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The growth and distribution of fat from 163 pig carcasses were compared among five

breeds (Duroc x Yorkshire (DxY), Hampshire x Yorkshire (HxY), Yorkshire
(YxY). Yorkshire x Lacombe-Yorkshire (YxL-Y) and Lacombe x Yorkshire
(LXY)) and two sex-types (barrows and gilts) over a wide range in carcass weight.

The growth pattern oi fat and the fat depots were estimated from the allometric

equation (Y : aXb) using side muscle weight and side fat weight separately as

independent variabtes. Growth coefficients (b) for intermuscular and subcutaneous fat

depols were similar for the hindquarter but the intermuscular depot coetficient was

slightly higher for the forequarter. The coefficient for body cavity fat was highest in all

.o*purironr. No significant differences were detected for coefficients among breeds

and Letween sexes using both total muscle and total side fat as independent variables.

Significant breed and sex-type differences were found in the fat depots at a constant

*.ight of rid" muscle. This would indicate that breed differences in fatness seemed to

be more influenced by the initiation of fattening at different muscle weights than by

any inherent differences in rate of fattening. Significant breed differences were also

found in the fat depots at a constant fat weight, indicating that breed may influence fat

distribution. Sex-type had no effect on fat distribution when the evaluation was made

at constant fatness.

Nous avons compar6 I'accroissement et la rfpartition du tissu graisseux dans 163

carcasses de porcs, castrats et coches, de divers poids, provenant de cinqraces pures

ou cfois6es, Du.o. x Yorkshire, Hampshire x Yorkshire, Yorkshire, Yorkshire X

Lacombe-Yorkshire et Lacombe x Yorkshire. Les courbes de croissance du tissu

adipeux total et des divers d6p6ts de graisse ont 6t6 calculties par l'6quation
allom6trique Y : axb), utilisant le poids des muscles et de la graisse de la
demi-carcisse s6par6ment comme variables ind6pendantes. Les coefficients de

croissance (b) obtenus pour les d6p6ts de graisse intermusculaire et sous-cutan6e

6taient semblables dans I'arribre-train mais dans le quartier avant, Ies premiers ont

produit des coefficients l6gbrement plus 6lev6s que les seconds. Le coefficient obtenu

pour la graisse visc6rale a 6,t6 r6gulibrement le plus 6lev6. On n',a pas observ6 de

iiff6r"n".r significatives selon les races ou les sexes quand on employait en mame

temps le poids des muscles et le poids de la graisse de la demi-carcasse comme

variables ind6pendantes. Des diff6rences significatives selon les races et les sexes ont,

cependant, 6t6 observ6es dans les d6p6ts adipeux calcu16 en fonction d'un poids total
de muscles constant, ce qui indique que les diff6rences d'6tat d'engraissement li6es h

la race tiennent davantage au stade de d6veloppement musculaire auquel le processus

rPresent address (S.D.M.J.): Department of Animal and Poultry Science, University of Guelph, Guelph,

Ontario NIG 2Wl.
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d'engraissement est declench6 qu'l des diff6rences inh6rentes, 96n6tiques, d'aptitude
a I'engraissement. Des diff6rences significatives li6es ir la race ont 6galement 6t6
obtenues pour les rj6pdts adipeux calcul6s en fonction d'un poids total de graisse
constant. Cela laisse d conclure que la race pourrait avoir une incidence sur la
repartition des graisses dans la carcasse. Le sexe n'a pas eu d'effet sur la r6partition
des graisses quand le calcul 6tait fait en fonction d'un poids de graisse constant.

Studies reporting the development of the fat
depots in swine carcasses are important both
to breeding and grading schemes, as total
fatness is often estimated from measure-
ments of subcutaneous fat depths. It is.
however. not clearly known whether breed
and sex affect mainly the rate or onset of fat
accumulation or both.

There have been many reports in the
literature on fat deposition in the pig, and
these have either been evaluated at a constant
endpoint (McMeekan t 940a,b; Doornenbal
1967; Martin et al. 1912). or using a serial
slaughter design bur wirhout rJgression
analysis (Richmond and Berg 1971a). Only
two studies have examined the relative
growth of the fat depots in pigs (Davies and
Pryor 1977; Kempster and Evans 1979).
Consequently, there is limited information
regarding the rate of maturity of the various
fat depots. The present paper reports the
effects of breed and sex on the relative
growth and distribution of fat in swine.

