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Abstract. The objective of this study was to develop statistical models to predict body weight from goat's body measurements. Data on 1702 goats
for circumferences of chest (CG), abdominal circumference (AC) and spiral circumference (SC), height at withers (WH), body length (BL), and
body weight (BW) were analysed to study the relationship between linear body measurements and body weight. The present study revealed that
in the goats from all breeds studied (Arabia, Makatia, Kabyle, M'zabite, Saanen and Alpine), the weight evolved in the same direction and at the
same rate as the linear measurements chosen. The linear measurements were all significantly correlated with animal weight (p<0.001). Results
indicated that Arabia goats had the highest WH (71.07 cm) and CG (17.72 cm). The highest measurements were reported in Alpine goats for AC
(97.73 cm), BL (78.05 cm), SC (106.29 cm) and BW (41.60 kg). The Kabyle breed were recorded with the lowest values for the WH (64.95 cm), BL
(67.58 cm) and BW (29.52 kg). The average live weight was 38.15+10.90 kg with differences according to age, sex and breed (Arabia, Makatia,
Kabyle and M’Zabite). Positive and highly significant (p<0.001) correlations were observed between BW and the majority of independent variables.
The highest relationship was illustrated between CG with BW (r=0.922). Linear regression analyses were performed to develop the models. The
simple regression analysis found all parameters to be significant (p<0.001) (WH, BL, CG, AC and CS) and CG gave more precision on the weight
when using a single measurement parameter (R? varied between 0.950 and 0.967). Therefore, the following formula can be used to estimate
the live weight of the animals using only the chest circumference (P=75*CG). The development of these equations would enable producers and

researchers to predict the animal body weight and develop strategic plans for the relevant goat herds.
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Abbreviations: AC- Abdominal circumference, BL- Body length, BW- Body weight, CG- Circumference of chest, SC- Spiral circumference,

WH- Height at withers.

Introduction

Goat farming is an efficient agricultural enterprise for farmers
with little land and other resources (Moela, 2014). In Algeria,
the local goat population, mainly present in difficult regions
(mountains, forests, steppes and the Sahara) (Ouchene-
Khelifi et al., 2015), uses poor food resources to produce meat
(Madani et al., 2015). Its population is estimated at 4.9 million
in 2018 (FAOSTAT, 2018).

Body weight is a very important characteristic in meat
animals due to its direct relation with income (Cam et al.,
2010). It is supplemented with measurements which describes
an individual or population more completely than conventional
methods of weighing or grading (Ravimurugan et al., 2015).
Body measurements are important to reflect breed norms
and provide information on the morphological structure
and developmental capacity of animals (Riva et al., 2002).
They are indicators of growth in animal life and are also
useful for predicting body weight and carcass characteristics
(Ravimurugan et al., 2015; Kumar et al., 2018).
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Estimating body weight using body measurements is
advantageous for improving both the economic gain of
operations and the efficiency of selection (Elmaz et al., 2008).
When selecting goats, attention should be paid to age, growth
rate, circumference of chest and body length. The prediction
of live weight and its relationship with other morphological
measures provides valuable knowledge for the study of animal
husbandry with regard to meat production per animal (Igbal et
al., 2013). Many authors have used body measurements to
predict the body weight of sheep (Tadesse and Gebremariam,
2010; Birteeb et al., 2012) and goats (Parés et al., 2012;
Hopker et al., 2019; Abd-Allah et al., 2019b; Waheed et al.,
2020) but to our knowledge, no studies have been carried out
in Algeria on the determination of the live weight of goats using
body measurements.

The present study was therefore carried out to establish
the relationship between live weight and some linear body
measurements in local Algerian breeds in order to derive a
prediction equation to estimate the live weight of goats under
field conditions without the use of scales.



Material and methods

Study location and animal samples

Twenty-one regions of Algeria were selected including
cradles of the local breeds (Figure 1). The data for this study were
obtained among 1702 adult goats, comprising 329 males and
1373 females belonging to six different breeds (Arabia, Makatia,
Kabyle, M'zabite, Saanen and Alpine). Of all of them 454 aged
less than 24 months, and 1248 aged over 24 months (Table 1).
These animals were evaluated by morphometric characteristics.
The pairs of permanent incisors in the dentition of the goat were
used to determine age (Wilson and Durkin, 1984).

