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Abstract

Allometric growth equations were obtained from log-linear regressions of log transformed data for shank length, drumstick length,

body width and keel length as response variables and body weight as a predictor variable. Data were collected from Isa Brown x

frizzled feathered (IB x F), Isa Brown x naked neck (IB x Na), Isa Brown x normal feathered (IB x N), frizzle feathered x Isa Brown (F

x [B), naked neck x Isa Brown (Na x IB) and normal feathered x Isa Brown (N x IB) chicken genotypes at 2-10 (for mixed sexes) and

12-20 (for separate sexes) weeks growing phases on biweekly basis. Analysis of pooled data at 2-10 weeks indicated the occurrence

of isometric growth of the shank in all genotypes, drumstick in Na x IB and N x IB, body width in all genotypes except Na x IB and keel

in N x IB only. There was allometric growth of all linear traits relative to body weight in males and females of any genotype at the 12-

20 weeks growing phase, although the rate of relative growth was higher in males than females. The results indicated that selection

for improvement of body size based on relative growth response could be achieved with the linear structural components, especially

shank length at 2-10 weeks growing phase, while improvement of specific body parts regardless of sex would be effective at 12-20

weeks growing phase in any of the genotypes studied.
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Introduction

Growth is a biological process which results in increase in
body mass and size of living things [1]. It is a result of complex
interaction of genetic and non-genetic factors including feed and
other environmental variables. Growth in poultry, as in other farm
species, is usually measured by increase in different linear body
components and body weight [2]. Body weight and linear struc-
tural body components or measurements are estimators of size
and conformation which are important determinants of the eco-
nomic values of meat animals [3]. Body weight is a sum total of
increases in size of different structural components [1,4]. Thus,
relative growth exists between body weight and linear structural
body components. The rate at which linear parameters grow in re-

lation to body weight and to one another determines the isometry

or allometry of growth. An equal rate of growth between the body
parts and the whole gives isometric growth; allometric growth oc-
curs when there is a disproportionate or unequal rate of growth
of body parts relative to the whole [5]. The linear structural body
parts influence body size in poultry. For instance, the length of the
keel in most cases is a determinant of the amount of muscle de-
posit around the breast region, which in turn determines the breast
width. Positive correlation has been established between each of
these linear parameters and body weight [6], indicating that pre-
diction and indirect selection of body weight for increased body
size can be achieved using the linear parameters [6]. The linear
structural body components are vital selection indices for improv-

ing conformation in chicken [8].
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The occurrence of allometric growth is important in poultry
breeding for improving specific body parts [9]. For instance, in an
area where demand for the lap or breast is high, breeders can se-
lect broilers showing higher growth rate in breast and drumstick
relative to the whole body size to meet the market demand. The
objective of this study was to determine the isometry/allometry
of growth of linear structural body components to body weight of
different chicken genotypes either as mixed or separate sexes in
different growing phases for the purpose of selection for improved

body size and conformation.

Materials and Methods
Stock and management

Thirty-six (36) exotic Isa Brown (9 cocks and 27 hens), 11 friz-
zle feathered (3 cocks and 8 hens), 10 naked neck (3 cocks and 7
hens) and 12 normal feathered (3 cocks and 9 hens) chickens were
mated to produce 531 day-old chicks in twelve hatches at weekly
intervals. The genotypes of the chicks with their respective num-
bers were 123 Isa Brown x frizzle feathered, 49 Isa Brown x naked
neck, 116 Isa Brown x normal feathered, 137 frizzle feathered x Isa
Brown, 42 naked neck x Isa Brown and 64 normal feathered x Isa
Brown. Br ooding cages of 79 x 67 x 61 cm® dimension were con-
structed on deep litter pens of 2.65 x 1.67 m? dimension each and
used to brood the chicks for a period of 4 weeks per hatched. The
chicks were fed continuously with feed containing 2800 kcal me-
tabolisable energy (ME)/kg and 20% crude protein (CP) at chick
phase (0-6 weeks) and 2550 kcal ME/kg and 15% CP at grower
phase (6-20 week). Cool, clean water was also provided to the
chickens ad libitum. The chickens were administered New Castle
disease vaccine at day-old. Vitamin supplements and antibiotics
were given to the birds through drinking water routinely. The ex-
perimental environment and conditions were comfortable to the
animals. The poultry house was of dwarf wall of about 0.90 cm high
with wire guaze extending from the dwarf wall to the roof. This
provided enough ventilation that kept the birds in their comfort

zone without experiencing heat stress.