MATERIALS AND METHODS
The data for this study were derived from
expenments reporred by Wilson (1971) and
Richmond and Berg (191Ia|. In total, 163 pig
carcasses of five breeds, (Duroc x Yorkshire
(DxY), Hampshire x Yorkshire (Hxy),
Yorkshire (YxY), Yorkshire x Lacombe-
Yorkshire (YxL-Y), and Lacombe x Yorkshire
(LxY)), and two sex-types (barrows and gilts)
were used in this study. All pigs were weaned at 3
wk of age and fed a standard starting ration ( I 4.63
J DEikg and, 207o crude prorein) to 23 kg
liveweight. Thereafter, various energy and
protein levels were employed to measure the
effect of plane of nutrition on live animal
perfbrmance. Pigs were slaughtered at 68, 91, or
114 kg liveweight (see Richmond and Berg
( 1 97 1 a, b) and Wilson ( 1 97 l ) for further details
on the management of these experiments).

Pigs were slaughtered at a commercial packing

plant fbllowing routine procedures. The carcass
comprised the eviscerated body following the
removal of the head at the atlanto-occipital
arliculation, the thoracic limbs at the carpo-
metacarpal articulation, and the pelvic limbs at
the tarso-metatarsal articulation. It was split into
two sides by a longitudinal saw cut as close as

possible to the mid-line. Left sides were dissected
into individual muscles, fat and bones at the
University of Alberta Meats Laboratory, using
modifications of the procedure of Butterfield and
May ( 1966).

The three dissectable fat depots were the
subcutaneous, intermuscular and body cavity
depots. Half carcasses were divided at the 11th
and l2th rib, so that fattening patterns could be
compared between the fore- and hingquarters.

The growth of the fat depots relative to half
carcass muscle was evaluated using the allomet-
ric equation (Huxley 1932). The data were
transformed to logs, and the slopes of the
regression lines fbr each breed and sex-type were
compared using analysis of covariance (Neter and
Wasserman 1974). If the slopes were homogene-
ous, a common slope was fitted and group means
for total fat and each depot fat were compared
after adjusting to a common side muscle weight.
Plane of nutrition was not included in the model
because of relatively low group numbers. Growth
coefficients of the depot fats relative to total fat
were also computed by the same method in order
to define their pattem of maturity. Differences
among adjusted means were tested for signifi-
cance using the Scheffe test corrected for unequal
subclass numbers (Neter and Wasserman 1974).

RESULTS
The mean unadjusted total and depot fat
weights are presented in Table I by breed
and sex-type. The individual fat weights had
large standard deviations, which indicated a

wide variations in fatness mainly brought
about by the range in liveweight at slaughter.

The growth of total side fat and depot fats
relative to total side muscle are shown in
TabIe 2. The individual breed and sex-tvDe
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regressions were homogeneous in all cases,
so the common regression coefficient was
used. It should be pointed out that the
standard erors in these data were quite large
and therefore real differences may have
escaped detection. There were differences in
the rate of fat deposition among depots in the
halfcarcass with subcutaneous fat and body
cavity fat having coefficients greater than
I .0 (P < 0.05); the growth of intermuscular
fat was not significantly different to 1.0 (P >
0.05). A result similar to that in the half
carcass was found in the fat deoots in the
hindquarters. whereas in the forequarter all
depots had coefficients greater than 1.0 (P <
0.05).

Breed means adjusted by applying the
common regression to the population mean
of total side muscle are shown in Table 3.
There were no breed differences in half
carcass total fat, or forequarter total fat;
there were small but significant breed
differences (P < 0.05) in hindquarter total
fat. Small differences were also recorded
among breeds for the fat depots in the half
carcass, and when the fat depots were
examined separately in the fore- and

hindquarters. The DxY were the fattest
breed group, and HxY the least fat when
evaluated at a constant muscle weight.

Sex-type means adjusted to the population
mean of total side muscle are also presented
in Table 3 . Barrows had a greater (P < 0.05)
amount of fat in all depots than gilts.

The growth data of depot fat relative to
total side fat are shown in Table 4. Observed
differences were not significant in the rate of
depot fat accumulation (growth coefficients)
among depots relative to total side fat.
However. the coefficients for the intermus-
cular fat depot of the quarter tended to be
higher than those of the subcutaneous fat
depot. For the hindquarter, coefficients for
intermuscular and subcutaneous depots were
quite similar. The body cavity fat depot had
the highest growth coefficients in all
comparisons.

