) reported that there was 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 girdle
showed little variation in development with age, but within those groups which
make up the muscles of the shoulder there was greater variation with age. The
general pattern of growth gradients for musculature, as proposed by *{cMeekan,
(1940a) and generally supported by Cuthbertson and Pomeroy (1962b), could be
misleading in view of the divergence observed in individual muscle growth gra-
dients in tne present study. Furthermore, because of tne increase in intra-

muscular fat (marbling) at heavier weights (Harrington, 1958a,b) it is likely

that the apparent late development of certain individual muscles such as (2235-

2]

O

aimus dorsi, pwoiizuluz, and slutau rporozorius is partially a reflection of

an increase in intramuscular fat. It is noteworthy tuat there was a trend to-

cnziczimus Jorsi as slaugh-

(3

ward an increased content of extractable lipid from
ter weight increased as shown in Table 17. This trend, together with an ap-
parent decrease in moisture coatent with successive increments in slaughter

weight agrees in principle but is of greater magnitude than that previouslw
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reported by Lawrie 2t al., (1964). Visual observation of various muscles
suggested a considerable variation in intramuscular fat content between muscles
over the range of slaughter weights studied. Unfortunately, no quantitative
measurements of '"marbling' were obtained.

Since ﬁusculature within aifferent regions of the body develop 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) where it was reasoned that there were no adequate
short cuts in studies designed to measure meat quality. He states as follows:
"It will be necessary to dissect the whole side or carcass joint by joint,
tissue by tissue, and muscle by muscle."

In spite of the above comments, reasonably high correlations were
found between certain selected muscle weights and total dissectable muscle
content of the side as shown in Appendix Table 17. 1t is obvious however,
that higher correlations are common to heavier individual muscles. An excep-

- o

tion is the weight of rsoaz maior plus Zilacid (Appendix Table 12) which dis-
played a highly significant correlation of r = +0.94 with total dissectable
muscle of the entire side. Nevertaeless, nigher correlations were observed
between tiue weights of either cemimomirmiisis, (r = +0.94) or Biceps femoris
(r = +0.95) and total dissectable muscle in the side.

The selected nmuscles also displaved highly significant correlatinns
with the weight of individual 2.0.P. cuts (r = +0.58 to +0.97), However, tne
weights of individual cuts theaselves were found to displax correlaticns of
nearly ecual magnitude witn the composition of the total side 28 was foundé for

individual muscles. (r = +0.81 to +0.9%). The somewnat lower corrciations
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observed for oblicuus zbdominus with the weight of individual R.0.P. cuts and
the composition of the total side (r = +0.55 to +0.77) is probably a reflec-
tion of divergent growth patterns of this individual muscle as dispiayed in
Figure 9.

The correlation between specific gravity or the reciprocal of specific
gravity and composition of the total side was generally low. Only in the case
of the ham were the correlations with total fat, muscle and bone found to be
of significant magnitude (r = -0.41 to -0.54). Specific gravity of the middle
yielded a significant negative correlation only with total subcutaneous fat
and skin (r = -0.42) and intermuscular fat (r = -0.51), wiaile specific gravity
of the shoulder was associated significantly only with total intermuscular fat
content of the side (r = -0.42). Contrary to reports by Harriagton (1958) the
use of the reciprocal of specific gravity did not increase the correlation.
However, it is noteworthy that a significant correlation existed between tae
reciprocal of specific gravity in the middle and percentage drip loss on cook=-
ing (r = +0.41). Percentage drip loss was not found to be significantlyv as-
sociated with total intermuscular fat content of the total side (r = -0.09)
but approached a significant correlation with total dissectable muscle of the
side (r = -0.32).

The effect of selected independent variables on the total dissectable
muscle expressed in terms of standard partial regression is summarized in Ap-
pendix Table 18. The inclusion of only carcass weight and dissectable muscle
in toe ham accounted for 96.6% of the variation in total dissectable muscle.
Incorporation of lznzissimus dorsi fiber diameter, ham specific gravit:,

~:’-» weignt, loin "eve' area X carcass length and han weight in the cquation

did not result in a meaningful improvement in the predictive accuracr. . e
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simus dorsi fiber diameter vielded the lowest standard partial regression
coefficient thus indicating it to be the least important of all independent

variables. Similarily, ham specific gravity and psoas major weight also demon-

o . e s . ' . " "
strated very low partial regression coefficients. Interestingly, loin "eye

area X carcass leagth (an approximation of longissirus dorsi volume) yielded
a standard partial regression coefficient equal to that obtained for carcass
weight. (0.31). This tends to support Pomerov's (1965) suggestion that it

would be more sensible to combine measurements to give measures of volume.

Summary:
A. Sex:

1. 1Individual muscles from gilts tended to be heavier than those dissected
from barrows at the same slaughter weight. However, the magnitude of
these differences only attained statistical significance in the case
of pectineus (P<.01); psoas major and iliacus (P<.05); rastrocve~ius,

“lexor (P<.05); Coraco braeniaiies (P<.03);

soleus and superficizal digital
and rectus caritus dorsalis (minor and major) (P<.05). (Appendix Table

14).

o
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N
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2. Significant differences were not observed in longizsiiw:
diameters between sexes.

B. Chlorhydroxvquinoline (CHQ):

CHQ supplementation had no meaningful beneficial influence on individual
muscle growth (Appendix Table 15)

C. Slaughter weight:

1. As anticipated, the majority of individual mean trimmed muscle weights
increased in proportion to successive increments in slaugater weight

(Appendix Table 16)
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Multiple range test of mean muscle veights revealed several muscles
which did not substantially increa;e in weight between 79.4 and 90.7

kg. (Appendix Table 16)

The proportional growth of selected muscles from different regions of
the carcass, expressed as a percentage of their mass at 56.7 kg revealead

widely divergent growth gradients (Figures 8, 9 and 10).

Correlation and Regression:

1.

In spite of the differential growth of individual muscles, aigh cor-
relations were found between certain selected muscles and total dis-
sectable muscle content of the side (Appendix Table 17).

The mean weight of selected muscles was found to be highly correlated
with tue weight of individual R.0.P. cuts (r = +0.68 to +0.97) (Ap-
pendix Table 17) ”

The correlation between specific gravity or the reciprocal of specific
gravity and composition of the total side was generally low. (Appendix
Table 17)

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 to
carcass weight and dissectable muscle content of the ham. (Appendix

Table 18)

BT e PRI
LTSS AP

Loin "eve' area X carcass length (an estimate of song
volume) vielded a standard partial regression equal to that obtained
for carcass weight (0.31). IZonzicsimus irwnzi fiber diameter, nu2m

specific gravity, and rccas ~z7zr weight displaved low and insignificant

standard partial regression coefficients.
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4.5 ORGANOLEPTIC ASSESSMENT

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 16.37 for roasts from barrows versus gilts respect-
ively. Drip loss 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 lower
drip losses. Such a trend might have been anticipated in view of the variation
in fat to lean ratio between the two sexes.

CHQ supplementation had little effect on cooking or eating quality of
loin roasts (Table 13). Although differences in evaporative loss and meat to
juice ratio were of sufficient magnitude to be statistically significant, they
may be unrealistic since roasts from each CHQ treatment were cooked and sampled
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 loss and expressable fluid.

