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Introduction

In lambs, studying body composition has be-
come important due to the demand for better meat 
quality in sheep farming (Anderson et  al., 2016). 
Consequently, the need for improved meat qual-
ity has resulted in a growing interest in accessing 
accurate data to calculate carcass and body chemi-
cal composition. This is essential for assessing nu-
tritional requirements and physiological growth  
(Morales-Martínez et al., 2020), because weight gain 

and body composition are directly related (Herath 
et al., 2020). Body composition studies involve anal-
yses and measures of body properties, such as size, 
surface area and density (Costa-Moreira et al., 2015). 
The growing interest in body composition has led to 
the search for methods allowing to determine body 
composition of animals in vivo (Fonseca et al., 2017; 
Morales-Martínez et al., 2020). Since body mass gain 
occurs in a  temporal sequence at different rates, it 
provides essential information to estimate changes in 
tissue body composition under different 
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physiological conditions (prenatal, postnatal to wean-
ing, weaning to puberty and puberty to maturity) 
(Pearce et  al., 2009; Salazar-Cuytún et  al., 2020a). 
The so far commonly applied approaches (live weight 
and body condition) are not very suitable due to the 
internal pattern of fat accumulation and because the 
body condition assessment technique is not applica-
ble at early growth stages (Morales-Martínez et al., 
2020). Furthermore, there is a need to develop an ap-
proach where body chemical composition could be 
assessed cross-sectionally and information on indi-
viduals could be collected over time.

In this regard, body mass index (BMI) is a coef-
ficient that allows measuring body composition and 
carcass characteristics of sheep (Chavarría-Aguilar 
et al., 2016; Salazar-Cuytún et al., 2020b) and other 
animals. There are studies concerning body fat re-
serves determined by the body condition score in 
pre-pubertal sheep (Chavarría-Aguilar et  al., 2016). 
Nevertheless, no information is available regarding 
BMI during the growing period in sheep. In order to 
provide information on body chemical composition 
for accurate comparisons, it is necessary to study the 
relationship between BMI and body chemical com-
ponents at different stages and ages. Therefore, the 
objective of this study was to investigate the rela-
tionship between corrected body mass index (BMIc) 
and body chemical components in weaned Pelibuey 
lambs.

Material and methods

Experimental site, animals, and collection of 
biometric measurements (BM)

The study was conducted in accordance with the 
guidelines and regulations for ethical animal experi-
mentation of the Universidad Juarez Auntónoma 
Tabasco (PFI: UJAT-DACA-2015-IA-02) and the 
NOM-033-SAG/ZOO-1995 Official Mexican Stan-
dard. The experiment was carried out at the El Ro-
deo commercial farm (17°84′N, 92°81′W) in Tabas-
co, Mexico. Thirty-eight Pelibuey lambs (21 males 
and 17 females), weaned at 56 days of age, weigh-
ing 10.64 ± 2.46 kg body weight (BW), were used. 
The lambs and their dams were managed in a feed-
lot system in individual pens, with free access to 
feed and water. However, the offspring did not have 
direct access to the ewes’ feeders. The lambs were 
slaughtered on the day of weaning.

Calculation of corrected body mass index
Twenty-four hours before slaughter, BW was 

registered, and subsequently empty BW (EBW) was 

calculated for each lamb. Height at withers (WH) 
and body length (BL) were measured, and BMIc 
was calculated according to Salazar-Cuytún et  al. 
(2020b):

BMIc = [EBW / WH / BL] / 10, 
where: EBW  – empty body weight (kg), WH  – 
height at withers (m), and BL – body length (m).

To calculate BMIc, live weight was replaced 
with empty live weight (EBW) according to  
Salazar-Cuytún et al. (2020b).

Slaughtering 
The lambs were slaughtered and processed 

in accordance with the Official Mexican Standard 
NOM-033-ZOO-1995, established for the humane 
processing of meat animals. Twenty hours before 
slaughter, the feeds were removed and shrunk BW 
(SBW) was recorded. 

Hot carcass weights were recorded and  divided 
along the dorsal midline into two halves and cooled 
for 24 h at 1 °C. The gastrointestinal tract (GIT) was 
weighed full and empty. Empty BW (EBW) was cal-
culated as slaughter body weight minus GIT content. 
Internal organs, blood, and internal fat deposits were 
weighed separately for each lamb. The constituents 
of the body, blood, and viscera (liver, heart, kidneys, 
lungs and trachea, rumen, reticulum, omasum, ab-
omasum and small and large intestines, spleen and 
reproductive system) were mixed and grounded 
(4-mm screen, Torrey; Mexico). At the end of the 
process, two samples (carcass and viscera weighing 
0.5 kg) were collected from each animal for storage 
and preservation at −20 °C for subsequent labora-
tory analysis.

Chemical analyses
The samples (carcass and viscera) were freeze-

dried to determine: dry matter (DM), crude protein 
(CP) (method 984.13) and fat (method 920.39) con-
tents according to AOAC (1990). Energy content 
was calculated assuming caloric values of 39.2 and 
23.6 MJ/kg for fat and protein, respectively (ARC, 
1980). Total body chemical composition (BW, fat, 
and energy) was calculated as the sum of carcass 
chemical composition plus visceral chemical com-
position.