Figure 1. Geographical location of the sampling of goats in
Algeria

Table 1. Number of goats of the different breeds included in the study

Goat breed Male Female

<24 monthsofage ~ >24 months ofage  Total <24 months ofage > 24 months of age Total
Arabia 65 65 130 98 457 555
Makatia 36 35 71 80 225 305
Kabyle 16 13 29 26 47 73
M'zabite 17 25 42 34 208 242
Saanen 9 16 25 24 69 93
Alpine 15 17 32 34 71 105
Total 158 171 329 296 1077 1373

Body measurements measurements was carried out with R logiciel (R Core Team,

Aseries of six parameters were determined for each animal,
as recommended by FAO (2013):

- Height at withers (WH, cm), measured as the distance
from the ground to the withers;

- Circumference of the chest (CG, cm) was measured
using a tailor's tape calibrated in cm, which was taken as the
circumference of the body immediately behind the shoulder blades
in a vertical plane, perpendicular to the long axis of the body;

- Abdominal circumference (AC, cm) measured using a
rigid tape measure, around the body at the most bulging part
of the abdomen;

- Body length (BL, cm) was measured using a rigid tape
measure, measured as the distance from the point at the top
behind the scapular to the base of the tail;

- Spiral circumference (SC, cm) measured using a rigid
tape measure, measured from the tip of the sternum, middle of
the right arm, middle of the back, one hand brace under the tip
of the left hip, middle of the perineum;

- Body weight (BW, kg) was taken using the Salter
hanging spring type scale and measured to the nearest 0.5 kg.

During body measurement, two assistants had made
animals stand upright and restrained in such a way that their
heads, necks and chest were stretched nearly straight.

Statistical analysis
Statistical analysis for body weight and morphometric

2013). Data collected were classified according to sex and
age. Two age groups: Group 1 (aged less than 24 months)
and Group 2 (aged more than 24 months) were used and
the significant means were analyzed by one-way analysis of
variance (ANOVA). The average means of the morphological
traits were compared according to sex using Independent
T-test. Pearson’s coefficient of correlation was measured
between body weight and morphometric measurements.

Prediction of live body weight using body measurements

In our study we tried to estimate the live weight of goats
from the local population. Two methods of calculation were
used:

- CREVAT formula P = x.CG® and

- Regression equations.

Formula studied using CREVAT formula

The CREVAT equation based on the chest circumferences
(CG) measurement in cattle was used in the present analysis
(Marcenac et al., 1980):

BW =80.CG?, so in goats the calculation is as follows:

BW =x.CG®.

So a constant “x” was determined to define a specific
formula for local goats, which is:

X =BWICG®

For more precision, we compared the live weight of the
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goats obtained by the scale with that calculated by the two
methods mentioned above.

According to the CREVAT method calculated according to
the thoracic perimeter (Marcenac et al., 1980): P = 80.CG? in
large animals such as cattle and horses.

The formula obtained was as follows: P = x.CG?, then x = PICG.

Estimating body weight by linear regression equations

The body measurement data we obtained were also used
to estimate the live weight of the animals by determining
biometric formula obtained from simple and multiple linear
regression equations. The biometric formulas were determined
using Excel 2010 software using simple and multiple linear
regression methods for males and females separately and then
for the entire population.

We considered the estimated weight as the dependent
variable. The independent variables were: chest circumference,
abdominal circumference, spiral circumference, height at
withers and body length.

The different equations were compared on the basis of their
coefficient of determination (R?).

Simple linear regression: Y = a + bX;

Multiple linear regression: Y = a + bX +cX,+ dX3 +eX,+ sz,

Where:

Y = Dependent variable (estimated weight);

a = Intercept (value of the dependent variable when the
independent value is equal to zero);

b,c,d,e,f = Regression coefficient associated with the
independent variable;

X, X, X, X, X, = Independent variable (chest
circumference, abdominal circumference, spiral circumference,
height at withers, body length).