The influence of slaughter weight on cooking and eating characteristics
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 significant,
the data indicate a slight decrease in evaporative loss together with an increase

in drip loss as slaugnhter weight increased. This could be a reflection of tanc

ravier

increased amount of intermuscular and/or intramuscular fat to lean at the o

slaughter weights. Taste panel flavour score differences revealed that the most



Table 12 The influence of sex on cooking and eating
characteristics of pork loin roasts

Sex Signi-
) 5 ficance
Variable Barrows Gilts S.E. of F
No of animals 48 48
Cooking
Evaporation loss (%) 15.6 16.3 0.40 N.S.
Drip loss (%) 8.2 7.8 0.42 N.S.
Taste Panel
Juiciness score 5.6 5.7 0.16 N.S.
Flavour score 5.6 5.6 0.12 N.S.
Tenderness
1. Swallowing2
chew count 21.3 21.8 0.62 N.S.
2. Complete mastication3
chew count 63.0 63.2 2.23 N.S.
Physical
:feat /juice ratio X 1004 15.6 16.3 0.78 N.S.

107

1 Average for all tasters (6) based on range from 1-10 (Appendix Table 19)

2 . . .
Average number of chews to point of swallowing

3 :
Average number of chews to completely masticate

4
Area of meat/juice taken from nydraulic press (2500 psi for 5 min)
of cute of meat on filter paper

5

S.E. = Standard error
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Table 13 The effect of CHQ treatment on cooking and
eating characteristics of pork loin roasts

CHQ level (gm/ton) S ?ig:i;e
Variable 0 62.5 125 S.E. of T
Number of animals 32 32 32
Cooking
Evaporation loss (%) 16.1ab 16.82 15.0b 0.48 *
Drip loss (%) 8.1 7.6 8.3 0.52 N.S.
Taste panel
Juiciness score1 5.4 5.9 5.7 0.20 N.S.
Flavour score1 5.7 5.4 5.6 0.14 N.S.
Tenderness
1. Swallowing2
chew count 3 22.2 22.4 2G.0 0.76 N.S.
2. Complete mastication
chew count 63.2 64.6 61.4 2.73 N.S.
Physical
Meat/juice ratio X IOOé 16.42 10.2b 13.6° 0.96 * *
1

Average for all tasters (6) based on range from 1-10 (Appendix Table 192)
Average number of chews to the point of swallowing

Average number of chews to completely masticate

&~

Area of meat/juice taken from hydraulic press (2500 psi for 5 min)
of cube of meat on filter paper

S.E. = Standard error
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Table 14 The influence of slaughter weight on cooking and
eating characteristics of pork loin roasts

Slaughter weight (kg) ?ii:;;e
Variable 56.7 68.0 79.4 90.7 S.E. of F

Number of animals 24 24 24 24
Cooking

Evaporation loss (%) 16.9 16.1 15.8 15.0 0.56 N.S.

Drip loss %) 7.4 8.2 7.9 8.6 0.60 N.SsS.
Taste panel

Juiciness score 5.8 5.7 5.8 5.3 0.23 N.S.

Flavour scorel 5.32 5.62 6.0°  5.4% 0.16  *

Tenderness

1. Swallowing2

chew count 3 21.3 21.4 21.4% 22.0 0.87 N.s.
2. Complete mastication
chew count 64.8 62.2 63.3 62.0 3.15 N.S.
Physical
Meat/juice ratio X 1004 13.3 13.1 15.0 12.0 1.10 N.S.

1 Average for all tasters (6) based on range from 1-10 (Appendix Table 19)

[S%]

Average number of chews to the point of swallowing

3 .
Average number of cilews to completely masticate

&~

Area of meat/juice taken from hwdraulic press (2500 psi for 5 min)
of cube of meat on filter 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 group 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 differences in evaporation loss on cooking and meat/juice ratio from
pressed cooked meat samples were attributed to variations in the degree of
"doneness".

7. A slight but insignificant decrease in evaporation loss, together with an
increase in drip loss 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
ke than at any other slaughter weight.

9. Significant differences in tenderness were not observed between sexes, CHQ

levels or slaughter weights.
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4.6.1 MUSCLE
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. longissirms dorsi was found to be significantly higher for bar-
rows as compared to gilts (P<.05); Likewise extractable lipid from . lcrngissi-
mus dorsi from barrows tended to be higher than that from gilts but lack statis-—
tical significance. The crude protein content of /. semiiendinosus was found
to be considerably higher in barrows as compared to gilts. (P<.0l1). Further-
more, analysis of variance revealed that there was a significant (P<.05) inter-
action between sex and treatment and sex and slaughter weight for the sarcoplas-
mic fraction of M. longissimus dorsi. No significant difference was observed
in stroma and myvofibrillar fractions of either muscle between sexes. Barrows,
however, demonstrated a significantly higher (P<.0l) nitrogen content in the
combined stromal and myofibrillar fractions extracted from .. cemitendinocsus.

Analvsis of variance revealed that CHQ treatment had very little in-
fluence on the actual chemical composition of either longissimus dorci or s2mi-

3 ol Bk Phc)

2niinosus muscles. One exception was the dry matter content of (onzilzt

t
T

L

i2rz7 muscle which was shown to increase (P<.05) with increasing levels of CHO).

(Table 16).

The average ultimate pH of Y. lcnglssi=us iors? tended to decrease as

slaughter weight increased as shown in Table 17 (P<.05). Dryv matter percentage
was also observed te increase with successive increments in slaughter weight
(P<.0l). Although not statistically significant, there was a trend toward an

apparent increase in extractable lipid from Zonzico s lorrz? as 3lauzhter weight

increased. This trend is similar to that reported by Lawrie -: zl., (1964)



Table 15 The influence of sex on various chemical analysis 112

of M. longissimus dorsi and M. semitendinosus

Sex

3 Significance
Item Barrows Gilts S.E. of F
No of animals 12 12
M. longissimus dorsi
pH 5.65 5.54 0.03 *
Extractable lipid (%) 5.55 4.61 0.54 N.S.
Dry matter (%) 26.30 26.39 0.18 N.S.
Crude protein (Z)1 80.47 77.66 1.05 N.S.
Sarcoplasmic fraction (Z)2 5.08 5.06 0.01 N.S.
Sarcoplasmic XN content (%) 11.46 11.21 0.19 N.S.
Stroma + myofibrillar fraction (%) 21.23 21.58 0.30 N.S.
Stroma + myofibrillar N content (%) 13.20 12.70 0.22 N.S.
M. semitendincsus
Dry matter (%) 24.50 26.48 0.61 N.S.
Crude protein (7)1 79.94  70.63  1.50 *
Sarcoplasmicfraction(%)2 4.73 4.88 0.14 N.S.
Sarcoplasmic N content (%) 11.19 10.69 0.21 N.S.
Stroma + myofibrillar fraction (Z)2 19.92 21.60 0.63 N.S.
Stroma + myofibrillar XN content (%) 12.79 11.30 0.24 * *

Dryv matter basis (N X 6.25)

(28]

Wt of extractable dry matter/wet sample wt X 100

S.E. = Standard error
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The influence of CHQ treatment on various chemical

analysis of . longissimus dorai and M. semitendinosus

113

CHQ level (gm/ton) Siisiéi_
Item ¢] 62.5 125 S.E. of F

No of animals 8 8 8

4. Longissimus dorst
pH 5.62 5.56 5.60 0.04 N.S.
Extractable lipid (%) 5.77 4.90 4.57 0.67 N.S
Dry matter (%) 25.78% 26.21% 27.05° 0.22 *
Crude protein (Z)1 78.78 79.08 79.34 1.29 N.S
Sarcoplasmic fraction (Z)2 4.92 5.02 5.26 0.10 N.S.
Sarcoplasmic N content (%) 11.53 11.34 11.18 0.24 N.S.
Stroma + myofibrillar fraction (7;)2 20.87 21.57 21.7¢ 0.37 N.S
Stroma + mvofibrillar N content (%) 12.85 12.97 13.03 0.27 N.S

M. szmitendinosus
Dry matter (%) 26.15 24 .91 25.42 0.75 N.S
Crude protein (“/.)1 72.62 75.17 78.06 1.84 N.S
Sarcoplasmic fraction (‘7.,)2 4.71 4.87 4.83 0.18 N.S.
Sarcoplasmic N content (%) 10.79 10.94 11.10 0.25 N.S.
Stroma + myofibrillar fraction (%) 21.43 20.28 20.58 0.78 N.S.
Stroma + myofibrillar W content (%) 11.62 12.02 12.49 0.29 N.S.