Statistical analyses 
The PROC CORR procedure from SAS (2002) 

was used to calculate the correlation coefficients 
from values significantly different from zero. The 
regression procedure was used to estimate the re-
lationships between BMI and body composition 
using the PROC GLM SAS procedure (2002).  
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Linear and multiple (quadratic) regressions were 
evaluated. Goodness-of-fit of the regression models 
were assessed using the root mean square predic-
tion error (RMSE). The following were tested in the 
evaluation of the regression models: the null hypoth-
esis (H0) that b0 was equal to zero and b1 was equal 
to one, and the alternative hypothesis (HA). Accep-
tance of the null hypothesis meant that the model 
accurately explained the variation in the dataset. 

The final values of protein, fat and energy con-
tents were compared with the predicted values for 
the models (Figure 1). The precision and accuracy 
of the models was evaluated against predicted val-
ues by evaluating R2 of the linear regression of Y 
(i.e., observed) on X (i.e., predicted) using the Mod-
el Evaluation System (MES) (Tedeschi, 2006).

The MES system evaluates the predictive ca-
pacity of the equations to account for the distance 
between predicted and actual values using statistics 
such as the coefficient of determination (R2), mean 
square error (MSE), standard deviation (SD), root 
mean square error of prediction (MSEP) and root 

MSEP (RMSEP). The average inaccuracy of the 
model was represented by the mean bias (MB), as 
described by Cochran and Cox (1957). The propor-
tion of variation explained by the Y = X relation-
ship was used to indicate the goodness-of-fit using 
the modelling efficiency factor (MEF) (Loague and 
Green, 1991; Mayer and Butler, 1993), and the mod-
el coefficient of determination (CD) was applied to 
assess the variance in the predicted data. The bias 
correction factor (Cb), as a component of the cor-
relation coefficient of concordance (CCC) (Lin, 
1989), was used as an index of reproducibility to 
account for accuracy and precision. The models as-
sumed high accuracy and precision when the coeffi-
cients were > 0.80, low when they were < 0.50, and 
moderate when they ranged between 0.51 and 0.70.

Results

There was no sex effect for any of the evaluated 
variables (P > 0.05). The animals were contempo-
raries, had the same origin, and were reared under 
similar conditions.

Figure 1. Body chemical composition of Pelibuey lambs, observed versus predicted 
CCP – carcass crude protein, CF – carcass fat, CE – carcass energy, VCP – visceral crude protein, VF – visceral fat, VE – visceral energy,  
TBCP – total body crude protein, TBF – total body fat, TBE – total body energy
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The average, minimum and maximum val-
ues of the variables are presented in Table 1; total 
body energy (TBE), carcass energy (CE), and vis-
ceral energy (VE) were the chemical components 
of the body that showed the highest variation. The 
correlation coefficients (r) between the variables 
are shown in Table 2. The relationship (r) between 
BMIc with carcass crude protein (CCP) and visceral 
crude protein (VCP) was 0.80 and 0.50, respectively  
(P < 0.0001), while for BMIc with carcass fat (CF) 
and visceral fat (VF), they were 0.73 and 0.72, re-
spectively (P < 0.0001). In contrast, the correlations 
befat (TBF), and total body energy (TBE) had r val-
ues of 0.76, 0.80 and 0.76, respectively (P > 0.0001).

Table 3 shows the regression equations for the 
relationship between BMIc and body chemical 
components in Pelibuey lambs. Regarding the re-
lationship between carcass chemical components 
(CCP, CF and CE) with BMIc, the R2 value ranged 
from 0.53 (RSD: 0.16) for CF to 0.64 (RSD: 0.10) 
for CCP. The regression equations between visceral 
composition and BMIc resulted in R2 values rang-
ing from 0.52 for VF (RSD: 0.09) to 0.96 for VCP 
(RSD: 0.05). The coefficient of determination for 
the equations that included BMIc and body chemi-
cal composition ranged from 0.59 (RSD: 0.05) for 
TBF to 0.97  (RSD: 0.15) for TBCP; all equations 
were fitted to a linear trend. Moreover, since the in-
tercepts of equations 4 and 7 were not significant, 
we fitted a linear regression through the origin. 

On the other hand, equations 1, 2, and 3, dev-
el-oped to predict lamb carcass composition (Ta-
ble 4), had R2 indicating moderate precision (> 0.53  
≤ 0.63), and the Cb > 0.95 suggesting high accuracy 
(Table 4). However, the CCC indicated a moderate 
reproducibility index (> 0.69 ≤ 77). The null hypoth-
esis for intercept = 0 and slope = 1 (Table 4) was ad-
opted for all equations. The CD ranged from 1.56 to 
1.79, indicating high variability in the predicted data  
 