Data collection

Data were collected in a biweekly basis on body weight and lin-
ear structural traits of mixed/combined sexes at 2-10 weeks and
separate sexes (males and females) at 12-20 weeks of age. Body
weight was measured in grams (g) using Ohaus electronic sensi-
tive weighing scale (Model CS5, 000) with sensitivity of 2.00 g.
Shank length was measured as the distance from the hock joint to

the tarso- metatarsus pad-Digit three joint. Drumstick length was
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measured as the length of the femur bone from ball and socket joint
to the hock joint. Body width was measured as the circumference
of the widest part of the anterior region and keel length, as the dis-
tance from the V-joint to the end of the sternum. The linear struc-
tural traits were measured with a tape in centimeters. All measure-

ments were described according to [4]| and [10].

Analytical procedure

The allometric growth equation was obtained using expression
(D).

Y=aWf ...(1)

where Y is the conformation trait, W is the body weight, o (al-
pha) is the initial growth constant and 8 (beta) is the coefficient of
allometry. The constant, a and the coefficient, 8 were obtained by
fitting the log-transformed data to the log-linear regression equa-
tion as expressed in (2).

Log ,,Y = loga + Blog , (W....... (2)

The estimate a, of the initial growth constant was calculated by
the formula:
= Antilog (log Y - flogW).

The coefficient of allometry or distribution, B, a measure of
growth of each of the conformation traits relative to the whole
body size [4], was obtained by the formula:

B = (logY-loga)/logW

The Bis expected to be biased since the body weight it estimates
is a random variable like the other conformation traits. An unbi-
ased estimate of the body weight, 3’ was obtained by the formula:
g =B/r

where r is the coefficient of correlation between logW and logy.
A coefficient of isometric growth (0.33) which is an indication of
equal rate of growth between any structural part and the body as a
whole [12], was used to compare with the coefficients of allometry.
There was isometric (proportionate) growth between any linear
structural body components and the body weight where the B was
equal to 0.33 or within the range of 0.30-0.39. [1], however, stated

that isometric growth occurred when B = 1.

Results

Table 1 shows the log-linear and allometric growth equations
for linear structural traits of mixed sexes of the chicken genotypes
(2-10 weeks). Shank length and body width showed isometric
growth while drumstick length and keel length manifested allo-
metric growth pattern in relation to body weight in most of the
genotypes. The allometric growth estimate of 0.32 was observed
between the shank length and body weight in Na x IB genotype.
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In Tables 2-5, the allometric growth coefficients were all higher
than 0.33, indicating that the linear structural body components
grew at a higher rate to body weight in both males and females of
every genotype. The allometric growth coefficients of males were

generally higher than those of females.

Discussion
Relative growth rates of linear structural traits to body weight
of mixed sexes of the chicken genotypes at 2-10 weeks grow-
ing phase

The observed isometric (equal rate of) growth of the shank and
body width to the body weight (Table 1) indicated that the two lin-

80
ear traits could serve as body weight predictors at early growing
phase. The predictability of body weight by shank length and body
width has been affirmed by previous researchers [13-15]. This
growth pattern is indicative of the existence of genetic correlation
between the linear parameters and body weight. This view is sup-
ported by previous research [10,16].

The allometric growth estimate of 0.32 observed between the
shank length and body weight in Na x IB indicated that the rate of
body weight increase was slightly less than that of shank length,
implying that Na gene impacted long shank to the genotype. The

Table 1: Log-linear and allometric growth equations for linear structural traits of mixed sexes of different chicken genotypes (2-10