1 Dr+v matter basis (N X 6.25)

2 Wt of extractable dry matter/wet sample wt X 100

3

.E. = Standard error
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analysis of Y. longissimus dorsi and M. semitendinosus

Slaughter Weight (kg) Signi-

ficance
Item 56.7 68.0 79.4 20.7 S.ET of F
No of animals 6 6 6 6
4. longissimus dorsi
pH 5.70% 5.652 5.57%  5.46° 0.04 *
Extractable lipid (%) 4.59 5.00 5.33 5.50 0.77 N.S.
Dry matter (%) 25.982 25.10b 27.65° 26.66d 0.25 * *
Crude protein (%)% 80.62 77.63  78.74  79.28 1.49  X.S.

Sarcoplasmic fraction (Z)2 4.75a 5.19b 5.17b 5.15b 0.12 N.S.
Sarcoplasmic N content (%) 10.812 11.44 11.26 11.83b 0.27 N.S.

Stroma + myofibrillar ab a b b
fraction (%)2 21.22 19.91 22.96 21.532° 9.42 *

Stroma + myofibrillar
nitrogen content (%) 13.37 12.66 12.89 12.88 0.31 N.S.

M. semitendinssus

Dry matter (7%) 24,28 24.58 26.85 26.26 G.87 N.S.
Crude protein (Z)1 78.53 76.03 73.68 72.90 2.12 N.S.
Sarcoplasmic fraction (Z)2 4.57 5.13 4.77 4.75 0.20 N.S.
Sarcoplasmic N content (%) 10.50 11.20 10.88 11.18 0.29 N.S.
Stroma + myogibrillar

fraction (%) 20.02 19.45 22.09 21.50 0.90 N.S.
Stroma + myofibrillar

nitrogen content (%) 12.56 12.16 11.78 11.66 .34 %S,

Dry matter basis (N X 6.23)
Wt of extractable drv matter/wet sample wt X 100

S.E. = Standard error
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A comparison of the mean % of sarcoplasmic proteins in M. Lonigiiaainmus
dcrei by slaughter weight groups showed the proportion to be lowest 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 was a
significant (P<.05) difference in stroma plus mvofibrillar protein fraction (%)
of M. longissimuc dorsi betwveen slaughter weights, the qualitative implications
were not readily apparent. Interestingly, however, a similar trend was apparent
in the case of the stroma plus mvofibrillar fraction from /. semitendinolfus,
with tiie lowest 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 kg for both . sami-
tondinosus and M. loncissimus dorsi (Table 17). It is conceivablevthét this ob-
served trend could be ascribed to intramuscular structural changes taking place
during muscular growth.

The crude protein content (%N X 6.25) of . aemotendinogis displaved
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 (ZN X 6.25) for . longzissirus dorsi failed to show

tne same trend.

Starch-gel electrophoresis

A total of seventeen different bands were distinguishable from the

amido-black stained starch gels of the sarcoplasmic fractions of M. Lzusioaimas

“sp3t and M. g=mizendircouws. Eleven were observed to migrate toward tie cathode,
while only six moved in the direction of the anode. Average densicord readings
expressed as a percentage of the total for tihe varicus bands are shown by trecat-
ment groups in Tables 18 and 19. Application of Duncan's =ultiple range test

revealed several significant (P<.05) differences as indicated bv superscripts in

Tables 18 and 19.
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.

Sex differences included a higher concentration in . longissimus
dorsi band 6 (anodic) from barrows as compared to gilts. Similarily, bands
7,8 (anodic) and 1 (cathodic) exhibited higher conceatravions in M. semitenal-
nosus sarcoplasmic fraction from barrows versus gilts. The reverse was observed
for band 6 (anodic) in that higher amounts were detected in the sarcoplasmic
fraction from M. semitendinosus of gilts.

The influence of CHQ was apparent from densicord readings for both
M. longissimus dorsi and . semitendinosus sarcoplasmic fraction. Significant
(P<.05) increases in concentration were observed for M. longissirmus Jorsi bands
8, 9, 10, 11, (anodic) while 6 and 3 (cathodic) decreased witin CHQ supplementa-
tion. Similarily, bands 4, 6, and 9 (anodic) were of higher concentration in
the sarcoplasmic fraction from M. cemitendinosus in response to CHQ supplementa-
tion. However, bands 7 and 8 (anodic) showed the opposite trend.

Heavier slaughter weights influenced a higher concentration in bands
10 (anodic), 6 (cathodic) with . longissimus Zorsi and in band 6 (cathodic)

with M. semitendinozus sarcoplasmic fractions. Conversely, the percentage of

. - .
SIMUS LT,

Gy

total densicord readings for bands 3 and 6 (anodic) with X. longi
and bands 4 and 7 (anodic) witn . szmitendizosus decreased.

The aforemcntionea differences between electrophoretic patterns for
sarcoplasmic proteins from the two_muscles studied is further demonstrated

graphically in Figure 11. A typical superimposed densicord plot of the electro-

phoretic separation of Y. scewiztendinzsus and M. I

izizeimns izroi sarcoplasmic
protein fractions from animal 561 is displayed in Figure 12. No attempt vas
made to further characterize or identify the various protein bands, since no

strong association between the electrophoretic patterns and organoleptic asscss-

ment or other qualitative factors was readily discernable.
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A. Sex:

The ultimate pH of M. longissirmus dorsi was significantly (P<.05)
higher in carcasses of barrows than those of gilts. (Table 15)

The Longissinus dorsi from barrows contained slightly (P<.05) more
extractable lipid and crude protein than that of gilts. (Table 15)
Significant differences were not observed between sexes in sarcoplasmic
or stroma plus myofibrillar fractions of . longissimus dorsi (Table 15)
Barrows displayed a significantly higher (P<.0l) nitrogen content in
the combined stroma plus myofibrillar fractions extracted from /. sermi-
tendinosuc. (Table 15)

Electrophoresis separation of sarcoplasmic proteins revealed that the
longicsirms Zorsi from barrows contained a higher concentration of

band 6 (anodic) than that of gilts. (Table 19)

Electropnoretic separation of sarcoplasmic proteins from semztendinosus
indicated higher concentrations of band 7, 8 (anodic) and 1 (cathodic),

and lower concentrations of band 6 (anodic) for barrows as compared to

gilts (Table 18).

B. Chlorhydroxvquinoline (CHQ):

1.

The dry matter content of longziszirma iorci was found to increase
(P<.05) with increasing levels of CHQ supplementation.

Electrophoretic separation of sarcoplasmic proteins from Lenzicsimun
“orss revealed increases in bands 8, 9, 10 and 11 (anodic) while 6 and
3 (cathodic) decreased in response to CHQ supplementation.
Electrophoretic separation of sarcoplasmic proteins from . Sl -

<sn-5us showed that bands 4, 6 and 9 (anodic) increased but that band 7

and 8 (anodic) decreased in response to CHO supplementation.
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Slaughter weight:

1.