Table 3. Regression equations for predicting body composition in Pelibuey lambs
Equation no. Equation n MSE RSD R2 P
1 CCP = −0.32 (± 0.12*) + 0.14 (0.01***) × BMIc 38     0.01   0.10 0.64 <0.0001
2 CF = −0.73 (± 0.17***) + 0.17 (± 0.03***) × BMIc 38     0.02   0.16 0.53 <0.0001
3 CE = −38.57 (± 9.14***) + 10.29 (± 1.34***) × BMIc 38   63.71   7.98 0.62 <0.0001
4 VCP = 0.03 (± 0.001***) × cBMI 38     0.002   0.05 0.96 <0.0007
5 VF = −0.44 (0.11***) + 0.10 (± 0.01***) × BMIc 38     0.009   0.09 0.52 <0.0001
6 VE = −16.55 (± 4.98**) + 4.81 (± 0.73***) × BMIc 38   18.91   4.34 0.55 <0.0001
7 TBCP = 0.14 (± 0.003***) × cBMI 38     0.02   0.15 0.97 <0.0001
8 TBF = −1.24 (± 0.27***) + 0.27 (± 0.03***) × BMIc 38     0.05   0.22 0.59 <0.0001
9 TBE = −55.11 (± 12.95***) + 15.10 (± 1.90***) × BMIc 38 127.91 11.31 0.64 <0.0001
CCP – carcass crude protein (kg), CF – carcass fat (kg); CE – carcass energy (kg), VCP – visceral crude protein (kg), VF – visceral fat (kg), 
VE – visceral energy (MJ), TBCP – total body crude protein (kg), TBF – total body fat (kg), TBE – total body energy (MJ), R2 – coefficient of 
determination, MSE – mean square error, RSD – residual standard deviation, P – P-value; *P < 0.05, ** P < 0.01, *** P < 0.001; 1 values in 
parentheses are SE of the estimated parameter, intercepts that did not differ from 0 were removed from the final equation

Table 1. Descriptive analysis of data recorded in Pelibuey lambs  
(n = 38)

Variable Mean ± SD CV Minimum Maximum
BMI   7.45 ± 1.07 14.36   5.23   9.40
BMIc   6.68 ± 0.98 14.67   4.46   8.56
CCP   0.64 ± 0.17 26.56   0.37   1.06
CF   0.38 ± 0.22 57.89   0.05   0.91
CE 30.52 ± 12.85 42.10 10.66 60.39
VCP   0.25 ± 0.06 24.00   0.15   0.39
VF   0.24 ± 0.13 54.16   0.03   0.62
VE 15.78 ± 6.04 38.27   4.79 29.88
TBCP   0.90 ± 0.22 24.44   0.51   1.45
TBF   0.63 ± 0.35 55.55   0.08   1.51
TBE 46.30 ± 18.62 40.21 15.45 88.57
BMI – body mass index (kg/m2), BMIc – body mass index corrected 
(kg/m2), CCP  – carcass crude protein (kg), CF  – carcass fat (kg),  
CE  – carcass energy (MJ), VCP  – visceral crude protein (kg),  
VF – visceral fat (kg), VE – visceral energy (MJ), TBCP – total body 
crude protein (kg), TBF – total body fat (kg), TBE – total body energy 
(MJ), SD – standard deviation, CV – coefficient of variation

Table 2. Correlation coefficients of body composition variables in  
Pelibuey lambs

BMI BMIc TBCP TBF TBE CCP CF CE VCP VF VE
BMI 1 0.97 0.79 0.75 0.79 0.80 0.71 0.78 0.53 0.70 0.73
BMIc 1 0.76 0.76 0.80 0.80 0.73 0.79 0.50 0.72 0.74
TBCP 1 0.80 0.89 0.96 0.78 0.85 0.81 0.78 0.88
TBF 1 0.98 0.86 0.98 0.98 0.51 0.93 0.90
TBE 1 0.92 0.96 0.98 0.62 0.92 0.93
CCP 1 0.84 0.91 0.68 0.82 0.85
CF 1 0.98 0.51 0.84 0.82
CE 1 0.57 0.87 0.85
VCP 1 0.51 0.68
VF 1 0.97
VE 1
BMI – body mass index (kg/m2), BMIc – body mass index corrected 
(kg/m2), TBCP  – total body crude protein (kg), TBF  – total body fat 
(kg), TBE  – total body energy (MJ), CCP  – carcass crude protein 
(kg), CF – carcass fat (kg), CE – carcass energy (MJ), VCP – visceral 
crude protein (kg), VF – visceral fat (kg), VE – visceral energy (MJ); 
1 correlations without a superscript indicate P < 0.001, with super-
scripts: **P < 0.01, *P < 0.05, ns – not significant
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(Table  4). The partition of MSEP (%  MSEP)  
indicated that the error was mostly (> 94%) associ-
ated with random error (Table 4). In equations 1, 2, 
and 3, RMSEP accounted for 16.80 to 40.40% of the 
observed carcass chemical composition.