Breed means, adjusted by applying the
common regression coefficient, are shown
in Table 5. At a constant total fat weight,
LxY-L and LxY breed groups generally
had more fat in the intermuscular and body
cavity depots and less fat in the subcutaneous
depots than the DxY, HxY, and YxY

Table 2. Parameter estimates from the allometric relationship f : aXb of total and depot fat (Y) with total side muscle
(X) for five breed-types and two sex-types

Effect of breed-type Effect of sex-typeDependent variable
(v) SEb t testi Slope Intercept Slope Intercept

HalJ carcass
Total fat
Subcutaneous fat
Intermuscular fat
Body cavity fat
Forequarter
Total fat
Subcutaneous fat
Intermuscular fat
Body cavity fat
Hindquarter
Total fat
Subcutaneous fat
Intermuscular fat
Body cavity fat

I .39
t.31
I .36
1.13

1 .38
1.36
1.44
l .68

1.39
1.38
t.20
1.75

0.095
0.093
0.137
0.t12

0.09 1

0.09 I
0.r29
0.195

0.102
0.117
0.1'7 |
0.1E8

> 1.0
> 1.0

1.0
> 1.0

> 1.0
> 1.0
> 1.0
> 1.0

> 1.0
> 1.0

1.0
> 1.0

NS*NS
NS +* NS
NS ** NS
NS +x* NS

NS +**
NS x**
NS **x
NS ***

NS ***
NS ***
NS +*

NS **+

NS NS
NS NS
NS **
NS **x

NSI
NS ***
NS NS
NS ++*

tThe results of a t-test to determine if the coefficient (b) is significantly (P < 0.05) less rhan, grearer than, or not
significantly (P > 0.05) different from l.
*P < 0.05, **P < 0.01, ***P < 0.001.

C
an

. J
. A

ni
m

. S
ci

. D
ow

nl
oa

de
d 

fr
om

 p
ub

s.
ai

c.
ca

 b
y 

U
ni

ve
rs

ity
 o

f 
A

lb
er

ta
 o

n 
10

/1
6/

15
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 



JONES ET AL. 
- 

FAT DISTRIBUTION IN SWINE 227

Table 3. Fat weights (kg) adjusted to the mean of total side muscle ( I 5.09 kg) for five breed-typest and two sexes

--

Fat weight for breed
(ke)

Fat weight for sex
(kg)

Dependent variable DXY HXY YXY Lx(Y-L) LXY Barrows Gilts

HalJ carcass
Total fat
Subcutaneous fat
Intermuscular fat
Body cavity fat
Forequarter
Total fat
Subcutaneous fat
Intermuscular fat
Body cavity fat
Hindquarter
Total fat
Subcutaneous fal
lntermuscular fat
Body cavity fat

9.99 11.16 10.08
8.l9b, 9.O2ab 7.65t
| .52 I .56 1 .13

0.23 a 0.26 a 0.64 b

10.98 12.15 d 9.56e
8.32 abc 9.56 d 1 .64 e

1.98 1.92d 1.52e
0.63 b 0.43 b 0.29 e

5.8i 6.11 d 4.83e
4.21 4.65 d 3.61 e
1.33b 1.26d l.0l e

0.23 b O.l3 d 0.09 e

5.13 abc 5.94 d 4.'71 e

4.08 bc 4.83 d 3.95 e

0.63 0.62d 0.50 e
0.380 0.28d 0.19e

11.'71
9.69 a
I .80
O.2l a

5.69
4.39
l.19 a
0.06 a

4.95
3 .85
1.01 ab
0.06 a

6.Oi a 5.O4 bc
5 .29 a 4.34 b

0.60 0.49

s .37 s .39
4.30 3.92
0.9'7ab 1.18a
0.07 a 0.24 b

5 .l5 ab 4.68 c
4.58 b 3.12 c
0.54 0.54
0.11 a 0.39 b0. l4u O.l7 a

tDxY: Duroc x Yorkshire, HXY: Hampshire x Yorkshire, YXY: Yorkshire, LX(Y-L): Lacombe x
(Yorkshire - Lacombe), LxY : Lacombe x Yorkshire
a-c Means in same row with different letters differ significantly at P < 0.05 for breed.

z/-e Means in same row with different letters differ significantly atP ( 0 05 for sex'

breeds. The LxY-L and LxY breeds had
more fat in the forequarter and coffespond-
ingly iess fat in the hindquarter than the
DxY, HxY and YxY breeds.