The average ultimate pH of M. longissirmg Zorsi tended to decrease
with successive increments in slaughter weight, but the difference

was significant (P<.05) only between 79.4 and 90.7 kg.

There was a significant increase (P<.0l) in dry matter percentage of

4. longissirus dorsi with each successive increase in slaughter weight.
The extractable lipid content of . lonuissimus dorsi tended to increase
with slaughter weight but failed to attain statistical significance.
The proportion of stroma plus myofibrillar protein was observed to be
lowest at 68.0 kg and highest at 79.4 kg slaughter weight.u

The crude protein content (%N X 6.25) of 4. gemitendinogus tended to
decrease with successive increments in slaughter weight, but differ-
ences were not found to be statistically significant.

Electrophoretic separation of sarcoplasmic proteins indicated higher
concentrations in bands 10 (anodic), 6 (cathodic) with M. longissiru:
dorsi, as well as band 6 (catnodic) with . c2riitendinosus as slaughter

weight increased.

Decreased concentrations in bands 3 and 6 (anodic) with .
Z:»o?, and bands 4 and 7 (anodic) with Y. nermicendinocus were observed

to be associated with increasing slaughter weight.



123

4.6.2 FAT

Gas chromatographic analysis of the methyl esters of fatty acids ex-
tracted from #. lLongissimus dorsi intramuscular fat and intermuscular fat sur-
rounding M. semitendinosus are summarized in Table 20 and 21 respectively.
Although a total of twenty-four different peaks were observed, three saturated
fatty acids (myristic (Cla)’ palmitic (Cl6) and stearic (C18)) and three un-
saturated fatty acids (palmitoleic (C=l6), oleic (C=18) and linoleic (C2=18))
were found to 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 e
2l., (1979) and Sink et al., (1964).

The total saturated fatty acids (myristic, palmitic, and stearic) and
the unsaturated fatty acids (palmitoleic, oleic and lincleic) as well as the
saturated/unsaturated ratio were calculated to facilitate interpretation of the
data.

No significant differences were observed between sexes in the propor-
tion of the individual component fatty acids found in /. longisceimer dorzi intra-
mus-ular fat. However, there was a slightly higher (P<.05) amount of oleic acid
present in barrow vs gilt intramuscular fat. This substantiates the observation
of Jurgens zt al., (1970), wao reported significantly (P<.01) more oleic acid
in M. longisgimus Zersi intramuscular fat of barrows as compared to gilts. A
comparison of the total saturated/unsaturated fatty acid ratio (S/U) revealed
a higher ratio for gilts than barrows (1.24 vs 1.15). This again confirms the
findings of Jurgens I il., (1970) who noted that louglosimus Izx27 intramuscu-
lar fat of gilts was more highly saturated than that of barrows. In contrast,

the backfat of barrows was reported to contain hipgher levels of total saturated

fatty acids than that of gilts.
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1.

naincs.sd from barrows was

\NY
L
N

Intermuscular fat adjacent to . cemil
found to contain significantly higher (P<.0l) levels of short chain fatty acids
(Group A) than that of gilts. 1In contrast to the oleic acid content of . lou.-
lseimus dorsi intramuscular fat, the level of oleic acid was found to be lower
(P<.05) in intermuscular fat surrounding #. semiteniinosus of barrows as com-—
pared to gilts. The resultant S/U was higher for barrow vs gilt intermuscular
fat. (1.26 vs 1.06). Once again, this is in contrast to previously observed
sex differences in Y. longissimus dorsi intramuscular fat.

No meaningful differences in fatty acid components were found to be
associated with chlorhydroxvquinoline supplementation.

The oleic acid content of . lLongissimus Jorsi intramuscular fat was
observed to increase with slaughter weight. 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 respectively). 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 al., 1963, Allen =t
ai ., 1967 and Elliot 2t al., 1970) and intramuscular fat (allen =2t «l., 1967)
at heavier weights. This apparent confliction of results can probably be as-
cribed to the dietary influences on fatty acid composition such as reported bv
other workers (Jurgeas <> 2l., 1970; Elliot =: <.., 1970), since tne increase
in the proportion of corn and rice meal from grower to finisher diets (Table 1)

would result in an increase in the intaxe of unsaturated fattv acids.
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As in the case of . longissirms dorsi intramuscular fat, there was
an increase in oleic acid content of intermuscular fat surrounding . semitend-
inosus as slaughter weight increased. The maximum increment in oleic acid con-
tent of intermuscular fat surrounding 4. semitendinosus was observed to be be-
tween 56.7 and 68.0 kg. This, together with the fact that animals were switched
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.

r e

The relative proportions of the six major fatty acids found in 7.
longissimus dorsi intramuscular fat and ‘7. semitendinosus intermuscular fat are
shown graphically in Figure 13. The general pattern was similar for samples

from both locations, although slightly greater proportions of palmitic, palmi-

toleic, stearic and oleic were found in longissimus dorsi intramuscular fat.

Summary:
1. The oleic acid level in 4. longissimus doresi intramuscular fat was
slightly higher in barrows as compared to gilts.
2. The ratio of saturated/unsaturated fatty acids in /. lonizisgimus dovel
intramuscular fat was higher for gilts than barrows.
3. The oleic acid content of intermuscular fat surrounding M. zemizeniin-
se2us was lower in barrows as compared to gilts.
4. The ratio of saturated/unsaturated fatty acids in intermuscular fat
surrounding . c2m7senilncsus was higher for barrows than gilts.
5. The level of short chain (Group A) fatty acids were higher in inter-

1’ ~

muscular fat surrounding . miezviducows of barrows as compared to

gilts.
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No meaningful differences in fatty acid composition associated with
chlorhydroxyquinoline supplementation were observed.

The oleic acid contents of both M. longissirms dorsi intramuscular

fat and intermuscular fat surrounding /. semitendinosus were found to
increase with slaughter weight.

The ratio of saturated/unsaturated fatty acids in M. longissimus aors:

intramuscular fat decreased as slaughter weight increased.
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Appendix Table 2

The effect of selected independent variables on prime cut yield

expressed in terms of standard partial regression coefficients

Equation

Variable 1 2 3 4 5 6
Ham fat trim -0.02
Carcass depta 0.06 0.06
Dressing percentage -0.07 -0.07 -0.06
Loin eye area 0.08 0.08 0.08 0.07
Carvcass leagth 0.11 0.10 0.11 0.11 0.11
Trimmed ham weight 0.42 0.45 0.48 0.50 0.54 0.62
Carcass welght 0.42 0.41 0.41 0.34 0.36 0.38
Explained variation (%) 98.0 98.5 98.4 98.3 98.1 97.8

£GT
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Appendix Table 3 The influence of sex on anatomical composition of hams
Sex 2 Significance
Variable Barrows Gilts S.E. of F

Number of animals 12 12

Dissection of haml
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.
Remainder (%) 2.82 3.95 0.410 N.S.