Regarding the equations developed to predict 
visceral composition using BMIc as a  predictor, 
the null hypothesis for intercept = 0 and slope = 1  
(Table 4) was adopted for all equations. Equation 4 
presented the lowest precision (R2 = 0.24), moder-
ate accuracy (Cb  = 0.54) and low reproducibility 
index (CCC  = 0.23), while both equations 5  and 
6 showed moderate precision, high accuracy (Cb > 
0.94) and moderate correlation coefficient (CCC = 
0.69  and 0.71, respectively); the prediction effi-
ciency (MEF) for both equations was 0.54. The CD 
ranged from 1.56 to 1.94, indicating high variabil-
ity in the predicted data (Table 4). The partition of  
MSEP (% MSEP) indicated that the main error rate 
(> 64%) was associated with random error (Table 4).

Prediction equations using BMIc, null hy-
pothesis intercept = 0 and slope = 1 were used to  

assess body composition (Table 4). The results for 
equations 7, 8 and 9 presented moderate precision  
(R2 = 0.58, 0.59 and 0.64 respectively), high accura-
cy (Cb = 0.88, 0.89 and 0.95, respectively) and mod-
erate reproducibility index (CCC = 0.58, 0.59 and 
0.64, respectively); the CD ranged from 1.56  to 
2.54 for equations 9 and 7, respectively (Table 4). 
The partition of MSEP (% MSEP) indicated that the 
main error rate (> 90%) was associated with random 
error (Table  4). In equations 7, 8, and 9, RMSEP  
accounted for 16.70 to 36.40% of the observed body 
chemical composition.

Discussion
Various studies have shown that the body 

composition of sheep is an important factor in 
determining nutritional requirements because it 
is composed of water, protein, fat, and minerals 
(Costa et  al., 2014). These components vary in 
proportion, influenced, among others, by factors 
such as genotype, age, sex, growth rate, and nutrition 

Table 4. Mean and descriptive statistics of the accuracy and precision of equations for predicting body composition in Pelibuey lambs

Variable1 Eq. 1
[CCP] 

Eq. 2 
[CF]

Eq. 3
[CE]

Eq. 4
[VCP]

Eq. 5 
[VF] 

Eq. 6
[VE]

Eq. 7 
[TBCP]

Eq. 8
[TBF]

Eq. 9
[TBE] 

Mean   0.62   0.41 30.50   0.20 0.23 15.73   0.94   0.58 45.84
SD   0.14   0.17 10.16   0.03 0.10   4.75   0.14   0.25 14.92
Maximum   0.88   0.72   49.49   0.26 0.42 24.61   1.20   1.07 74.11
Minimum   0.30   0.03   7.34   0.13 0.01   4.91   0.62    0.14 12.26
R2   0.63   0.53   0.62   0.24 0.53   0.55   0.58   0.59    0.64
CCC   0.77   0.69   0.75   0.23 0.69   0.71   0.67   0.68   0.78
Cb   0.96   0.95   0.97   0.54 0.94   0.96   0.88   0.89   0.95
MEF   0.61   0.52   0.66   0.23 0.54   0.54   0.54   0.55   0.64
CD   1.56 1.78   1.59   1.56 1.94   1.82   2.54   1.93   1.56
Regression analysis
Intercept (β0)

estimate   0.02 −0.02   0.03   0.06 0.04   0.03 −0.27   0.01   0.05
SE   0.08   0.07   4.20   0.06 0.04   2.50   0.17   0.10   6.13
P-value (β0 = 0)   0.83   0.82   0.99   0.28 0.91   0.99   0.12   0.95   0.99

Slope (β1)
estimate   1.01   0.98   0.99   0.96 1.03   1.00   1.25   1.08   1.00
SE   0.13   0.16   0.13   0.28 0.16   0.15   0.18   0.16   0.13
P-value (β1 = 1)   0.92   0.92   0.99   0.89 0.85   0.99   0.17   0.59   0.99

MSEP source, % 
MSEP

mean bias   5.60   2.03   0.01 53.59 0.60   0.01   4.19   5.76   0.02
systematic bias   0.08   0.03   0.00   0.03 0.46   0.00   5.07   0.81   0.00
random error 94.37 97.94 99.99 64.85 98.93 99.99 90.74 93.43 99.98

Root MSEP
estimate   0.11   0.16   7.76   0.08 0.09   4.23   0.15   0.24 11.00
% of the mean 16.80 40.40 25.43 29.76 41.52 26.80 16.70 36.40 23.75

1  observed evaluation data set; CCC  – concordance correlation coefficient, R2  – coefficient of determination, Cb  – bias correction factor,  
MEF  – modelling efficiency, CD  – coefficient of model determination, SE  – standard error, MSEP  – mean square error of the prediction,  
Eq – equation, CCP – carcass crude protein, CF – carcass fat, CE – carcass energy, VCP – visceral crude protein, VF – visceral fat, VE – visceral 
energy, TBCP – total body crude protein, TBF – total body fat, TBE – total body energy
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(Morales-Martínez et al., 2020). In adult hair sheep, 
the accumulation patterns of fat tissue are less 
affected by genetic factors and maturity (Anderson 
et al., 2016). On the contrary, in growing lambs, the 
maturity of an individual determines the proportions 
of different tissues (muscle, fat, and bone) that make 
up the body (Carrasco et  al., 2009). The present 
study found that at 56 days of age, hair lambs had 
a lower proportion of fat tissue compared to muscle 
tissue, which was present in higher quantity. These 
results were consistent with the growth stage of the 
lambs during the evaluation.