weeks).
Linear Trait Group Log-linear r? (%) SE Allometric r ii ii'
SL IBxF Y=-0.13 + 0.31W 81.8 0.05 SL =0.72wW°3! 0904 | 0.31 0.34
IB x Na Y=-0.16 + 0.32W 84.8 0.05 SL = 0.69W°32 0.921 | 0.32 0.35
IBxN Y =-0.16 + 0.32W 75.3 0.06 SL = 0.69W?32 0.868 | 0.32 0.37
F xIB Y=-0.13 +0.31W 82.5 0.05 SL = 0.74wW°31 0.908 | 0.31 0.34
Na x IB Y =-0.10 + 0.29W 81.5 0.04 SL =0.79W?%# 0.903 | 0.29 0.32
N x IB Y=-0.13 +0.30W 83.2 0.04 SL = 0.74W030 0.912 0.30 0.33
DL IBxF Y =-0.09 + 0.42W 87.3 0.05 DL = 0.81W# 0935 | 0.42 0.45
IB x Na Y =0.05+0.36W 83.3 0.05 DL = 0.87W?#0 0.942 0.40 0.42
IBxN Y =-0.07 + 0.41W 84.2 0.06 DL= 0.85W°#! 0.918 0.41 0.46
F xIB Y=-0.08 + 0.41W 88.3 0.05 DL = 0.83W*# 0.946 | 0.41 0.43
Na x IB Y =0.05 + 0.36W 83.3 0.05 DL =1.12W0°3¢ 0913 | 0.36 0.39
N x IB Y =-0.03 + 0.39W 82.8 0.06 DL = 0.93W°** 0.910 | 0.39 0.38
BW IBxF Y =0.37 + 0.35W 79.9 0.06 BW = 2.34W032 0.894 | 0.35 0.39
IB x Na Y=0.41+0.32W 73.1 0.07 BW = 2.57wW?o31 0.855 | 0.32 0.37
IBxN Y =0.37 + 0.35W 85.0 0.05 BW = 2.35W°3 0922 | 0.35 0.39
FxIB Y =0.38 + 0.35W 87.3 0.04 BW = 2.42W?03 0.934 | 035 0.37
Na x IB Y =0.41 + 0.33W 69.7 0.07 BW = 2.57W033 0.897 | 0.33 0.40
N x IB Y=0.38 + 0.34W 85.6 0.05 BW = 2.40W03* 0.925 | 0.34 0.37
KL IBxF Y=-0.18 + 0.38W 86.4 0.05 KL = 0.66W%38 0.929 | 0.38 0.41
IB x Na Y=-0.13 + 0.37W 83.5 0.06 KL = 0.74W°%¥ 0914 | 037 0.40
IBxN Y =-0.06 + 0.33W 76.9 0.06 KL = 0.87W?°33 0.877 0.33 0.38
FxIB Y=-0.18 + 0.38W 80.5 0.05 KL = 0.79W038 0.897 | 0.36 0.40
Na x IB Y =-0.10 + 0.36W 80.5 0.05 KL = 0.79W03¢ 0.897 0.36 0.40
N x IB Y=-0.15+ 0.38W 82.5 0.06 KL = 0.71W038 0.908 | 0.38 0.42

IB x F = Isa Brown x Frizzle feathered, IB x Na = Isa Brown x naked neck, IB x N = Isa Brown x normal feathered, F x IB = Frizzle

feathered x Isa Brown, Na x IB = Naked neck x Isa Brown, N x IB = Normal feathered x Isa Brown
SL: Shank Length; DL: Drumstick Length; BW: Body Width; KL: Keel Length; W: Body Weight
Y = Log,, (linear trait); W = log, ; (body weight) SE: Standard Error

Citation: UC Isaac,, et al. “Allometric Growth Models for Improvement of Size and Conformation in Crossbred Chickens". Acta Scientific Veterinary

Sciences 5.8 (2023): 78-84.



Allometric Growth Models for Improvement of Size and Conformation in Crossbred Chickens

result also revealed that the naked neck chickens had relatively
small body size, an attribute which has commonly been reported
in previous studies [16,17]. Small body size is an attribute of good
layers, which has been reported to correlate positively with egg
production [18]. Long shank and small body size may therefore
serve as good indicators for high rate of lay in chicken. This view

has previously been expressed by [19].

The allometric growth of drumstick length and keel length rela-
tive to body weight at 2-10 weeks was an indication that improved
thigh and breast could be realised early enough by selecting birds
with long drumstick and keel [20]. This has an advantage of short-
ened generation interval and less financial implications over selec-
tion at 12-20 weeks using the same linear traits which showed al-

lometric growth in the 12-20 weeks growing phase.

Relative growth rates of linear structural traits to body weight
of male and female chicken genotypes at 12-20 weeks growing
phase.

The existence of allometric growth of the linear parameters
relative to the body weight of male and female chickens of differ-

ent genotypes (Tables 2-5) indicated that different body parts, es-
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pecially the breast and keel, increased in greater proportion than

body weight. With this growth pattern, selection can be done to
shift the body mass to the intended body parts that will yield high
economic value. The occurrence of allometric growth at this phase
(12-20 weeks) is an evidence that growth is highly dependent on
age [21], which invariably influences production. Age is an impor-
tant factor in animal breeding, which enables selection to be tar-
geted at the time maximum improvement can be realised [22]. The
greater rate of growth of the linear traits relative to body weight at
this phase also implied that the rate of body weight increase was
faster at early growth, reaching a maximum, and gradually declin-
ing with age. This is a general observation in poultry especially
broilers [23]. This growth pattern can serve as a guide in selection

for growth traits for maximum improvement in poultry.

