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Abstract The aim of this study was to characterise ultra-
sound measurements of live and carcass traits in intact males,
females and castrated Tswana goat kids from birth to
12 months of age raised under semi-intensive system in
South-eastern Botswana. Measurements were recorded in
15 castrates, 15 intact males and 15 female Tswana goat kids
randomly selected at birth. Ultrasonic fat and muscle depths
were measured at the first, third/fourth, sixth/seventh, ninth/
tenth and 12th/13th thoracic; first, third and fifth lumbar and
first, second/third and fourth/fifth sternal vertebrae, fort-
nightly for the first 6 months and then monthly for the
remaining 6 months. The animals were stunned and humane-
ly slaughtered at 12 months of age, and ultrasound and
shatterproof ruler were used to measure fat and muscle
depths on the carcasses at similar sites as on live animals.
A real-time B-mode ultrasound scanner fitted with LV2-1
probe operating at 7.5 MHz (Explorer V5 Vet Laptop B-
Ultrasonic Scanner UMC Technology Development Co.,
Ltd, China) was used to predict ultrasound measurements
on live animals and their carcasses. Data were analysed using
general linear model in statistical analysis system. Muscle
depth measurements increased significantly (p<0.05) with
age in all sites of measurements. However, there was no
significant difference between the sexes at different sites of
muscle depth measurements at the same age. Muscle depth at
the sternal vertebrae was significantly deeper (almost 55 mm
at 12 months of age) than 16 mm at thoracic and 16 mm at
lumbar vertebrae at 12 and 8 months of age, respectively. No
subcutaneous fat depth measurements were recorded in the
lumbar vertebrae (0.00+£0.00) and the thoracic (0.00+0.00)
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regions in all sex groups. However, fourth and fifth sternal
vertebrae showed considerably deeper amount of subcutane-
ous fat suitable for taking fat measurements as age increases
(2.07£0.23 mm females, 1.50+£0.43 mm intact males and
1.80+0.38 mm castrates) at 12 months of age. All correla-
tions between live and carcass ultrasound measurements and
also between ultrasound carcass and ruler measurements
were very high (+*=0.96 to 1.00) for all the sexes indicating
that live ultrasound measurements are suitable for use in this
meat breed. More research is needed to evaluate the relation-
ships between live ultrasonic measurements and carcass
yield in the different sexes of Tswana goat kids.

Keywords Botswana - Carcass - Indigenous goat -
Semi-intensive system - Ultrasound parameters

Introduction

The importance of goats cannot be over emphasised; they
provide income, employment, food security to poor farmers,
main source of animal protein (milk and meat) and fulfil
social functions (Aganga and Sera 2010; Yiga-Kibuuka
2010; Sebolai et al. 2012). Meat production is the most
important function of goats in Africa (Drzai¢ et al. 2011).
In Botswana, goats contribute to the meat supply mostly in
rural areas, where much of the marketed goat meat is sold at
local markets, with little attention paid to quality. Meat
quality is determined by different characteristics that also
determine its relative market value. The main parameters of
carcass quality are lean and fat proportions, lean to bone
ratio and saleable meat yield (Olivan et al. 2001). Quality
and quantity of meat produced are also generally a function
of age, sex, genotype and management (feeding in particu-
lar) (Chowdhury and Faruque 2004). Knowledge of carcass
composition and attempts to estimate the body composition
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in live animals are essential for producers to programme
the food supply needs, marketing and genetic selection
(Teixeira et al. 2006). More importantly, scanning animals
at an extended period before slaughter allows sufficient
time to make crucial management decisions and decrease
carcass discount (Wall et al. 2004). Real-time ultrasound
devices are considered the method of choice for accurate
measurement of both fat and muscle depths on live ani-
mals (Sahin et al. 2008). Ultrasound has been used for
evaluating animal composition for over 40 years based on
tissue depth and area measurements (Silva et al. 2007) on
sheep and cattle, with scanty information on goats. There-
fore, to determine optimal breeding strategies to increase
the efficiency of Tswana goat production, knowledge of
carcass traits of various sexes at different ages is needed.
Generating such information can help in contributing to
the characterisation of Tswana goat holistically and also
aid in selection for their improved productivity. The aim
of this study was to characterise fat and muscle depths
using ultrasound and ruler measurements on live and
carcass in intact males, females and castrates of Tswana
goat kids from birth to 12 months of age raised under
semi-intensive system in South-eastern Botswana.