However, it is worth noting that even when fat 
tissue was present in a lower proportion, it was the 
most variable tissue in the body of those animals. 
Recently, Salazar-Cuytún et  al. (2020b) showed 
56% variation for the same component in the body 
of adult sheep, and the variation in the present study 
was 55% in lambs. Despite the high variation in 
lamb body fat, the model obtained for this body 
component was able to predict tissue with moderate 
precision and high accuracy. In this context, several 
authors attributed this variation to factors such as 
growth and individual variation; therefore, it is of 
great importance to determine and control fat depo-
sitions during the growth stage (Morales-Martínez 
et  al., 2020). As various factors can contribute to 
such variation in body tissues, it is recommended 
that the mathematical models obtained for animals 
in a  certain physiological condition, or of similar 
ages and weights, should not be used in a generalised 
way, as they may generate inaccurate estimates. The 
percentage of particular body tissues can vary con-
siderably between individuals (Loya-Olguin et  al., 
2019). Considering the known studies that involve 
BMI as a predictor of body chemical composition in 
lambs in the tropics, the equations generated were 
more appropriate, because they provided informa-
tion on the age and weights of hair lambs, even if 
they tended to overestimate said components. 

In the present study, the lambs were slaughtered 
on the day of weaning, thus the effect of sex on their 
growth was not considered, because male growth 
significantly exceeds the females’ only at the post-
weaning stage. It is at this stage when the growth is 
observed to a greater or lesser extent in all tissue com-
ponents, generally being the largest in adipose tissue 
(Lauces et al., 2007; Macedo and Arredondo, 2008).

The body chemical composition of the lambs 
was assessed and it was found that the models gen-
erated at this stage described the body components 
(fat and protein) better than the models generated 
for adult sheep. The value of the protein compo-

nent in lambs ranged from 0.51 to 0.57 compared to 
0.25–0.32 in mature sheep, and for the fat compo-
nent, the values ranged from 0.50 to 0.59 compared 
to 0.61–0.66 in adult sheep using BMI, respectively. 
The models obtained in the present study showed 
higher precision than those obtained in adult ewes 
(Salazar-Cuytún et  al. 2020b). Due to their higher 
prediction efficiency, except for the fat component 
(carcass fat, visceral fat, and total fat), the models 
better explained the protein component in lambs. 
This could be due to the fact that dynamics of tis-
sue formation in recently weaned lambs was differ-
ent compared to adult ewes. In lambs, the protein 
and fat show differences because lamb body shape 
is constantly changing, especially before reaching 
maturity (Moro et al., 2019), and energy is used for 
priority tissue synthesis, i.e. protein and bone rather 
than fat (Maeno et  al., 2013). Therefore, a  higher 
proportion of protein and very little fat was observed 
at this stage (Lauces et al., 2007). 

On the contrary, the fat component showed a bet-
ter fit in ewes, with R2 values of 0.62  to 0.67 with 
BMIc and 0.50 to 0.51 in lambs. This could be due 
to the fact that lambs at growing stage (Moro et al., 
2019). Although sheep’s body tissues have an iden-
tical growth rate, muscles and bones mature early, 
while fat is a late-maturing tissue, with subcutaneous 
and pelvic-renal fat being the ones that develop the 
latest and at a higher rate (Lauces et al., 2007). In ad-
dition, the Pelibuey breed is characterised by late mat-
uration compared with other hair sheep breeds such 
as Dorper or Katahdin (Macías-Cruz et al., 2010). In 
general, the statistical indices of model evaluation in 
the current study had better values for growing lambs 
and showed less variability when estimating the body 
chemical composition compared to the models evalu-
ated in ewes (Salazar-Cuytún et al., 2020b).

Various models have been used to predict body 
composition to improve precision in estimating 
body components, with more emphasis in predict-
ing body fat deposits such as carcass fat and internal 
fat in beef and sheep (Ribeiro and Tedeschi, 2012; 
Morales-Martínez et al., 2020). Khojastehkey et al. 
(2016), assessed body size of new-born lambs and 
body measurements (length and height) and re-
ported a  correlation between measured body size 
and estimated size equal to r = 0.48 (P < 0.01). In 
the present study, body mass index could be used 
as an indicator of lamb body chemical components  
(R2 = 0.51 to 0.63), and because of this association, 
the body chemical composition can be estimated 
using measurements such as weight, length, and 
height of the body. 
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The proposed index (BMI) has recently been ap-
plied in hair sheep (Salazar-Cuytún et al., 2020a; b) 
and includes measures related to body size and mass 
to associate the body chemical composition with the 
amount of body fat. Similar trends in the prediction 
equations were found only in adult sheep (no-preg-
nant and non-lactating, aged 2  to 4 years) between 
BMI and body chemical components, ranging from 
0.37 to 0.97 compared to those obtained in the pres-
ent study 0.52–0.97 (Salazar-Cuytún et al., 2020b).