The greater allometric growth observed in males than females
is attributed to sexual dimorphism, which is more pronounced in
males than females [24,25]. Sexual dimorphism is inherent in live-
stock species. This has informed the basis for using stud males to
improve unproductive females [26].

Conclusion

Table 2: Log-linear and allometric growth equations for shank length of male and female chickens of different genotypes (12-20 weeks).

Group Sex Log-linear r2 (%) SE Allometric r ﬁ i
IBxF M Y=0.07 +0.67W 87.1 0.04 SL = 0.09W0%¢7 0.933 0.67 0.72
F Y=0.76 + 0.56W 79.0 0.04 SL =0.17W0%% 0.889 0.56 0.63
IB x Na M Y=1.10+0.s70W 81.3 0.04 SL = 0.08W0%7° 0.902 0.70 0.78
F Y=1.04 +0.67W 80.3 0.04 SL = 0.09W?%¢7 0.896 0.67 0.76
IBxN M Y=0.82+0.52W 56.2 0.04 SL = 0.15W052 0.750 0.52 0.69
F Y =0.44+0.43W 49.7 0.04 SL =0.36W%* 0.705 0.43 0.61
F x IB M Y=0.83+0.58W 82.8 0.03 SL = 0.15W058 0.910 0.58 0.64
F Y=0.82+0.57W 85.4 0.03 SL = 0.15W0%%7 0.924 0.57 0.62
Na x IB M Y=0.78+0.56W 85.1 0.03 SL =0.17wW°? 0911 0.51 0.61
F Y =0.64+0.51W 83.0 0.03 SL = 0.23W0%5 0911 0.51 0.56
N x IB M Y=0.72 + 0.54W 77.6 0.04 SL = 0.19W0%* 0.881 0.54 0.61
F Y =0.60 + 0.49W 85.5 0.04 SL = 0.25W0%4 0.925 0.49 0.53

SL: Shank Length

IB x F = Isa Brown x Frizzle feathered, IB x Na = Isa Brown x naked neck, IB x N = Isa Brown x normal feathered,

F x IB = Frizzle feathered x Isa Brown, Na x IB = Naked neck x Isa Brown, N x IB = Normal feathered x Isa Brown

Y = Log,, (linear trait); W = log, ; (body weight)
M: Male; F: Female
SE: Standard Error
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Table 3: Log-linear and allometric growth equations for drumstick length of male and female chickens of different genotypes (12-20

weeks) A a
Group Sex Log-linear r? (%) SE Allometric r B B’
IBxF M Y=-0.67 + 0.63W 86.6 0.03 DL =0.21W0°63 0.931 0.63 0.68

F Y =-0.24 + 0.48W 80.3 0.03 DL = 0.58W°%8 0.896 0.48 0.54
IB x Na M Y=-0.82 + 0.69W 84.9 0.03 DL = 0.15W?°¢° 0.921 0.69 0.75
F Y =-0.66 + 0.63W 82.9 0.03 DL = 0.22W0%63 0.910 0.63 0.69
IBxN M Y =-0.36 + 0.52W 60.3 0.03 DL = 0.44W?°52 0.777 0.52 0.67
F Y=-0.01+0.39W 47.4 0.03 DL = 0.98W°%3% 0.688 0.39 0.57
F xIB M Y =-0.24 + 0.48W 84.2 0.03 DL = 0.58W?°4® 0.918 0.48 0.52
F Y=-0.20 + 0.47W 85 0.03 DL = 0.63W%7 0.922 0.47 0.51
Na x IB M Y =-0.39 + 0.53W 82.7 0.03 DL = 2.45W053 0.910 0.53 0.58
F Y=-07+0.41W 65.8 0.04 DL = 0.85W%4 0.911 0.41 0.51
N x IB M Y =-0.35+0.52W 89.7 0.03 DL = 0.45W?°52 0.899 0.52 0.58
F Y=-0.16 + 0.45W 78.1 0.03 DL = 0.69W?45 0.884 0.45 0.51

IB x F = Isa Brown x Frizzle feathered, IB x Na = Isa Brown x naked neck, IB x N = Isa Brown x normal feathered,
F x IB = Frizzle feathered x Isa Brown, Na x IB = Naked neck x Isa Brown, N x IB = Normal feathered x Isa Brown

M: Male; F: Female
DL: Drumstick Length
Y = Log,, (linear trait); W = log, ; (body weight)
SE: Standard Error

Table 4: Log-linear and allometric growth equations for body width of male and female chickens of different genotypes (12-20 weeks).