Materials and methods
Animals and management

Forty-five Tswana goat kids born at the same time were
randomly selected and tagged immediately after birth. The
goats were divided into three groups according to sex: 15
castrates, 15 intact males and 15 females. Castration of 15
animals was done at 4 months of age using rubber ring. The
kids at 0—4 months of age remained in an enclosed paddock
whereby they freely nibbled available feed, while their dams
went out to graze natural pasture. At the age of 4 months,
the kids were allowed to graze natural pasture together with
their mothers. The animals were released for grazing at
0800 hours and remained outside until 1400 hours. The
animals were also supplemented with feed when there was
a need. Animals received routine inspection, dipping and
drenching. Vaccination was done for flock health mainte-
nance. Water was provided ad libitum in the kraals.

Pre-slaughter measurements

Measurements of fat and muscle depths were obtained from
each kid using real-time B-mode ultrasound scanner fitted
with a LV2-1 linear probe operating at 7.5 MHz (Explorer
V5 Vet Laptop B-Ultrasonic Scanner UMC Technology
Development Co., Ltd., China). The animals were shaved,
and ultrasonic gel was applied as the couplant before the
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probe was placed. The probe was then placed perpendicular
to the backbone; fat and muscle depth measurements were
recorded on the first, third/fourth, sixth/seventh, ninth/tenth
and 12th/13th thoracic; first, third and fifth lumbar and first,
second/third and fourth/fifth sternal vertebrae.

Carcass measurements

Following measurements at 12 months of age, the animals
were transported to Lobatse Meat Inspection Training Centre
abattoir and slaughtered by standard abattoir practices. Imme-
diately after slaughter, the head, feet including metacarpals
and metatarsals, skin, digestive tract, liver, lungs, heart,
kidneys, pelvic fat, spleen, diaphragm and genital organs were
removed. The carcasses were then cooled at 4 °C for 24 h.
After the cooling period, chilled carcass was cut along the
midline. Ultrasound and shatterproof ruler were used to mea-
sure fat and muscle depths on the left side of the carcass, on
the first, third/fourth, sixth/seventh, ninth/tenth and 12th/13th
thoracic; first, third and fifth lumbar and first, second/third and
fourth/fifth sternal vertebrae.

Statistical analysis

The data were analysed using general linear model proce-
dure in statistical analysis system (SAS Institute 2002—
2008) by fitting the following model:

Yijx = o+ Sex; x Agej + gk
where

Yix  observation of individual

I population mean
Sex; sex (i=1, 2, 3)
Age; (=0 to 12 months, age at measurements)

Eijk random error.

The reported least squares means were separated using
t test in SAS (SAS Institute 2002-2008). Correlations
between live and carcass ultrasound measurements were
calculated using Minitab 15 (Minitab 20006).

Results
The mean slaughter weights were 14.87+0.69, 14.00+0.17

and 13.80+1.14 kg for females, intact males and castrates at
12 months of age, respectively.

Ultrasound muscle depth measurements

Generally, muscle depth increased significantly (p<0.05) with
age on all sites of the thoracic, lumbar and sternal regions.
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However, there was no significant difference (p>0.05) be-
tween the sexes at the same age on all the same sites. The
ultrasonic muscle depth measurements over thoracic vertebrae

a

Ultrasound Muscle Depth (mm)

Ultrasound Muscle Depth (mm)

Ultrasound Muscle Depth (mm)

AGE (weeks)

Fig. 1 Ultrasound measurements of muscle depth at the (a) first, (b)
between third and fourth, (¢) between sixth and seventh, (d) between
ninth and tenth and (e) between 12th and 13th rib for female (filled

reached almost 16 mm at 12 months of age (Fig. 1). However,
muscle depth measurements reached almost 16 mm in lumbar
vertebrae for all the sexes between 28 and 30 weeks (Fig. 2).