In lambs, the relationship between the chemi-
cal components of the carcass, (protein, fat and en-
ergy), with BMIc presented a low range of associa-
tion; the variation ranged from 0.64 (RSD = 0.10), 
0.53 (RSD = 0.16) to 0.62 (RSD = 7.98) and was low-
er in lambs compared to adult sheep: 0.97 (RSD = 
0.37), 0.67 (RSD = 1.65) and 0.66 (RSD = 65.67), 
respectively. However, although the range is lower 
in lambs than in adult ewes, it should be noted that 
the equations presented less variation and, therefore, 
better described the relationship between carcass 
chemical components and BMI in lambs. This may 
indicate that 56-day-old lambs show less variation 
in their body tissues.

Ehrhardt et al. (2003) reported the same amount 
of fatty tissue in pre-ruminant lambs when evalu-
ating two different feeding plans (high and low), 
as well as different weight (15 kg and 20 kg) and 
age (38 vs 115 days) at slaughter. It was found that 
the feeding factor did not influence the accumula-
tion patterns of fat tissue at this stage of growth. In 
contrast, the current study found different amounts 
of fat tissue at 56-day-old weaned lambs. With such 
different results, we can confirm that fat tissue is the 
most complex to measure, and it can show differ-
ent accumulation patterns even at the same growth 
stage. Moreover, energy intake, as in adults, is not 
the only factor that influences the accumulation 
patterns of body tissues. Therefore, an increase in 
weight or size in the growth stage does not neces-
sarily mean an increase in the proportion of body fat 
(Costa-Silva et al., 2019).

Strengths and limitations of the study. One of 
the strengths of the present study is the possibility to 
predict in vivo body chemical composition of lambs. 
In addition, an evaluation of the prediction models 
(comparison of predicted results with the actual 
measurements of the body chemical composition) is 
also presented; therefore, the precision and accuracy 
of the predictions obtained each model prediction 
were useful for determination of the better models.

In general, although the precision and accuracy 
of the models were moderate to high, this informa-

tion would undoubtedly contribute to generating 
new information on prediction methods for livestock 
assessment using BMI. This is the first step towards 
predicting body chemical composition in growing 
lambs, because the existing information on the use 
of BMI as a  predictor of chemical components in 
hair sheep is limited, the obtained models allowed 
us to make valid conclusions about the body chemi-
cal composition in hair sheep. In addition, it should 
be noted that the evaluation of body chemical com-
position in growing animals is complex because 
their tissue proportions are constantly changing, and 
therefore, the results of the current study are only 
applicable in the weight ranges evaluated.

Overall, BMI as a measure of body composition 
has been validated with greater precision in adult in-
dividuals. Since both lean mass and fat mass are high-
ly correlated with BMI, thus it can act as an indicator 
for both of these parameters (Wells, 2001). However, 
this index has limitations in young individuals be-
cause lean mass and fat mass are still developing; 
however, body size can be estimated in growing indi-
viduals based on body measurements such as length 
and height (Khojastehkey et al., 2016). For this pur-
pose, it is necessary to evaluate the usefulness of BMI 
in young animals in order to make more appropriate 
comparisons (Pearce et  al., 2009; Salazar-Cuytún 
et al., 2020b). Moreover, further studies are required 
for other breeds of hair sheep in different physiologi-
cal states, as well as under other management condi-
tions, to validate the present results.

Conclusions
BMIc shows a good relationship with body 

chemical components and can therefore be used to 
predict body chemical composition in 56-day-old 
hair lambs, within the weight range used under the 
experimental conditions of the current study.

Conflict of interest
The Authors declare that there is not conflict of 

interest.

Acknowledgments
The authors want to thank Dr. Jose Manuel Piña 

Gutiérrez who provided the facilities of Rancho “El 
Rodeo”. The study was co-funded by the research 
grant under the Programa de Fomento a  la Inves-
tigación, as part of the project “Eficiencia energé-
tica madre/cría en ovinos de pelo” We also thank 



290	 Hair lamb body composition and body mass index

CONACYT-MEXICO for granting a scholarship to 
Salazar-Cuytún E. R. to pursue his doctoral studies 
at the Universidad Autonoma de Yucatán, Mexico.

References 	
Anderson F., Williams A., Pannier L., Pethick D.W., Gardner G.E., 

2016. Sire carcass breeding values affect body composition 
in lambs-2. Effects on fat and bone weight and their distribu-
tion within the carscass as measured by computed tomog-
raphy. Meat. Sci. 116, 243–252, https://doi.org/10.1016/j.
meatsci.2016.02.013

AOAC, 1990. Official Methods of Analysis, Association of Official Ana-
lytical Chemists. 15th Edition. Arlington, VA (USA)

ARC (Agricultural Research Council), 1980. The Nutrient Require-
ments of Ruminant Livestock. The Gresham Press. London 
(UK)

Carrasco S., Ripoll G., Panea B., Álvarez-Rodríguez J., Joy M., 
2009. Carcass tissue composition in light lambs: influence 
of feeding system and prediction equations. Livest. Sci. 126,  
112–121, https://doi.org/10.1016/j.livsci.2009.06.006