Sex-type means adjusted to the population

mean of total side muscle are presented in
Table 5. There were no differences (P >
0.05) in the amount of depot fat in the half
carcass, fore- or hindquarter when evaluated

at a common weight of total fat.

Table 4. parameter estimates from the allometric relationship Y : aXb of depot fat (Y) and total side fat (X) for five

breed-tyPes and two sex-types

Effect of breed-type Effect of sex-type
Dependent variable

(v) sEb t-test1 Slope Intercept SloPe IntercePt

HalJ carcass
Subcutaneous fat
Intermuscular fat
Body cavity fat
Forequarter
Total fat
Subcutaneous fat
Intermuscular fat
Body cavity fat
Hindquarter
Total fat
Subcutaneous fat
Intermuscular fat
Body cavity fat

0.020 1.0 NS

0.04q 1.0 NS

0.070 > 1.0 NS

0.013 1.0 NS

0.018 <1.0 NS

0.046 1.0 NS

0.095 1.0 NS

*** NS
**+ NS
*** NS

**x NS
NS NS
**+ NS
x*+ NS

0.9s
1.04
1.24

o.9'7
0.95
1.04
1.12

1.03
0.93
0.96
1 .21

NS
NS
NS
NS

NS

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS

0.013 1.0
0.042 1.0
0.076 1.0

0.079 > 1.0

tThe results of a t-test to determine if the coefficient (b) is significantly (P

significantly (P > 0.05) different from l.
x**P < 0.001, NS : P > 0.05.

< 0.05) less than, greater than or not
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Table 5. Fat weights (kg) adjusted to the mean total side fat ( 10.68 kg) for five breed-typest and two sex types

Fat weight for breed
(ke)

Fat weight for sex
(ke)

Dependent variable DXY HXY YXY LY(Y-L) L\Y Barrows Gilts
Half carcass
Subcutaneous fat
Intermuscular fat
Body cavity fat
Forequarte r
Total fat
Subcutaneous fat
Intermuscular fat
Body cavity fat
Hindquarter
Total fat
Subcutaneous fat
Intermuscular fat
Body cavity fat

8.82a 8.'75a
1 .63 ab 1 .62 ab
O.19a 0.26a

5.18a 5.28a
4.00 4.tl
1.O9a 1.08a
0.06 c 0.06 a

5.50a 5.39a
4.83 a 4.62 a
0.54 ' 0.52

5.50 a 4.96 b
4.39 a 3.93 b

8.65 a
1.49 a
0.25 a

5.15 a
4.12
o.93 b
0.07 a

8.09 D

1.83 b
0.69 b

5.10 b
4.15
1.25 c

0.26 b

8.09 D

1.93 b
0.6t b

5.65 b
4. l0
1.29 c
0.23 b

5.00 b
3.9t b

0.61
0.3'7 c

5.39
4.10
l.ll
0.t1

5.26
All

0.55
0.24

8.51
L70
0.33

5.39
4.09
l.l3
0.10

5.27
4.40
0.56
0.22

8.44
1.69
0.36

0.52 0.5'7
0.13a O.l9b 0.l6ab 0.42c

tDxY: Duroc x Yorkshire, HxY: Hampshire x yorkshire, yxy:
(Yorkshire - Lacombe), LxY : Lacombe x yorkshire.
a-c Means in the same row with different letters differ significantly at p < 0.05
means for sex P < 0.05.

DISCUSSION
A. Breed and Sex Influences on Rate of
Fat Deposition
A number of workers have studied the
effects of breed, sex and plane of nutrition on
carcass fatness (Richmond and Berg 197 lb;
Martin et al. 1972;Moody et al. 1978; Neely
etal. 1919). While breed and sex differences
in carcass fatness have often been estab-
lished, the underlying causes of these
differences have not been explained.

There were, in this present study, no
significant differences in total or depot fat
growth rate among breeds or between
sex-types when comparisons were made
relative to total side muscle weisht. This
would suggest that the breed and sex-type
differences in adjusted means (Tables 3 and
4) were more influenced by the commence-
ment of rapid fattening at different muscle
weights, than by differences in the rate of
fattening. Similar results were found in pigs
by Davies (1974), who compared rate of
fattening between Pietrain and Large White
pigs, and Berg et al. (1919) in cattle who

Yorkshire, Lx(Y-L) : Lacombe x

. There were no significantly different

compared rate of fattening between steers
and heifers.