b
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circle), intact male (empty circle) and castrated (inverted triangle)
Tswana kids from birth to 48 weeks of age kept under semi-intensive
system in South-eastern Botswana
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Fig. 2 Ultrasound
measurements of muscle depth
at the (a) first, (b) third and fifth
lumbar vertebrae for female
(filled circle), intact male
(empty circle) and castrated
(inverted triangle) Tswana kids
from birth to 48 weeks of age
kept under semi-intensive sys-
tem in South-eastern Botswana
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Fig. 3 Ultrasound
measurements of muscle depth
at the (a) first, (b) between
second and third and (c)
between fourth and fifth sternal
vertebrae for female (filled
circle), intact male (empty
circle) and castrated (inverted
triangle) Tswana kids from 10
to 48 weeks of age kept under
semi-intensive system in South-
eastern Botswana
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The ultrasonic muscle depth measurement was significantly
deeper reaching almost 55 mm at 12 months of age for all the
sexes over the sternal vertebrae compared to that over the
thoracic and lumbar vertebrae (Fig. 3).

Ultrasound fat depth measurements

Ultrasonic fat depth measurements across all the sites of
measurements in the thoracic and lumbar vertebrac were
not detectable (0.00+0.00). However, on the sternal region,
there was an increase on fat depth as the animal aged, which
was generally significant from week 38 onwards. Further-
more, there was no significant variation between the sexes
as age increased on this trait measured at various sites
(Table 1).

Carcass measurements

Slaughter at 48 weeks revealed no significant differences
between ultrasound and ruler measurements of fat and mus-
cle depths, although the ruler measurements were slightly
higher. Muscle depth measurements from the sternal verte-
brae were significantly deeper than those from thoracic and
lumbar regions. However, measurements of fat and muscle
depths at thoracic and lumbar regions showed no significant
difference (Table 2). All correlations between ultrasound
and ruler measurements were very high (*=0.962 to 1.00).

There were no significant differences between ultrasound
and ruler measurements on fat depth among the sexes.
However, ultrasound measurements within a sex group were
significantly higher in females and castrates than in intact
males (Table 3). There were no fat depths detected in the

Table 1 Least square means (+SE) of ultrasound measurements of fat
depths between the fourth and fifth sternal vertebrae of live Tswana
goats from 15 to 48 weeks of age kept under semi-intensive system

Age (weeks) Fat depth (mm)

Females Intact males Castrates
15 1.95+0.15 a 1.67£0.19 a 1.67£0.19 a
17 1.84+0.06 a 1.91£0.09 a 2.00+0.09 a
19 2.40+0.18 a 2.72+£0.24 a, b 2.25+0.23 a
21 3.24+0.13 b 3.09+£0.17 b 3.09+£0.17 b
25 2.00+0.00 a 2.00+0.00 a 2.00+0.00 a
29 2.00+0.00 a 2.00+0.00 a 2.00+0.00 a
33 2.25+0.09 a 2.00+0.10 a 2.11£0.10 a
38 3.00+0.00 b 3.00+0.00 b 3.00+£0.00 b
42 3.00+0.00 b 3.00+0.00 b 3.00+£0.00 b
48 3.00+0.00 b 3.00+0.00 b 3.00+£0.00 b

Means with different small letters within rows and columns differ
significantly (p<0.05)
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thoracic and lumbar vertebrae either in ultrasound or ruler
carcass measurements.

Discussion

The significant increase of muscle depth as measured by
ultrasound in the three vertebrae regions as the age of the
goats increased is consistent with the findings of Nsoso and
Macheng (2009). Butterfield (1988) explained that this repre-
sents growth and development of farm animals. The similar-
ities in muscle and fat depths among the different groups of
goats in the thoracic, lumbar and sternal regions are consistent
with Mahgoub et al. (2004) who also found that differences in
muscle distribution in goats due to sex were small and unlike-
ly to have a commercial impact on meat production. However,
Nsoso and Macheng (2009) reported significantly higher
muscle parameters in males than females. The non-
significant differences between males and females on muscle
and fat parameters in this study could be due to lack of
selection for meat production in this breed.