Ratios:
Muscle/bone 5.12 5.17 0.15 N.S.
Subcutaneous fat/bone 2.75 2.56 0.10 N.S
Intermuscular fat/bone 0.74 0.73 0.01 N.S.
Muscle/subcutaneous fat 1.87 2.05 0.08 N.S.
Muscle/intermuscular fat 6.96 7.08 0.24 N.S.
‘fuscle/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
“ §.E. = Standard error
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Appendix Table 4 The influence of sex on anatomical composition of middles
Sex , Significance
Variable Barrows Cilts S.E.” of F
Number of animals 12 12

Dissection of middlel

Freezer shrinkage (%) 1.14 2.03 0.39 N.S.
Weight before dissection (kg) 13.531 1i0.465 ¢.132 N.S.
Subcutaneous fat and skin (kg) 3.901 3.430 n.169 N.S.
Total bones (kg) 0.964 1.018 0.022 N.S.
Total muscles (kg) 3.224 3.508 0.047 * k
Intermuscular fat (kg) 1.991 1.874 0.084 N.S.
Remainder (%) 4.06 5.57 1.15 N.S.
Ratios:
HMuscle/bone 3.33 3.49 0.00 v.S
Subcutaneous fat/bone 4.03 3.34 Q.07 *
Intermuscular fat/bone 2.04 1.82 0.09 N.S
Muscle/subcuteaneous fat 0.33 1.07 J3.07 *
Muscle/intermuscular fat 1.63 1.30 0.08 N.S.
Muscle/total fat 0.55 0.67 0.02 *

) . . . - . " - .
‘tfiddles from tue right side of carcasses cut b¥ the R.0.P. method

"
~ S.E. = Standaré error



Appendix Table 5

The influence
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of sex on anatomical composition of shoulders

o

’ Sex
) 2 Significance
Variable Barrovs Gilts S.E. of F
Number of animals 12 12
Dissection of shoulder
Freezer shrinkage (%) 2.52 0.86 0.55 N.S.
Weight before dissection (kg) 5.403 5.436 0.079 N.S.
Subcutaneous fat and skin (kg) 1.122 1.004 0.036 N.S.
Total bones (kg) 0.709 0.742 0.022 N.S.
Total muscles (kg) 2.391 2.509 0.039 *
Intermuseular fat (k3) 1.020 0.944 0.052 N.S
Remainder (%) 2.98 4.35 S.80 N.S.
Ratios:
Muscle/bone 3.41 3.38 0.15 in.S.
Subcutaneous fat/bone 1.59 1.36 0.11 N.S.
Intermuscular fat/bone 1.44 1.26 0.05 *
Muscle/subcutaneous fat 2.16 2.52 0.09 *
Muscle/intermuscular fat 2.41 2.71 0.15 N.S.
“Muscle/total fat 1.13 1.29 0.05 *

1

]

S.E. = Standard error

Shoulders from right side of

carcasses cut by the

R.0.P. method
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Appendix Table 6 The influence of CHQ treatment on
the anatomical composition of hams

CHQ level (gm/ton)

) _ lSignificarice

Variable 0 62.5 125 S.E. of F

Number of animals 8 8 8

Dissection of ham2
Freezer shrinkage (%) 0.71 1.04 1.10 0.27 N.S
Weight before dissection (kg) 5.772 5.514 5.604 0.077 N.S.
Subcutaneous fat and skin (kg) 1.548 1.470 1.441 0.055 N.S.
Bones (kg) 0.541 0.557 0.567 0.009 N.S.
Jduscles (kg) 2.956 2.774 2.866 0.099 N.S.
Intermuscular fat (kg) 0.420 0.414 0.407 0.007 N.S.
Remainder (%) 3.38 3.12 3.66 0.50 N.S.

Ratios:
Aduscle/bone 5.41 4.98 5.05 0.18 N.S.
Subcutaneous fat/bone 2.82 2.63 2.53 0.13 N.S.
Intermuscular fat/bone 0.772 0.73%  0.70¢ 0.01 *
Muscle/subcutaneous fat 1.92 1.33 2.03 .10 N.S.
Muscle./intermuscular fat .99 6.82 7.25 0.30 N.S.
Muscle/total fat 1.50 1.50 1.58 .08 N.S.

1 S.E. = Standard error

e
Ham cut from rignt side of carcasses cut by R.0.P. method



Appendix Table 7

The influence of C.H.Q. trecatment
on anatomical composition of middles
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Significance
Variable 0 62.5 125 S.E. of F
Number of animals 8 8 8
Dissection of middle2
Freezer shrinkage (%) 0.68 1.57 2.51 0.48 N.S
Wt before dissection (kg) 10.744 10.576 10.174 0.162 N.S.
Subcutaneous fat & skin (kg) 3.757 3.904 3.336 0.207 N.S.
Bones (kg) 0.989 0.982 1.004 0.027 N.S
{uscles (kg) 3.457 3.443 3.436 0.058 N.S.
Intermuscular fat (kg) 1.892 1.772 1.803 0.102 N.S.
Remainder (%) 5.09 4.04 5.33 1.41 N.S.
Ratios:
Auscle/bone 3.45 3.35 3.30 0.07 N.S.
Subcutaneous fat/bone 3.76 3.96 3.34 0.09 N.S.
Intermuscular fat/bone 2.02 1.91 1.86 0.11 N.S
Muscle/Subcutaneous fat 0.92 0.85 1.07 0.08 N.S.
‘fuscle/Intermuscular fat 1.74 1.76 1.82 0.10 N.S.
Muscle/Total fat 0.60 0.57 0.65 0.03 N.S.
1 S.E. = Standard error

‘{iddle from the right side of carcasses cut by the R.0.P. method

o e ——————— .-
e AR v s m g 4 v



Appendix Table 8

The influence of C.H.Q.

anatomical composition of shoulders

treatment on the

159

C.H.Q. level (gm/ton)

1

Significance

Variable 0 62.5 125 S.E. of F
Number of animals 8 8 8
Dissection of shoulder2
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
M. 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 1.10 N.S.
Ratios:
Muscle/bone 3.66 3.22 3.31 0.18 N.S.
Subcutaneous fat/bone 1.57 1.43 1.42 0.10 N.S.
Intermuscular fat/bone 1.35 1.40 1.30 0.06 N.S.
Huscle/subcutaneous fat 2.36 2.25 2.40 0.11 N.S
Muscle/intermuscular fat 2.71 2.40 2.55 0.18 N.S
Muscle/total fat 1.25 1.15 1.23 0.06 N.S
1 S.E. = Standard error

Shoulders from the rignt side of carcasses cut by the R.0.P. method



Appendix Table 9

The influence of slaughter weight on

the anatomical composition of hams

160

Signi-
Slaughter wt (kg) 1 fi%:;ce
Variable 56.7 68.0 79.4 90.7 S.E. of F
Number of animals 6 6 6 6
Dissection of nam
Freezer shrinkage (%) 1.08 0.83 0.94 0.94 0.31 N.S
Wt before dissection (kg)  4.126° 5.213° 6.143° 7.038% 0.089  * *
cubcutaneous fat & skin (kg) 1.076% 1.296° 1.586° 1.9899 0.064  * *
a b c d
Total bones (kg) 0.438 0.526 0.618 0.638 0.010 *
- a b c d
Total muscles (kg) zZ.111 2.754 3.164 3.432° 0.114 * *
Intermuscular fat (kg) 0.319% 0.365° 0.440° 0.530% 0.008 * *
Remainder (%) 0 42®  3.17% 3.48%° 4.48° 0.58 *
Ratios:
Muscle/bone 4 .84 5.23 5.13 5.38 0.21 N.S.
Subcutaneous fat/bone 2.47 2.47 2.57 3.12 0.15 N.S.
a a a b
Intermuscular fat/bone 0.73 0.69 0.71 0.83° 0.02 * %
Muscle/subcutaneous fat 1.98 2.13 2.00 1.72 0.12 N.S5.
Muscle/intermuscular fat 6.74 7.58 7.21 6.55 0.34 N.S.
Muscle/total fat 1.53 1.66 1.5€é 1.36 0.09 N.S.