Results

Statistical description of live body weight (kg) and body
measurements (cm) of goats

The various body measurements and live body weight vary
significantly between the different goat breeds (Table 2). Alpine
and Arabia goat breeds generally showed the highest values
(41.60 kg and 37.67 kg, respectively), while Kabyle showed
the lowest (29.52 kg). M’'Zabite and Makatia have a weight very
close to 35 kg.

The highest measurements of BW, AC, BL and SC were
reported in Alpine —66.99 cm, 97.73 cm, 78.05 cm and 106.29
cm, respectively. The highest value for CG was found in
Arabia — 17.72 cm. On the other hand, the Kabyle breed was
recorded with the lowest values for all body measurements
with exception for AC, which value is the lowest in M'Zabite
- 87.55 cm.

Table 2. Mean values (M) of measurements with standard error (SE) and coefficient of variation (CV) by breed

Variables WH, cm CG,cm AC, cm BL, cm SC, cm BW, kg
M 69.99° 17.24% 97.732 78.05° 106.292 41,602
Alpine SE 2.39 0.94 5.83 4.41 6.57 6.59
CV, % 0.03 0.05 0.06 0.06 0.06 0.14
M 65.11° 16.82° 88.28% 69.90¢ 95.65¢ 35.69¢
Makatia SE 6.49 2.86 749 5.76 6.35 7.23
CV, % 0.1 0.17 0.08 0.08 0.07 0.2
M 71.072 17.72 88.460 71.54¢ 97.93° 37.67°
Arabia SE 4.34 2.3 7.71 5.52 5.32 6.32
CV, % 0.06 0.13 0.09 0.08 0.05 0.16
M 64.95¢ 13.52¢ 89.72° 67.58° 94.01¢ 29.52¢
Kabyle SE 4.06 1.1 5.89 2.7 418 3.81
CV, % 0.06 0.08 0.07 0.04 0.04 0.12
M 68.95° 16.39° 87.950 75.12° 99.10° 34.71¢
Saanen SE 291 1.0 9.27 4.01 6.99 8.34
CV, % 0.04 0.06 0.11 0.05 0.07 0.2
M 66.76° 15.45¢ 87.55¢ 71.81° 95.48« 35.62¢
M'Zabite SE 3.84 1.56 9.0 4.6 5.84 7.34
CV, % 0.06 0.1 0.1 0.06 0.06 0.2

*Means in the same column with different lowercase letters indicate that there is a significant difference (p<0.05) between
the breeds; WH- Height at withers, CG- Circumference of chest, AC- Abdominal circumference, BL- Body length, SC- Spiral

circumference, BW- Body weight.

Correlations between body weight and linear body
measurements

A significant positive correlation was observed between
animal weights with all measurements performed (GC, AC,
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SC, WH and BL) (p<0.001) (Table 3). The highest relationship
was illustrated between BW with CG (r=0.922), while the
lowest correlation was equally reported between AC and WH
(r=0.483).



Table 3. Coefficient of correlation between body weight and
linear body measurements

BL WH CG AC SC BW
BL 1
WH 0677 1
CG 0.747 0680 1
AC 0566 0483 0753 1
SC 0793 0711 0852 0759 1
BW 0804 0721 0922 0759 0891 1

*BL- Body length, WH- Height at withers, CG- Circumference of
chest, AC- Abdominal circumference, SC- Spiral circumference,
BW- Body weight

Predicted live body weights (kg) from body measurements
(cm) of goats based on sex and age

The use of simple or multiple linear regression equations
allowed us to estimate the weight of goats using one or
more parameters. The weight of goats of the studied breeds,
assessed according to the sex of the animals (males and
females) and age categories (<24 months and >24 months) is
presented in Tables 4 and 5.

Table 4. Simple regression analysis of live body weight
on different body measurements according to gender and
different age categories

Equations Gender Intercept B1 R?