Failure to detect fat depths in the thoracic and lumbar
regions in Tswana goats is consistent with the conclusions
of several authors: Colomer-Rocher et al. (1992), Teixeira et
al. (1995) and Dhanda et al. (1999) who found that a typical
feature of goat carcasses is the thin subcutaneous fat cover
which increases with age, especially on the sternal region.
This is because kids have a slow development of subcuta-
neous fat (Delfa et al. 2000; Teixeira et al. 1995). Owen et
al. (1978) also concluded that indigenous goats generally
mature later and have leaner carcasses than sheep. Consis-
tent with previous studies of Delfa et al. (2000) and Teixeira
et al. (1995), the sternal vertebrac showed slightly deeper
subcutaneous fat layer that is suitable for taking fat measure-
ments as age increases in the goat. The sternal region can
therefore be the most useful part of the body to assess
subcutaneous fat during growth and development in Tswana
goat kids. The higher proportion of muscle and lower pro-
portion of subcutaneous fat in the present study indicate the
potential of the Tswana breed as a source of lean meat. Fat
deposition is not desirable, and today’s health conscious
consumer demands leaner meat products (Nsoso et al.
1999). Tswana goats could be genetically superior for lean
tissue deposition and inferior for fat deposition and therefore
suitable for exportation to various countries and selection
programmes. Excess fat deposition is a waste of energy and
money (Nsoso et al. 2003). Although Tswana goat growth
may not be as rapid as other improved breeds, with modest
care and minimum investment, they can produce good
yields of meat and improve income for rural communities
who keep this indigenous breed.

The values of the ultrasound and ruler measurements on
live and carcass traits of Tswana goats in this study were
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Table 2 Least squares means (£SE) of ultrasound and ruler measurements of muscle depths on carcass of Tswana kids slaughtered at 48 weeks of
age raised under semi-intensive system in South-eastern Botswana

Muscle depth (mm)

Intact male

Female

Castrates

Ultrasound

Ruler

Ultrasound

Ruler

Ultrasound

Ruler

At first rib

Between third and
fourth ribs

Between sixth and
seventh ribs

Between ninth and
tenth ribs

Between 12th and
13th ribs

At first lumbar
vertebrae

At third lumbar
vertebrae

At fifth lumbar
vertebrae

At first sternal
vertebrae

Between second and

third sternal vertebrae

Between fourth and
sternal vertebrae

26.50+2.5 a, b, x
26.00+3.23 a, x

21.50+2.97 a, x
23.00+2.84 a, x
21.25+2.65 a, x
21.75+1.89 a, x
23.00+1.88 a, x
23.50+2.18 a, x
48.50+3.52 a, y
52.50+3.40 a, b, y

51.00+4.39 a, y

30.60+£1.53 a, x
27.00+1.68 a, x, y

28.80+3.80 a, X, y
24.20+2.61 a, x, y
23.80+£2.25 a, X,y
23.20+1.52 a,y
23.00+1.51 a, y
24.00£2.26 a, X, y
54.00+3.44 a, z
62.00+4.31 b, z

53.60+4.20 a, z

24.79+1.3 a, b, x
23.86 £1.73 a, x

22.43+1.59 a, x
22.14+1.52 a, x
22.21+1.42 a, x
21.79+1.01 a, x
22.79+1.01 a, x
21.71+1.16 a, x
51.14+1.88 a, y
52.71+1.82 a, b,y

55.50+£2.35a,y

26.46+0.95 a, b, x
26.69+1.04 a, x

25.69+2.36 a, x
28.23+£1.62 a, x
26.77£1.40 a, x
25.31£0.94 a, x
23.23+0.94 a, x
24.46+1.40 a, x
56.23+2.14 a, y
54.53+2.67 a, b,y

52.15+£2.60 a, y

23.00£2.26 b, x
20.60+2.90 a, x

22.80+2.66 a, x
23.00+2.54 a, x
22.80+2.37 a, x
19.20+1.69 a, x
21.80+1.68 a, x
28.60+£0.95 a, y
42.40+3.15a,z
45.00+3.04 a, z

47.40+£393 a, z

22.60+1.53 a, b, x
25.00+1.68 a, x

27.80+3.80 a, x
26.00+£2.61 a, x
25.20+£2.25 a, x
25.20+£1.52 a, x
25.60+1.51 a, x
24.40+2.26 a, x
51.60+£3.44 a, y
51.00+4.31 a, b, y