Chavarría-Aguilar L.M., García-Herrera R.A., Salazar-Cuytún R., 
Chay-Canul A.J., Casanova-Lugo F., Piñeiro-Vázquez A.T., 
Aguilar-Caballero A.J., 2016. Relationship between body 
fat depots and body mass index in Pelibuey. Small Rumin. 
Res. 141, 124–126, https://doi.org/10.1016/j.smallrum-
res.2016.07.014	

Cochran W.G., Cox G.M., 1957. Experimental Design. 2nd Edition. 
John Wiley and Sons. New York, NY (USA)	

Costa M.R.G.F., Pereira E.S., Pinto A.P., Silva A.M.A., Medeiros A.N., 
Mizubuti I.Y., Ribeiro E.I.A., Campos A.C.N., Gadelha C.R.F., 
Oliveira R.I., 2014. Prediction of body chemival composition of 
Morada Nova ram lambs using the composition of ribs section 
between 9th and 11th. Semin. Cienc. Agrar. 35, 2019–2032, 
https://doi.org/10.5433/1679-0359.2014v35n4p2019

Costa Moreira O., Alonso-Aubin D.A., Patrocinio de Oliveira C.E., 
Candia-Luján R., de Paz J., 2015. Methods of assessment of 
body composition: an updated review of description, applica-
tion, advantages and disadvantages (in Spanish). Arch. Med. 
Deporte. 32, 387–394	

Costa e Silva L.F., de Campos Valadares Filho S., Del Bianco 
Benedeti P., Detmann E., Baiao Menezes A.C., Eder Silva 
T., de Sales Silva F.A., 2019. Development of an equation 
to predict net protein requirements for the growth of Zebu 
beef cattle. Animal 14, 963–972, https://doi.org/10.1017/
S1751731119002684

Fonseca M.A., Tedeschi L.O., Valadares Filho S.C., De Paula N.F., 
Silva L.D., Sathler D.F.T., 2017. Evaluation of equations 
to estimate body composition in beef cattle using live, lin-
ear and standing-rib cut measurements. Anim. Prod. Sci. 57,  
378–390, https://doi.org/10.1071/AN15312

Ehrhardt R.A., Greenwood O.L., Bell A.W., Boisclair Y.R., 2003. 
Plasma leptin is regulated predominantly by nutri-
tion in preruminant lambs. J. Nutr. 133, 4196–4201,  
https://doi.org/10.1093/jn/133.12.4196

Herath H.M.G.P., Pain S.J., Kenyon P.R., Blair H.T., Morel P.C.H., 
2020. Effect of dietary protein to energy ratio of milk re-
placer on growth and body composition of pre-weaned 
lambs reared artificially. Anim. Feed. Sci. Tech. 264, 114478,  
https://doi.org/10.1016/j.anifeedsci.2020.114478

Khojastehkey M., Aslaminejad A.A., Shariati M.M., Dianat R., 
2016. Body size estimation of newborn lambs using image 
processing and its effect on the genetic gain of a simu-
lated population. Appl. Anim. Behav. Sci. 44, 326–330,  
https://doi.org/10.1080/09712119.2015.1031789

Lin K., 1989. A concordance correlation coefficient to evalu-
ate reproducibility. Biometrics 45, 255–268, https://doi.
org/10.2307/2532051

Loauge K., Green R.E., 1991. Statistical and graphical meth-
ods for evaluating solute transport models: over-
view and application. J. Contam. Hydrol. 7, 51–73,  
https://doi.org/10.1016/0169-7722(91)90038-3	

Loya-Olguin J.L., Ávila Ramos F., Martínez Gonzalez S., García Galicia 
I.A., Alarcón Rojo A.D., Escalera Valente F., 2019. DL-malic 
acid supplementation improves the carcass characteristics of 
finishing Pelibuey lambs (in Spanish). Rev. Mex. Cienc. Pec. 
10, 460–472, https://doi.org/10.22319/rmcp.v10i2.4454

Luaces M.L., Calvo C., Fernández B., Fernández A., Viana J.L., 
Sánchez L., 2007. Tissues allometric coefficients in 
galician breed lamb (in Spanish). Inf. Tec. Econ. Agrar. 
103, 72–83, https://citarea.cita-aragon.es/citarea/bitstream/ 
10532/1219/1/10532-1072_2.pdf

Macedo R., Arredondo V., 2008. Effect of sex, type of birth and lacta-
tion on growth of Pelibuey sheep under intensive manage-
ment (in Spanish). Arch. Zootec. 57, 219–228, http//www.
redalyc.org/articulo.oa?id=49515018014

Macías-Cruz U., Álvarez-Valenzuela F.D., Rodríguez-García J., Correa-
Calderón A., Torrentera-Olivera N.G., Molina-Ramírez L., 
Avendaño-Reyes L., 2010. Growth and carcass traits in pure 
Pelibuey lambs and crosses F1 with Dorper and Katahdin 
breeds in confinement (in Spanish). Arch. Med. Vet. 42,  
147–154, https://doi.org/10.4067/S0301-732X2010000300005