. P1 -35.002  0.9812  0.850

P2 -13.024  0.7324  0.850

WH v P1 -452019 11469  0.807
P2 -44.8322 11945  0.836

P1 -51.632 11227 0.950

- P2 -51.632  1.1227  0.967

cG . P1 -49.5547  1.099 0.967
P2 -70.5425 13914  0.962

. P1 -14919 05845  0.895

AC P2 -14919 05845  0.890
y P1 -42.6725 0.8952  0.884

P2 629938 11793  0.707

P1 -54.655  0.9417  0.850

" P2 -54.655  0.9417  0.860

cs " P1 -46.2743  0.8497  0.930
P2 66.929  1.0951  0.874

*WH- Height at withers, CG- Circumference of chest, AC-
Abdominal circumference, SC- Spiral circumference; F-
Female, M- Male, P1- age < 24 months, P2- age > 24 months,
R2- Coefficient of determination.

Table 5. Multiple regression analysis of live body weight on different body measurements according to gender and different

age categories

Equations Gender Intercept B1 B2 B3 4 B5 R?
. P1 -28.6475 0.3576 0.519 0.839
P2 -40.7436 0.3574 0.747 - 0.798
WH+BL
y P1 -48.9391 0.6792 0.523 - 0.872
P2 -62.5158 0.6269 0.808 - 0.868
. P1 -39.2888 -0.076 0.273 0.761 0.941
P2 -63.5752 0.1391 0.305 0.878 0.915
WH+BL+CG
. P1 -53.6829 0.0625 0.249 0.874 0.970
P2 -79.5331 0.191 0.403 0.958 0.954
. P1 -42.0297 -0.071 0.285 0.596 0.169 0.946
P2 -67.0181 -0.154 0.306 0.721 0.166 0.925
WH+BL+CG+AC
y P1 -54.2001 0.0698 0.229 0.810 0.073 0.970
P2 -92.4296 0.2663 0.332 0.807 0.272 0.962
. P1 -42.0754 -0.126 0.208 0.523 0.104 0.215 0.951
P2 -70.3455 0.1038 0.220 0.625 0.104 0.267 0.952
WH+BL+CG+AC+SC
y P1 -53.5429 0.027 0.192 0.736 0.018 0.161 0.972
P2 -89.7860 0.0497 0.290 0.750 0.139 0.328 0.970

*WH- Height at withers, BL- Body length, CG- Circumference of chest, AC- Abdominal circumference, SC- Spiral circumference;
F- Female, M- Male, P1- age < 24 months, P2- age > 24 months, R2- Coefficient of determination.

In the prediction of body weight, the simple regression
analysis found all parameters (WH, BL, CG, AC and CS) to
be significant (p<0.001) of which R? coefficient values varied
between 0.707 and 0.967 (Table 4). The CG was reported as
the most precise parameter to predict the body weight, of which

the R? coefficient varied between 0.950 and 0.967.

The multiple regression analysis found all parameters to
be significant (p<0.001) (WH, BL, CG, AC and CS) of which R?
values varied between 0.798 and 0.972 (Table 5). The use of
the five variables at the same time gives more precision for the

137



biometric formula of weight estimation compared to the different
measurement performed. Indeed, R? coefficient values varied
between 0.951 and 0.972 in both sexes and in both age categories
P1 (age <24 months) and P2 (age >24 months) (Table 5).

The determination of a specific formula of body weight
calculation for the goats studied

Based on the CREVAT method and formula of Marcenac et
al. (1980) — P = 80.CG? for calculation of the live body weight of
large animals (cattle and horses) we developed the formula for
calculation of the live body weight in goats as follows:

P=x.CG®(x=P/CG®) and P = 75*CG.

Table 6. The x-value calculated and body weight corresponding

The results for x-values and the live body weight of the
different breed goats — calculated by our formula — P = 75*CG
and measured by weighing are presented in Table 6. The
total average calculated x-value is x = 75.04£7.99 and the
calculated and measured live body weight is 35.72+9.53 and
35.5749.07, respectively. In all studied goat breeds, the live
weight calculated by the formula is equal to or very close to
the measured one. The results obtained give us reason to
suggest the developed formula to be used for calculating the
live weight of different breeds of goats only on the basis of
chest circumference measurement.