S.E. = Standard error

abced
(P<.05)

5

Hams from the right side of carcasses cut by the R.0.P. method

means displaying similar superscripts are n

ot significantly different
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Appendix Table 10 The influence of slaughter weight on the
anatomical composition of middles

Slaughter weight (kg) Signi-
Variable 56.7  68.0 79.4 90.7 s.E}'fggagce
Number of animals 6
Dissection of middle
Freezer shrinkage (%) 2.73 1.38 1.07 1.16 0.55 N.S.

We before dissection (kg)  7.178% 9.711° 11.399° 13.706% 0.187 * *

Subcutaneous fat & skin (kg) 2.599% 3.388%° 3.919°  4.757° 0.239 * *

Total bones (kg) 0.747% 0.954° 1.070° 1.195% 0.031 * *
Total muscles (kg) 2.3652 3.276°  4.035%  4.225° 0.066 * *
Intermuscular fat (kg) 1.303% 1.798% 2.113°¢ 2.515° 0.118 * *
Remainder (%) 3.30 4.19 3.51 8.27 1.60 N.S.
Ratios:
Muscle/bone 3,072 3.32°  3.64S  3.45% o0.07 *
Subcutaneous fat/bone 3.50° 3.58%  3.67%  4.00° 0.10 *
Intermuscular fat/bone 1.75 1.88 1.98 2.12 0.13 N.S
Muscle/subcutaneous fat 0.91 0.94 0.99 0.95 0.09 N.S

Muscle/intermuscular fat 1.78 1.78 1.86 1.68 0.11 N.S.
Huscle/total fat 0.6v 0.61 0.64 0.58 0.03 N.S
1
S.E. = Standard error

abcd . . i . A .
means displaying similar superscripts are not significantly different
(P<.03)

od
diddle cut from right side of carcasses cut oy the R.J.P. method



Appendix Table 11 The influence of slaughter weight on the
anatomical composition of shoulders

Slaughter veight (kg) . ?ii;i;e
Variable 56.7 68.0 79.4 90.7 S.E. of F
Number of animals 6 6 6 6
Dissection of shoulder2
Freezer shrinkage (%) 1.46 1.34 2.12 1.84 0.78 N.S.
Weight before dissection (kg) 3.958% 5.113b 5.885% 6.723 0.112 * =
Subcutaneous fat & skin (kg) 0.7662 0.950b 1.134% 1.400 0.050 * *

Total bones (kg)

Total muscles (kg) 1.744%  2.358° 2.687° 3.012 0.055 * *

Intermuscular fat (kg) 0.6942 0.954b 1.011b 1.271 0.074 * *

Remainder (%) 4.24 3.30 4.45 2.94 1.20 N.S.
Ratios:

Huscle/bone 3.00 3.57 3.59 3.59 0.21 N.S.

Subcutaneous fat/bone 1.33 1.45 1.44 1.67 0.10 N.S.

Intermuscular fat/bone 1.19 1.42 1.28 1.50 0.07 N.S.

.17 0.13 N.S.

o
w
bt
[§S]
.
£~
Vel
N
w
~
[2%]

Muscle/subcutaneous fat

.40 0.21 N.S.

Muscle/intermuscular fat 2.52 2.62 2.69 2
Muscle/total fat 1.1¢ 1.26 1.26 1.13 0.07 N .S

1 S.E. = Standard error

abcd . . I . . s cee
means displaving similar superscripts are not significantly different
(P<.053)

Shoulders from right side of carcasses cut by The R.J.P. method
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Appendix Table 13

The effect of selected independent variables on the total dissectable
fat expressed in terms of standard partial regression coefficients

Varilable

Equation

1 2 3 4 5 6
;;;)lvun<}rum loin tracing 0.04
Ham intermuscular fat ~-0.11 -0.09
Specific gravity of ham -0.13 ~-0.14 -0.12
Caliper backfat (loin) 0.12 0.14 0.16 0.19
Leat fat weight 0.31 0.32 0.31 0.31 0.26
Ham subcutancous fat and skin 0.37 0.35 0.30 0.24 0.30 0.59
Carcass welght 0.29 0.25 0.21 0.30 .38 0.37
Explained variation 93.3 93.2 93.0 92.0 90.7 89.1

%91



Appendix Table 14
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Mean weight (g) of trimmed muscle dissected from the

right hand side of carcasses from barrows and gilts

Sex Significance
Muscle Barrows Gilts S.E. of F
No of animals 12 12
1 Panmniculus 106.4 210.0 14.4 N.S
2 Gractilis 106.8 113.4 4.8 N.S.
3 Sartorious 8.9 11.4 0.2 N.S.
4 Senimemdbranosus 475.5 504.8 11.6 N.S.
5 Adductor 155.1 159.6 8.8 N.S.
6 Semitendinosus 205.2 212.2 22.5 N.S.
7 Pectineus 38.7 43.4 0.8 * %
8 Biceps femoris 645.2 683.5 10.7 N.S.
9 Rzetus fermoris 148.7 153.4 4.7 N.S.
10 Vastus Zazegqlis, medialis 368.8 374.9 9.4 N.S.
aa tntarriedius
11 ZGuadratus femoris 10.2 10.7 0.6 N.S.
12 Obturaror extzrnus 5.4 5.8 0.6 N.S.
13 Obturawor intermus 54.7 57.2 1.2 N.S.
+ Sacro Coceygeus
14  Slutens meciug 283.5 292.2 4.7 N.S.
+ Taero Coeznlrel
15 Gluteus azeelsorius 69.6 67.6 2.1 N.S.
16 Fluszuc rroloties 41.4 42.4 1.3 N.S.
17 Fomeliue 3.4 3.3 0.3 N.S
18 Tenace Szeela Lizz 85.3 82.9 5.5 N.S.
19 FSoczs ~—aior o+ Tlizzas 188.6 202.4 2.8 *
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Appendix Table 14 (cont'd)

44

46

47

48

49

50

51

60

61

62

Multifidus dorst
Bzetus thoracis
Intercostals
Trazezius

OMD -t ransversarius
Rnomboidaus
Latisaimus dorsi

Bracniocepralicus

Surrasrinatus

In"raspiiatus

SuEsezTularis
Cipnoc-fpzoiizlle
Zizerg fezzuil
Zpzonizlic

[P -

358.1

27.7

194.3

155.0

17.0

47.8

190.8

57.7
104.8
126.6

240.2

209.9

163.2

22.90

371.6
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Appendix Table 14 (cont'd)

69 Zxtensor caryi radialis 53.9 56.3 1.6 N.S.

W

70 ZIxteznsor carpi oblinuus 4.6 3.0 0.7 N.

71  Cormmon digital ext<nsor 15.0 12.8 2.4 N.S.
and extenscr o7 Znd digit

72 Extensor o 4th digit 8.0 10.7 1.0 N.S.
73  Zxtensor of oStn digit 3.5 7.1 1.3 N.S.
74 Pronator terz23 1.9 1.5 0.6 n.S.
75 Flexor zarpi radiialis 8.9 9.2 0.3 N.S.
76 Flexor carpi ulnaris 4.2 4.3 0.2 N.S.
77 Ulnaris latzralis 4.1 5.2 0.5 N.S.
78 Supericial Jdigital lexor 22.8 24.1 0.9 N.S.

79 Dzey digital ['lazor 49.3 49.9 1.2 N.S.

N

80 Sterno cgphalizus, O0MO- 36.1 48.1 6.9 N.S.
1deus aid siermo-
’1

rLo Mol I2US
v

i

N
Q

o A
S0

81 .ealenus ventralis 13.5 12.6 1.1 N.S.
82 JSeaienus dorsalic 11.2 12.1 1.7 N.S.
83 Llongus collii 24.6 25.6 1.4 N.S.
84 Inlznius 87.3 74.7 5.9 N.S.