Maeno H., Oishi K., Hirooka H., 2013. Interspecies differences 
in the empty body chemical composition of domestic 
animals. Animal 7, 1148–1157, https://doi.org/10.1017/
S1751731113000220	

Mayer D.G., Butler D.G., 1993. Statistical validation. Ecol. Model. 68, 
21–32, https://doi.org/10.1016/0304-3800(93)90105-2	

Morales-Martínez M.A., Arce-Recinos C., Mendoza-Taco M.M., Luna-
Palomera C., Ramirez-Bautista M.A., Piñeiro Vazquez A.T., 
Vicente-Perez R., Tedeschi L.O., Chay-Canul A.J., 2020. 
Developing equations for predicting internal body fat in Pelibuey 
sheep using ultrasound measurements. Small Rum. Res. 183,  
https://doi.org/10.1016/j.smallrumres.2019.106031

Moro A.B., Pires C.C., da Silva L.P., Dias A.M.O., Simoes R.R., Pilecco 
V.M., de Mello R., de Aguilar L.K., 2019. Prediction of lamb 
body composition using in vivo bioimpedance analysis. Meat 
Sci. 150, 1–6, https://doi.org/10.1016/j.meatsci.2018.09.013

Pearce K.L., Ferguson M., Gardner G., Smith N., Greef J., 
Pethink D.W., 2009. Dual X-ray absorptiometry accurately 
predicts carcass composition from live sheep and chemical 
composition of live and dead sheep. Meat. Sci. 81, 285–293,  
https://doi.org/10.1016/j.meatsci.2008.08.004	

Ribeiro F.R.B., Tedeschi L.O., 2012. Using real-time ultrasound and 
carcass measurements to estimate total internal fat in beef 
cattle over different breed types and managements. J. Anim. 
Sci. 90, 3259–3265, https://doi.org/10.2527/jas.2011-4697

Salazar-Cuytún E.R., Chay-Canul A.J., Ptáček M., García- 
Herrera R.A., Rivera-Alegría F. de M., Aguilar-Caballero A.J., 
Sarmiento-Franco L.A., 2020a. Relationship between body 
mass index and body condition score in Pelibuey ewes. 
Ecosist. Recur. Agropec. 7, e2474, https://doi.org/10.19136/
era.a7n2.2474

https://doi.org/10.1016/j.meatsci.2016.02.013
https://doi.org/10.1016/j.meatsci.2016.02.013
https://doi.org/10.1016/j.livsci.2009.06.006
https://doi.org/10.1016/j.smallrumres.2016.07.014
https://doi.org/10.1016/j.smallrumres.2016.07.014
https://doi.org/10.5433/1679-0359.2014v35n4p2019
https://doi.org/10.1017/S1751731119002684
https://doi.org/10.1017/S1751731119002684
https://doi.org/10.1071/AN15312
https://doi.org/10.1093/jn/133.12.4196
https://doi.org/10.1016/j.anifeedsci.2020.114478
https://doi.org/10.1080/09712119.2015.1031789
https://doi.org/10.2307/2532051
https://doi.org/10.2307/2532051
https://doi.org/10.1016/0169-7722(91)90038-3
https://doi.org/10.22319/rmcp.v10i2.4454
www.redalyc.org/articulo.oa
www.redalyc.org/articulo.oa
https://doi.org/10.4067/S0301-732X2010000300005
https://doi.org/10.1017/S1751731113000220
https://doi.org/10.1017/S1751731113000220
https://doi.org/10.1016/0304-3800(93)90105-2
https://doi.org/10.1016/j.smallrumres.2019.106031
https://doi.org/10.1016/j.meatsci.2018.09.013
https://doi.org/10.1016/j.meatsci.2008.08.004
https://doi.org/10.2527/jas.2011-4697
https://doi.org/10.19136/era.a7n2.2474
https://doi.org/10.19136/era.a7n2.2474


E.R. Salazar-Cuytun et al.	 291

Tedeschi L.O., 2006. Assessment of the adequacy of mathematical 
models. Agric. Sys. 89, 225–247, https://doi.org/10.1016/j.
agsy.2005.11.004

Wells J.C.K., 2001. A critique of the expression of paediatric body 
composition data. Arch. Dis. Child. 85, 67–72, http://doi.
org/10.1136/adc.85.1.67

Salazar-Cuytún E.R., Sarmiento-Franco L.A., Aguilar-Caballero A.J., 
Fonseca M.A., Tedeschi L.O., 2020b. Body mass index and 
body chemical components in Pelibuey ewes. Ecosist. Recur. 
Agropec. 7, e2515, https://doi.org/10.19136/era.a7n2.2515

SAS, 2002. SAS Statistical Software, version 9.00. SAS Institute Inc., 
Cary, NC (USA)

https://doi.org/10.1016/j.agsy.2005.11.004
https://doi.org/10.1016/j.agsy.2005.11.004
http://doi.org/10.1136/adc.85.1.67
http://doi.org/10.1136/adc.85.1.67
https://doi.org/10.19136/era.a7n2.2515

	_GoBack
	_Hlk105426369
	_Hlk57124007
	_Hlk59053401
	_Hlk57124052
	_Hlk105438555