B. Breed and Sex Influences on Fat
Deposition Patterns
Growth coefficients for the individual fat
depots regressed on total fat were
homogeneous for all breeds and both sexes.
In the half carcass, body cavity fat had the
highest growth coefficient followed by the
intermuscular depot, and finally the sub-
cutaneous depot. Kempster and Evans
(1979) and Davies and Pryor ( 1977) reported
that the order of fat depot growth was
subcutaneous fat followed by intermuscular
fat. However, most studies show subcutane-
ous fat to grow at a similar rate to total fat.
This is expected since subcutaneous fat
makes up about 80Vo of the total. The main
point of contention is the growth of the
intermuscular depot. Possibly the weight
ranges used in the respective studies
influenced the results. The study of Davies
and Pryor (19'/7) covered the liveweight
range from 8 to 62 kg, and the trial of
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Kempster and Evans (1979) from 46 to 92
kg. The present study covered the range
from 68 to I l4 kg; there seemed to be a slight
shift in fat partitioning after 90 kg, with more
fat deposited in the intermuscular depot
relative to total fat than in the subcutaneous
depot.

Body cavity fat had the highest growth
coefficient both in this study and the one

reported by Davies and Pryor (1977). These
results contrast with those found in cattle
(Berg et al. 1919) , where body cavity fat had
the lowest growth coefficients of all the fat
deposits.

Growth coefficients can also be compared
between the fore- and hindquarters. There
was a more rapid accumulation of intermus-
cular fat in the forequarter compared to the
hindquarter. It has been suggested that in
cattle (Berg and Butterfield 1976), patterns
of carcass fat deposition could be explained
in terms of physical pressure within the fat
storage depots. Thus, the hindquarter would
be rnLore resistant to intermuscular fattening,
having less intermuscular space than the
forequarter. This theory could also apply to
the results found in this study.

C. Breed and Sex Influences on Fat
Distribution
Breed regressions were homogeneous in all
cases for each fat depot relative to total fat,
indir:ating that fat depot growth followed a

similar pattern in all breeds over the weight
rang;e of this study. The results showed
small, but significant, differences among the
five breeds for fat distribution when adjusted
to the experimental mean of total side fat.
The DxY, HxY and YxY animals tended
to hLave more fat in the subcutaneous fat
depot, and less fat in the intermuscular fat
depot and body cavity fat depot than the
Lx'Y-L and LxY animals.

Sex regressions were homogeneous in all
cases for each fat depot relative to total fat,
indicating that fat depot growth followed a

simlilar pattern over the weight range of this
stud,y. The results showed no significant
difiorences between barrows and eilts for fat

distribution when adjusted to the experimen-
tal mean of total side fat.

D. Comparison of Bovine and Porcine
Fat Deposition Patterns
There have been several reports in the

literature of fat growth patterns in cattle
(Seebeck and Tulloh 1968; Kempster et al.
1976; Berg et al. 1918, 1979). All these

studies have clearly demonstrated the

differential accumulation of fat, with
subcutaneous fat having a higher growth
coefficient than intermuscular fat when
compared relative to total carcass fatness.

Johnson et al. (1972) reported that sub-

cutaneous fat was only a small proportion of
total fat in young calves; but at slaughter
weight, subcutaneous fat approached inter-
muscular fat as the predominant fat depot.

Comparing the present results with the

above cattle studies, species differences
were found for the relative growth of most of
the fat depots. Intermuscular and subcutane-

ous fats had similar growth coefficients in
hogs which is in contrast to the above cattle
studies where subcutaneous fat generally
had growth coefficients greater than those of
intermuscular fat. Species differences are

possibly the result of adaptations to different
evolutionary pressure, i.e. the pig has

approximately 807o of its fat in the

subcutaneous depot probably as an aid to
thermal and mechanical insulation' Similar
species adaptations in tissue distribution
have been discussed by Berg and Butterfield
(1916).

Thus, it has been demonstrated that fat
growth in swine followed similar patterns

among breeds and between sex-types.

Differential fat growth does occur, but the

differences among the depot coefficients
were generally small, which essentially
agrees with the work of Davies and Pryor
(191'7).In this study, breed exerted a small
but significant (P < 0.05) influence on fat
distribution at a constant side fat weight.
However, the differences recorded in fat
distribution were mainly from the breeding
groups derived from separate studies carried
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out at different periods of time, so factors
other than breed could have influenced the
results. Sex had no marked effect on fat
distribution in swine at constant side fat
weight.
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