85 citls wid 15.3 156.5 1.5 N.S.

86

87 Fuzius cariiud 2.9 5.2 0.8 N.S.

88 il rwes T lius (miterior 11.3 9.9 2.0 N.S.

- .t
39 s Cmiius derszils 9.5 5.0 1.2 *
oy miIomnior

Q0 rniortpmousnrasls 26.3 25.3 1.1 n.S.

9L M Dol ine mopclols 9.8 7.0 2.2 LS.



Appendix Table 15

The influence of CHQ supplementation on

the mean weight (g) of trimmed muscle

169

Signi-
Muscle 0 e levit.%?n/ton)lZS S.E. fi%ance
of F
No of animals 8 8 8
1 Panniculus 204.8 204.6 207.7 17.6 N.S.
2 Gracilis 110.5 107.8 112.0 5.8 N.S.
3 Sartorious 11.9 9.1 9.6 0.2 N.S.
4 Semimembranosus 491.9 501.1 477.5 14.3 N.S.
5 Adductor 159.4 153.7 159.1 10.8 N.S.
6 Semitendinosus 216.6 199.8 209.6 27.5 N.S.
7 Pectineus 41.2 39.4 42.6 1.0 N.S.
8 Biceps femoris 675.8 664.5 652.8 13.3 N.S.
9 Rectus femoris 152.1 148.1 153.0 5.8 N.S.
10 Vastus lateralis, medialis 387.5 360.2 368.0 11.5 N.S.
and intermedius
11 Zuadratus femoris 10.0 10.6 10.9 0.8 N.S.
12 Obturator externus 5.4 5.5 5.8 0.7 N.S.
13 Obturator internus 57.4 53.7 56.7 1.5 N.S.
+ Sacro Cocecygeus
14 Glutens medius ) 299.0 281.8 287.2 5.8 N.S.
+ Sacro Coccygetr
15 Gluteus accessorius 68.3 67.4 70.0 2.5 X.S.
16 Gluteus pro unius 42.6 42.9 40.3 1.6 N.S
17 Gem2llus 3.3 3.2 3.6 0.3 N.S
18 Cfenscr Jzscia lata 104.2 79.6 83.4 6.7 N.S
19 Pscas ma’or + <“liacus 197.8 189.0 199.7 3.4 %N.S.



Appendix Table 15 (cont'd)

20 Psoas minor 18.2 18.2
21 Quadratus lumborum 16.0 12.2
22 Peroneus tertius 36.5 36.5

+ long digitcl extensor

23 Tibialis anterior 15.1 14.4
24 Peroneus longus 15.1 14.5
25 Lateral digital extensor 17.0 16.0
26 Extensor hallucis longus 1.6 1.7
27 Gastrocnemius, soleus 274.9 267.9

and superficial digital ‘lezor

28 Poplieteus 22.9 21.8
29 Tibialis posterior 7.4 9.4
30 Flexor digitalis longus 14.6% 10.7
31 Flexor hallucts 50.4 49.7
32 Obligquus abdominus ext2rnus 104.0 96.9
33  Obliguus abdominus 1Nternus 103.3 103.3
34 Rectus abdominus 155.8 146.4
35 Transversus abdominus 138.7 125.3
36 Serratus dorsalis posterior 20.9 17.5
37 Retractor costag 3.2 2.3
38 Trzisversus taoracil 11.3 14.8
39 Diarcrrat (part only) 34.6 42.4
40 Longisamus oosTaruT 52.2 48.5
41 Seweatus icrsalic mizerior 9.6 10.4
42 Srinzisc 2t semisrinaies 118.1 101.4

909.2

€
.
0
(o]
to
w

13.9
16.9
17.0

1.6

271.2

88.0
121.1
147.2
117.8

16.3

13.1

40.8

44.8

108.4

1.5

1.8

2.6

0.8
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Appendix Table 15 (cont'd)

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

64

66

67

68

Multifidus dorsti 162.7 145.6 223.4
Rectus thoracis 3.7 5.5 5.8
Intercostals 473.4 462.1 481.4
Trapezius 101.6° 78.9° 80.1°
OMO-transversarious 12.5 7.4 7.9
Rhomboideus 42.1 36.8 38.3
Latissimus dorsi 218.6 183.1 168.0
Brachiocephalicus 56.0 56.9 62;0
Superficial pectorals 108.7 98.6 87.0
Anterior deep pectoral 130.5 128.9 130.6
Posterior deep pectoral 239.3 219.9 236.3
Serratus ventralis 402.2 263.3 371.9
Deltoid 28.3 27.7 25.8
Supraspinatus 217.3% 198.0° 191.0b
Infraspinatus 163.9 155.1 158.4
Teres minor 26.8 14.9 16.8
Teres major 55.8 51.5 51.5
Tensor Fasciz antibracniti 15.5 19.4 23.4
Long and lateral faead triceys 390.7° 354.1° 349.7°
Medial head tricsps 30.6 25.5 32.9
Subsearvularis 64.0 64.3 70.5
Corazo-bracnialiis 9.8 3.1° 9.2%
Ziceps bpazaill 39.7 41.4 38.9
Brzeniallis 45.8 43.9 44.5
Svoovie 10.9 10.9 12.9

47.8

10.6
1.6
1.8
1.5

11.6

6.8
9.9

17.9
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N.S.

N.S.

N.S.

N.S.

N.S.




Appendix Table 15 (cont'd)

' 69 Extensor carpi radiclis
70 Extensor carpi obliquus

71 Common digital extensor
and extenscr of 2nd digit

72 Extensor of 4th digit

73 Extensor of Sth digit

74 Pronator teres

75 Flexor carpi radialis

76 Flexor carpi ulnaris

77 Ulnaris lateralis

78 Superficial digital Jlexor
79 Deep digital [lexor

80 Stermo cepnalicus, 0MO-

81 Jealenus ventralis
82 Scalenu: dorsalils

83 lowugus collt

86 Comirlexus

87
88
89

e s e P S S
90 uzuorpirmIlonsiltd

91  MuloiTTius 2orvioic

58.6

12.8
10.1

24.8

47.8

13.2
26.1

82.0

53.9

25.7

51.6

38.5"

11.8

172
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Appendix Table 16 The mean weight of trimmed muscle
at various slaughter weights

Slaughter weight ?iEZi;e
56.7 68.0 79.4 90.7 S.E. of F
No. of animals 6 6 6 6

1 Panniculus 122.42  196.0°  241.1°¢ 263.4% 20.3  =*
2 Gracilis 79.42  103.9°  120.6°° 136.4° 6.7 * *
3  Sartorious 6.62 8.9b 10.9€ 14.4d 0.2 *
4 Semimembranosus 362.5%  458.1°  533.2° 606.8% 16.5 % x
5 Adductor _120.7° 157.58%  165.57  185.7° 12.4 * *
6 Semitendinosus 157.7%  202.4%  236.2%  238.4° 31.8 = *
7 Pectineus 29.0% 40.5b 46.7° 48.0¢ 1.1 # *
8 Bicepe femonis 447.3%  635.3°  741.45  833.49 15.2 % %
9 Rectus Feroris 108.6% 143.2b 175.2¢ 177.2 6.7 * %