51.20+£4.20 a, y

Means with different small letters a, b and ¢ within a row differ significantly (p<0.05). Means with different small letters x, y and z within a column

differ significantly (p<0.05)

similar to those observed by Teixeira et al. (2008) on Celti-
berica goats. The deeper ultrasonic fat depth measurements in
live animals could have been due to overestimation. It is
possible to overestimate fat depth in live animals due to small
space between the ribs in relation to the probe width. This was
also reported by Corral de Mesta et al. (2004) on crossbred
Spanish goats. Stanford et al. (1995) also reported difficulty in
obtaining distortion-free ultrasound images due to closeness
of'the 12th and 13th ribs in Alpine goats. Corral de Mesta et al.
(2004) mentioned that the lumbar vertebrae could be a possible
alternative site of measurements to remedy the overestimation
problem in goats. However, correlation between ultrasound
measurements in live animals and their carcasses and between
ultrasound carcass and ruler measurements was nearly unity
(+*=0.96 to 1.00). Therefore, if there was overestimation, it

was relatively low in the present study. Moreover, research has
shown that accuracy is highly dependent on the technician and
the level of experience (Realini et al. 2001). The high correla-
tions for live and carcass traits obtained in the present study
indicate high accuracy.

Lack of significant influence of sex on ultrasound and
ruler measurements of carcass muscle and fat depths is
inconsistent with findings of Owen et al. (1978) who found
that the dissectible carcass fat levels were higher in the
indigenous Tswana castrates than in the Boer goats. The
lower values could be associated with inadequate nutrition
or late maturity in goats. Level of intake and diet composi-
tion have been shown to be major factors influencing car-
cass yield and composition (Wood et al. 2008), especially in
different sexes of goats. Pasture alone, specifically tropical

Table 3 Least squares means (+SE) of ultrasound and ruler measurements of fat depths on carcass of Tswana kids slaughtered at 48 weeks of age

raised under semi-intensive system in South-eastern Botswana

Fat depth (mm) Intact male Female Castrates

Ultrasound Ruler Ultrasound Ruler Ultrasound Ruler
At first sternal vertebrae 1.25+0.32 a 0.52+0.11 a 1.79+£0.17 a 0.28+£0.07 b 1.40+0.28 a 0.24+0.11 b
Between second and third sternal vertebrae 1.25+0.35 a 0.48+0.09 a 1.86+0.19 a 0.28+0.06 b 1.60+0.31 a 0.22+0.10 b
Between fourth and fifth sternal vertebrae 1.50+0.43 a 0.58+0.12 a 2.07+0.23 a 0.32+0.07 b 1.80+0.38 a 0.18+0.12 b

Means with different small letters within a row within a sex group differ significantly (»<0.05)
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grass, does not ensure that growing animals get sufficient
energy to attain appropriate growth rates for high slaughter
weight, heavy and well-conformed carcass (Alexandre et al.
2009). The level of fatness influences the general body com-
position of meat animals more than differences in any other
tissue. However, fat depth measurement is the most vari-
able component of the body in relation to varying genetic
and environmental factors (Owen et al. 1978; Alexandre et
al. 2009).

Conclusions

Due to lack of subcutaneous fat development and shallower
muscle depths, both in thoracic and lumbar regions in both
the live animals and carcasses using either ultrasound or
ruler measurements in Tswana goats kids during growth and
development under semi-intensive system, these sites were
deemed not suitable for use in this meat breed. However,
because of the deeper muscle depth and detectable fat depth,
the sternum region proved to be the most useful part of the
body to assess subcutaneous fat and muscle depths in the
live animals and carcass of Tswana goat kids raised under
semi-intensive system in Botswana during growth and de-
velopment. Due to lack of significant differences among the
sexes at the same site of measurement for muscle and fat
depths at the same age in Tswana goat kids raised under
semi-intensive system in Botswana during growth and devel-
opment, farmers can select any sex for meat production.
Further studies are required to evaluate the relationships be-
tween live ultrasonic measurements and carcass yield in the
different sexes of Tswana goat kids to help in the selection and
marketing of this breed.
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