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ABSTRACT
The objective of this research was to examine the growth pattern for body weight,
body length and height at withers of Kalahari Red goats using non-linear models.
The body size measurement data were collected from 227 Kalahari Red female
goats and fit into Gompertz and Brody growth model. The results revealed that
Gompertz growth model had the best goodness of fit to describe the growth of
Kalahari Red goats for body weight, body length and height at withers as shown by
higher coefficient of determination (97.9, 98.9 and 99.1, respectively). The
correlation coefficients between A and k for body weight, body length and height
at withers were negative in both models, implying that goats of larger mature size
tended to have a slower growth rate in relation to their mature size. Height at
withers-body weight has the highest correlation coefficient (0.96).
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INTRODUCTION

Development Institute (MARDI) for evaluation purpose. This
breed has been observed to acclimatize well to the Malaysian
environment characterized by the temperature range of
26-32°C, relative humidity of 80-90% and an average total
annual rainfall of 2500 mm. The imported Kalahari Red goats
were purebred and high grade stock, possessing common
features of predominantly red hair color. The Kalahari Red
goats mature weight was smaller than Boer goats and well
known for its good foraging and mothering abilities
(Kotze et al., 2004). Kalahari Red goats are also easy to handle
and can give maximum profit to the farmers (Ramsay et al.,
2001).
The growth is explained by Brody, Gompertz, Logistic,
Richard’s and von Bertalanffy growth models, each of which
is defined as a non-linear growth model (Gaddour et al., 2012).
These non-linear models are more suitable to describe animal
growth because the growth has a sigmoid curve form
(Waheed et al., 2011). Usually the non-linear growth models
used to describe relationships between lifetime weight and age
allows us to determine managerial problems and ideal
slaughtering age in goats. The growth curve was varied
depends on model and breed (Akbas et al., 1999).

The Malaysian goat population in 2007 was 428,263
heads and increased slightly to 523,800 heads in 2011 and
only meet 11.28% self sufficiency level for goats in Malaysia
(DVS., 2012). There are many efforts taken by the government
to achieve 25% self-sufficiency in 2015 level of chevon
production, such as importing new breeds to increase the
numbers and quality of goats in Malaysia. The goat population
in Malaysia comprises mainly of the indigenous goat namely
Katjang and its crosses. Local Katjang goats are well adapted
to hot and humid climate of Malaysia, but low in average
daily gain and growth rates. The average of daily weight gain
is 55 g/day with mature weight of 25 kg (males) and 20 kg
(females) (Ernie Muneerah et al., 2010). The height at withers
is about 50-60 cm and the average birth weight is about 1.5 kg.
To initiate the establishment of a sustainable meat goat
industry, a number of farms have imported several meat goat
breeds from South Africa and Australia and one of the breed
is Kalahari Red goats.
The Kalahari Red goats were developed for meat
production in South Africa and have been brought into
Malaysia in 2009 by Malaysian Agricultural Research and
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Although, there were many studies conducted on growth
models for different goat breeds, there was no published
information on growth model for Kalahari Red goats. The
objective of this study was to determine the growth pattern of
three measures of size: body weight, body length and height at
withers of Kalahari Red goats under semi-intensive production
system using Brody and Gompertz growth models.

Brody model:
Wt = A i (1-Bi e-kit )

Gompertz model:
-kt

Wt = Ae-Be

MATERIALS AND METHODS

where, Wt is the observed measure of size (body weight, body
length or height at withers) at age t in months, A is the
asymptote for measure of size, B is a constant of integration
and k is the rate of maturing per day. The parameter A is the
asymptotic limit for measure of size and it is not an estimate
of the largest measure of size reached by an animal. The
constant of integration, B, has no biological interpretation.
Rate of maturing, k, is rate of growth after birth relative to
mature measure of size.
The correlation coefficients between parameter measures
(body weight, body length and height at withers) were
obtained using PROC CORR of SAS 9.3 (2011) package.

Data from 227 Kalahari Red female goats at the
Malaysian Agricultural Research and Development Institute
(MARDI) Research Station, Kluang, Johore, Malaysia were
used in this study. Animals were raised semi-intensively where
they were allowed to graze on native and cultivated pastures
(Panicum maximum) from the morning until early afternoon
(0900 until 1500) and were fed with supplementary
concentrate during the rest of the day in slatted raised
floor-houses.
The data were collected from the records to determine the
age at the time of parameters measured. The age of goats were
categorized over 10 different groups (Table 1).
The cross-sectional data of body weight, body length and
height at withers were collected from female Kalahari Red
goats. Body weight was measured using an electronic
weighing scale and recorded in kilogram (kg). Body length
was measured as the horizontal distance from the point of the
withers to the pin bone and height at withers was measured as
the vertical distance from top of the withers to the ground.
Body length and height at withers, taken using a measuring
tape, were recorded in centimeters (cm). The animals were in
average body condition score of 3 (The 5-point body condition
score used: 1 being thin, lean, 3 being in moderate fat cover
and 5 being in excess fat cover) when their weight and body
measurement were taken (Ariff et al., 2010).
Two growth models namely Gompertz and Brody
(Waheed et al., 2011) were used to fit to individual’s records
for body weight, body length and height at withers of the
Kalahari Red goat datasets. The PROC NLIN (SAS 9.3, 2011)
was utilized to estimate the growth parameters of the two
growth curves as below:

RESULTS AND DISCUSSION
Based on R2 values, Gompertz growth curve model gave
a higher goodness of fit for the three measurements of size
namely body weight, body length and height at withers
compared to Brody model as shown in Table 2. The R2 values
for Gompertz vs Brody model for body weight, body length
and height at withers were 97.9, 98.9 and 99.1, 97.7, 68.4 and
71.6%, respectively. Malhado et al. (2009), Karakus et al.
(2008) and Topal et al. (2004) reported an almost similar R2
value found in their study on sheep for Gompertz model
ranging from 97.8-99.7% while Tsukahara et al. (2008) found
a slightly lower R2 value (93.7%) for the same model. In
Brody model, Karakus et al. (2008) and Topal et al. (2004)
reported a higher value of R2 (98.9 and 99.1%) for body weight
compared to Kalahari Red body weight (97.7%).
Table 2: Growth parameters and coefficient of determination for Brody and
Gompertz models fitted to body weight, body length and height at
withers for Kalahari Red goats
Parameters
Brody
Gompertz
Body weight (kg)
A
52.90±1.048
48.90±0.706
B
0.89±0.008
1.84±0.044
k
0.08±0.005
0.15±0.007
97.7
97.9
R2
Height at withers (cm)
A
66.20±0.879
65.30±0.749
B
0.53±0.022
0.73±0.042
k
0.57±0.058
0.74±0.071
71.6
99.1
R2
Body length (cm)
A
75.70±2.244
73.70±2.164
B
0.41±0.016
0.51±0.026
k
0.57±0.009
0.64±0.009
68.4
98.9
R2
A: Asymptotic measure of size (mature size), B: Constant of integration,
k: Rate of maturing, R2: Co-efficient of determination

Table 1: Number of female goats of Kalahari Red goat breed by age groups
Age group (months)
No.
Birth
37
01-3
28
04-9
31
10-15
19
16-21
17
22- 27
17
28-33
26
34-39
15
40-45
18
>45
19
Total
227
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For all size measurements, the values of mature size (A)
derived from Brody model was larger than Gompertz model.
The estimated mature weight of Kalahari Red goats derived
from Brody model was higher than Gompertz model (52.9 vs.
48.9 kg). The Brody growth model estimated a heavier body
weight at maturity compared to Gompertz model by 7.56%.
The A values gave the better chances to make a direct
comparison among models (Brown et al., 1976). But, the
Brody model tended to overestimate mature size and this
became one of its disadvantages (Lopez de Torre et al., 1992;
Malhado et al., 2009; Ozdemir and Dellal, 2009; Tatar et al.,
2009; Waheed et al., 2011). Meanwhile, the Gompertz model
estimated height at withers at maturity for Kalahari Red does
was 65.3±0.749, while the estimated height at withers at
maturity by Brody model was 66.2±0.879.
The rate of maturing (k) shows the animals’ growth rate
to reach asymptotic size measurement. In all parameters
measured, the k value was lower in Brody model than
Gompertz model, thus Brody model estimates higher mature
size and attain the mature size later compared to Gompertz
model. Waheed et al. (2011) also found the greater value of k
in Gompertz model. Animals with lower value of k will reach
mature size later than animals with high k value (Lopes et al.,
2012).
This study revealed that negative correlation existed
between estimated mature weight (A) and estimated rate of
maturing (k) of Kalahari Red goats, ranging from -0.5077 to
-0.6341 by Gompertz model and -0.5754 to -0.8345 by Brody
model (Table 3). Negative correlation also found in both
model between mature size and rate of maturing for body
length and height at withers. The negative correlation between
A and k indicates that goats with smaller mature size have
faster rate of maturing compared to animal with high
maturing rate. This negative correlation also found in
Santa Ines sheep (Da Silva et al., 2012), Dorper crossbred
sheep (Malhado et al., 2009), Katjang and its crosses
(Tsukahara et al., 2008), Boer and Jamnapari goats
(Ariff et al., 2010) and Brakmas cattle (Hafiz et al., 2014).
Correlation coefficients among body weight, body length
and height at withers for Kalahari Red female goats were
positive as shown in Table 4. Hassen et al. (2012) found that

Ethiopian indigenous goats also have a positive relationship
among measure of size (body weight, heart girth and body
length). Kalahari Red goat body weight was highly correlated
to height at withers compared to body length (0.96 vs. 0.92).
It is in agreement with research on Uganda native breed goats
where they have a higher association of height at withers with
body weight as found by Jimmy et al. (2010). However,
Brown et al. (1976) reported that bulls have highest
association between body weight and body length.
CONCLUSION
The Gompertz model provided a better goodness of fit to
three body measurement (body weight, body length and height
at withers) in Kalahari Red goats as shown by its higher R2
value while the Brody model tended to over-estimate the
mature size. Negative correlation also existed between mature
size and rate of maturing derived by Gompertz and Brody
models indicating that Kalahari Red goats will attain the
mature size at later age. The results on correlation coefficient
showed high relationship between body weight and height at
withers where using this association may be an effective tool
to get an ideal growth curve for selection of Kalahari Red
goats.
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