Group Sex Log-linear r’ (%) SE Allometric r B B
IBxF M Y=0.12 + 0.45W 75.8 0.03 BW = 0.32W04 0.870 0.45 0.52
F Y=0.28 + 0.40W 65.9 0.04 BW = 1.91W#0 0.812 0.40 0.49
IB x Na M Y =-0.25+0.57W 78.9 0.03 BW = 0.56W®%7 0.888 0.57 0.64
F Y =-0.03 + 0.49W 63.4 0.04 BW = 0.22W# 0.796 0.49 0.62
IBxN M Y =-0.26 + 0.40W 49.4 0.03 BW = s1.82W?52 0.703 0.40 0.57
F Y=0.24+041W 56.6 0.03 BW = 1.74W*# 0.752 0.41 0.55
F x IB M Y=-0.03+0.51W 78.3 0.03 BW = 0.93W051 0.885 0.51 0.58
F Y =-0.01 + 0.49W 77.2 0.03 BW = 0.98W# 0.879 0.49 0.56
Na x IB M Y=0.13 + 0.45W 79.1 0.03 BW = 1.37W0% 0.890 0.45 0.51
F Y =0.32 + 0.80W 64.6 0.03 BW = 2.09W°3# 0.804 0.38 0.47
N x IB M Y =-0.18 + 0.43W 79.1 0.03 BW = 1.54W04 0.889 0.43 0.48
F Y=0.22+043W 84.3 0.03 BW = 1.66W** 0.896 0.43 0.48

BW: Body Width

IB x F = Isa Brown x Frizzle feathered, IB x Na = Isa Brown x naked neck, IB x N = Isa Brown x normal feathered,
F x IB = Frizzle feathered x Isa Brown, Na x IB = Naked neck x Isa Brown, N x IB = Normal feathered x Isa Brown

Y = Log,, (linear trait); W = log, , (body weight)
M: Male, F: Female, SE: Standard Error
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Table 5: Log-linear and allometric growth equations for keel length of male and female chickens of different genotypes (12-20 weeks).

Group | Sex Log-linear r’ (%) SE Allometric r B i
IBxF M Y =-0.50 + 0.50W 75.1 0.04 KL = 0.32W?%% 0.867 0.50 0.52
F Y =-0.35+ 0.45W 70.0 0.04 KL = 0.45W045 0.837 0.45 0.54
IB x Na M Y=-1.04 + 0.70W 80.0 0.04 KL = 0.09W°7° 0.894 0.70 0.78
F Y =-0.70 + 0.59W 77.3 0.03 KL = 0.20W%% 0.879 0.59 0.67
IBxN M Y=-0.44 +047W 44.4 0.04 KL = 0.36W47 0.616 0.47 0.76
F Y =-0.32 + 0.44W 48.2 0.04 KL = 0.48W04 0.694 0.44 0.63
F x IB M Y=-041+047W 68.3 0.04 KL = 0.39W47 0.827 0.47 0.57
F Y =-0.35 + 0.45W 46.3 0.06 KL = 0.45W045 0.879 0.45 0.56
Na x IB M Y =-0.45 + 0.49W 75.5 0.03 KL = 0.35W%# 0.869 0.49 0.56
F Y =-0.16 + 0.39W 79.7 0.03 KL = 0.69W%% 0.893 0.39 0.44
N x IB M Y =-0.33 + 0.44W 76.7 0.03 KL = 0.47W0# 0.876 0.44 0.50
F Y =-0.15+ 0.38W 80.1 0.03 KL = 0.71W0%38 0.895 0.38 0.42

IB x F = Isa Brown x Frizzle feathered, IB x Na = Isa Brown x naked neck, IB x N = Isa Brown x normal feathered,

F x IB = Frizzle feathered x Isa Brown, Na x IB = Naked neck x Isa Brown, N x IB = Normal feathered x Isa Brown

M: Male,

F: Female

KL: Keel Length

Y = Log,, (linear trait);

W =log,, (body weight)

SE: Standard Error

The study revealed the occurrence of both isometric and allo-
metric growth of the linear structural body components to body
weight at the two growing phases considered. At 2-10 weeks
growing phase, shank length and body width showed equal rate of
growth while drumstick length and keel length showed dispropor-
tionate growth rate in relation to body weight in most of the geno-
types studied. At the 12-20 weeks growing phase, the body com-
ponents grew at greater rates than the body weight in both males
and females of any genotype. The coefficients of allometric growth
were higher for males than females. It was deduced that only shank
length and body width can be used to predict body weight at early
growing phase regardless of sex and genotype. Improvement of
specific body parts such as the thigh and breast can be achieved by
selecting chickens which show allometric growth of the drumstick
length and body width as early as 2 to 10 weeks of age considering
both sexes and also at 12 to 20 weeks of age especially in males.
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