Variables x-value CG, cm Body weight calculated, kg (P=75*CG) Body weight measured, kg
Age < 24 months 75.86+8.49 72.96+7.94 30.2249.65 30.2148.98
>24 months 74.70£7.75 79.2316.53 37.51£9.00 37.39+2.76
Female 74.75+7.92 77.06+6.79 34.69+8.21 32.50+2.86
Sex Male 76.75+8.19 79.49+10.75 40.04£14.63 39.72+15.70
Arabia 77.23+7.27 77.23+7.27 37.67+9.34 37.15+9.56
Kabyle 74.45+8.99 73.3415.86 29.52+5.87 30.13+6.83
Makatia 74.6147.77 75.98+7.81 35.69+9.08 36.00£9.71
Breed  \rzabite 7356£6.79  77.956.13 35.628.47 36.36+8.43
Alpine 72.62+9.30 81.06 £10.97 41.6+£13.05 42.28+16.80
Saanen 75.4548.12 79.5116 .56 34.7148.04 34.05+9.12
Average 75.04+7.99 77.41+7.53 35.72+9.53 35.57+9.07

Discussion between BW and morphometric measurements and the highest

Body weight measurement is essential in livestock breeding
for any reproductive, feeding, vaccination and drug dosing
program (Olawumi and Farinnako, 2017) and to make selection
and slaughter decisions by farmers (Musa et al., 2012a). In
our study, adult goats (aged over 24 months) were heavier
than young goats (aged less than 24 months) (Table 2). This
is normal, as the animal grows; its size and shape should
increase with age (Semakula et al., 2010; Kabiraj et al., 2011).
Therefore, if body weight increased with age, it indicates that
the study population was healthy (Sam et al., 2016).

Males were found to be heavier than females because they
are heavier at birth than females (Abd-Allah et al., 2019a).
This has been reported elsewhere (Adeyinka and Mohammed,
2006a,b; Semakula et al. 2010; Abd-Allah et al., 2019a).

The correlation is one of the most common and most useful
statistical tools that describe the degree of relationship between
two variables (Zergaw et al., 2017). In this study, positive
correlations were recorded between the different traits. Those
correlations are related to the growth of the animals (Olawumi
and Farinnako, 2017) and according to El-Labban (1999) those
correlations could be the result of the pleiotropic effects of the
genes and the linkage effects that operate on these traits.

High positive correlations were recorded in this survey
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correlation was observed with CG (Table 3). Effectively, Bello
and Adama (2012) reported that the presence of muscle and
bone around the heart region was responsible for the relatively
higher and positive relationship between BW and CG compared
to other measures. Comparable results were reported by other
authors (Adeyinka and Mohammed, 2006a,b; Zergaw et al.,
2017).

Body weightis the most commonly used method of measuring
body development in animals, but it is not easily measured in the
field. This is due to the time and energy required to determine it
(Oke and Ogbonnaya, 2011). Prediction of body weight based on
body measurements is still the ideal solution. Simple and multiple
linear regression equations have been used to predict body
weight from different goat body measurements (Seifemichael et
al.,, 2014). In our survey, the simple regression equations have
shown significant findings of which CG was the best predictor
of body weight compared to other morphometric measures
(Table 4). This result is consistent with other studies (Yakubu et
al., 2011; Musa et al., 2012b). Concerning multiple regression
equations (Table 5), the high and positive association between
estimated and measured body weight suggests that anyone or
any combination will provide a good estimate of body weight
in goats (Olawumi and Farinnako, 2017). The high correlation
between predicted and actual live weight measurements justifies



the credibility of using these models to predict the live weight of
goats in Algeria (Table 6).

Conclusion

Based on the results obtained it was found: (i) Body weight
was positively and highly correlated with all body measurements
(Height at withers - WH, Circumference of chest - CG,
Abdominal circumference - AC and Spiral circumference - SC).
(ii) Prediction equation for live weight is feasible using the CG to
estimate body weight with reasonable precision. This therefore
reduces the practical usefulness of using other body measures
in conjunction with CG. (iii) The formula we developed using
only chest circumference (P=75*CG) would be preferable and
facilitates the estimation of live weight of goats.
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