10 Vastus lcteralis, medialis 274.22 350.9b 408.0€ 454 .4 13.3 * %
and intermedius

11 Quadratus feroris 3.0 9.9 10.8 13.2 0.9 * *

12 Obturator externus 4.12 S.Iab 6 Aab 6.8b 0.8 %

13 Obturator internus 39.2? 54.9° 59.4° 70.1¢ 1.8 = #*
+ Saerc Cocygeus

14 Giutens medius 198.6° 277.7° 320.8 360.29 6.7 % *
+ Sacro Ccoozzes

15 Glutius 28028800°u8 41.62 66.1.D 78.2¢ 88.ad 3.0 * *

16 Sluteus rrolleviud 29.4° 38 &b 52.0° 47.9€ 1.9 % %

17 Fomelous 2.4 3 Oab 3.9° &.3b 0.4 * %

18 Iencor Sziziz lztaz 55.6° 81.73  111.0° 108.1°¢ 7.8 % #

19 Fosae major + llizzes 136.2 186.1 224.6 235.2° 0 * %

&~



Appendix Table 16 (cont'd)

20

21

22

23
24
25
26

27

28
29
30
31
32
33
34
35
36
37
38

39

Psoas minor
Quadratus Llumborum

Peroneus tertius
+ long digital extensor

Tibialis anterior
Peroneus longus

Lateral digital extensor
Extensor hallucis longus

Gastrocnemius, SoOleus

and superficial digital jlexor

Poplieteus

Tibialis rosterior

Flexor digitalis longus
Flexor hallucts

Obliquus abdominus externus

Obliquus abdorminus internus

199.82

23.1

17.5% 21.2P  20.5°
13.3 13.8 19.6
33.62%  38.7°¢  44.3C
13.9°  15.5P¢  17.9¢
14.6 16.6 19.4
15.9°  17.7°  21.4¢
1.53% 1.7 2.1¢

21.4°  23.9®  28.8€

5.4° 7.7P 13.5°
14.1° 14.3° 13.5°
45.4°  54.7°  62.99
85.3%  117.3° 117.3°
96.4% 129.2°  136.3P

117.2%  149.3%  141.9°
16.43°  20.6°¢  24.2°
2.9 3.8 2.7

8.08  19.9°  13.6%°
42.6° 447 46.7°
41.62°  52.1°  61.€S

g.3° 2.2 12.2°
105.0%° 116.6°¢ 139.5°

899.2° 1006.7°C 1091.5°

174

7.0

1.9

1.0



Appendix Table 16 (cont'd)

44  Multifidus dorst 111.2
45 Rectus thoracis 3.2
46 Intercostale 343.6%
47 Trapezius 57.9%
48 OMO-tranversarius 6.8
49 Rhomboideus 27.7
50 Latissimus dorsi 118.7
51 Brachioczphalicus 50.9
52' Superficial pectorals 81.3
53 Anterior deep rectoral 94.5%
54 Posterior deep pectoral 157.72
55 JSerratus ventraiis 257.02
56 Deltoid 15.8%
57 JSupracpinatus 140.92
58 InSraspiliutus 117.67
59 Teres ma’or 10.0
60 Tensor fascic antibracnii ™ 33.6%
61 Tensor faseiz antibraciiti 14.2
62 Long and lateral nead tricers 258.2°2
63 Me2lizl nead trizer 24.0
64 Cubsozruiaris 48.5
65 Coraco-braciiziis 6.22
66 Ziocrs brzeonll 28.0°
67 ZErzenliziic 33.2%
68 Anocnic 8.5%

146.9
435.6°
73.5
7.3
36.9°

172.7

281.5

175

7.9
11.4

20.7
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Appendix Table 16 (cont'd)

69 Ectensor earpi radialis 41.8% 53.6b 59.6° 65.5¢ 2.2 * %
70 Ezxtensor carpi obligquus 2.4 3.0 3.5 6.6 1.0 N.S.
71 Common digital extensor 11.5 15.1 16.2 12.7 3.5 N.S.
and extensor of 2nd digit
72 Extensor of 4th digit . 6.5 8.8 9.8 12.3 1.4 N.S.
73 Extensor of Sth digit 4.6 3.9 6.5 6.1 1.8 N.S.
74 Pronator teres 0.8 1.2 1.9 3.0 0.8 N.S.
75 Flexor carpi radialis 6.42 8.9° 10.0°¢  10.9€ 0.4 * %
76 Flexor carpi ulnaris 3.22 4.3° 4.8° 4.9° 0.3 *
77 Ulnaris lateralis 3.2 4.9 5.7 4.9 0.7 N.S.
78 Superficial digital flexor 18.6%  22.5P 26.1° 26.8¢ 1.2 *
79 Deep digital Flexor 35.9%  48.0°  55.95  58.7° 1.6 * *
80 Sterno cepnalicus, OMO- 28.0 48.4 52.1 40.0 9.8 N.S.
nyoideus q@d stermo-
taryo hyoideus
81 Scalenus ventralis 10.7 15.1 16.1 10.4 1.5 N.S.
82 Sealznus orsalis 7.5 11.6 13.5 14.2 2.4 N.S.
83 longus colli 18.62  23.12%  20.9¢  28.6° 1.9 * %
84 Splenius 59.9 78.3 96.7 89.1 8.4 N.S.
85 La@gisqimus capitis @@ 9.1 17.4° 19.6° 17.5° 2.1 *
2tLantts
86 Clcmzlexus 104.2 129.¢ 127.8 152.8 15.6 N.S.
87 Rac:uf_eci::4s ) 3.0 5.8 4.4 2.9 1.1 N.S
contalis (mingr ani maicr,
88 Ciiliuus ngizu: ‘mrzerize 10.4 12.0 12.8 7.1 2.8 N.S.
89 %a{:us ] 9.1 6.4 7.5 6.0 1.8 N.S
90 o pLeTnllenlIold 21.3 27.5 27.2 27.4 1.6 N.S.

91 M lziollng acrerlsla 6.1 7.8 9.6 10.4 3.1 N.S.
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Appendix Table 18 The effect of selected independent variables on the total dissectable
muscle expressed in terms of standard partial regression coefficients

Equation

Variable 1 2 3 4 5 6
Longiaaimes fiber diameter -0.03
Hlam specific gravity -0.04 ~-0.04
Paoas major weight 0.08 0.08 0.09
Loin eye arca X carcass length 0.31 0.27 0.25 0.26
Ham weight -0.38 -0.34 -0.35 -0.37 -0.09
Carcass weight 0.31 0.31 0.37 0.42 0.37 0.32
Dissectable muscle in ham 0.71 0.70 0.68 0.72 0.73 0.68
Explained variation (%) 97.6 97.6 97.5 97.4 96.6 96.6

8.T
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Appendix Table 19 PALATABILITY SCORE CARD FOR PORK
JUDGE'S NAME DATE
AGE
Score Description Note: Concentrate on, and score, only one quality
plate at one time. That is, use a different
10 Perfect plate of meat for judging each quality factor.
Juiciness and Flavor:
9 excellent Give your impression of juiciness after two
8 very good chews, then assess flavor.
7 good .
6 high average Tenderness:
Indicate the number of chews on a given sample
to the point at which; 1- You would normally
S Average swallow; 2- An insoluble residue or no inso-
luble residue remains.
4 low average
3 fair Standardize your own technique for assessing
2 poor all quality factors. It is not necessary
1 very poor that it be the same as that of any other judge,
but it should be the same for you at each samp-
ling period.
SAMPLE NUMBER 1 2 3 4 5 6 7 8
Juiciness

Flavor of lean

Tenderness 1 (no
of chews)

Tenderness 2 (no
of chews)

Please check to be sure that you have judged each quality for every sample;

each of the above squares should contain a number.

Order of preference:

Comments:



