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ABSTRACT

The aim of this study was to describe the early growth of Pelibuey lambs raised under an intensive 
production system in Colima, Mexico, using non-linear models. Weight data were collected from 
433 lambs every 30 days from birth to 180 days of age, and growth curves were estimated using 
non-linear and linear models. According to goodness of fit criteria, the Linear, Gompertz, Logistic 
and Von Bertalanffy models are suitable and show a reasonable fit for describing Pelibuey lamb’s 
growth, the Brody and Richards curves did not meet the convergence criterion. The parameter A 
denotes asymptotic weight; weight was higher in multiple born males and quadruplet born females 
in the Von Bertalanffy and Gompertz models, while it was also higher in males in the Logistic model. 
The parameter k represents maturation rate and indicates the growth speed in reaching asymptotic 
weight, being higher in single and twin females, and single males in all the non-linear models. From 
birth up to 90 days of age (weaning), weight of single lambs becomes greater than that of multiple 
born lambs, but from 90 days of age, weight of multiple born lambs tends to equal that of singles, 
which happens at 180 days of age. The early growth of Pelibuey lambs can be described with similar 
precision using linear and non-linear models.
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INTRODUCTION

Pelibuey is one of the most important breeds 
of sheep in Mexico. It is characterized by its 
high adaptability to all agro-ecological regions, 
showing high fertility, prolificity rates and lack of 
seasonality (Macedo and Alvarado, 2005; Macedo 
and Arredondo, 2008; Hernández Montiel et 
al., 2020). In fact, under intensive fattening 
conditions, Pelibuey lambs show an outstanding 
productive performance (Macedo et al., 2009; 
Resendiz et al., 2013).

Along with other hair breeds, Pelibuey breed 
is mainly exploited in extensive and subsistence 
production systems characterized by a low 
productive and economic efficiency (Hernández-
Bautista et al., 2017; Martínez-Peña et al., 2018; 
Vázquez-Martínez et al., 2018). This low efficiency 
is to a large extent a consequence of the low 
productive potential of sheep, and therefore it 
is important to implement genetic improvement 
programs based on the evaluation of the 
productive performance of lambs (González-
Vázquez et al., 2015).

Selection programs aiming at improving 
productive parameters, such as growth rate, body 
weight and other important commercial features, 
such as precocity and carcass quality, have been 
carried out using growth functions as selection 
criteria (Lupi et al., 2015; Waheed et al., 2016; 
Hojjati and Hossein-Zadeh, 2018). Growth is best 
described by the sigmoidal relationship between 
age and body weight (Lupi et al., 2015). In this 
sense, the most widely used methods to describe 
weight are the Brody, Gompertz and Logistic 
models (Waheed et al., 2016; Hojjati and Hossein-
Zadeh, 2018; Hossein-Zadeh and Golshani, 2016) 
since they provide a set of mathematical and 
biological parameters that are used to fit growth 
curves, describe growth pattern over time, and 
estimate the expected weight of the animal at 
specific ages.
Biological growth is defined as the weight gain 

of an animal until it reaches adulthood, whereas 
commercial growth is the weight gain during the 
period comprised between birth and slaughter 
(Lupi et al., 2015). Analysis of growth curves and 
parameters through biological and commercial 
life span is helpful to improve feeding strategies, 
select the best replacement lambs, and establish 
the best age for matting and slaughtering (Lupi et 
al., 2015; Waheed et al., 2016; Hojjati and Hossein-
Zadeh, 2018; Hossein-Zadeh and Golshani, 
2016). Therefore, the objective of this study was 
to describe the early growth of Pelibuey lambs 
raised under an intensive production system in 
Colima, Mexico, using non-linear models.

MATERIALS AND METHODS

Records of 433 Pelibuey lambs were analyzed. 
The lambs were from a highly prolific purebred 
flock, and raised under intensive conditions at 
the Agricultural and Forestry Training Center 
(CECAF), located in Tecomán, Colima, Mexico 
(18°58’43’’ N; 103°52’18’’ W).
From birth to weaning (80 days), feeding 

consisted of maternal milk plus a commercial 
creep-feeding containing dry matter 880 g kg-1, 
crude protein 170 g kg-1, ether extract 30 g kg-1, 
crude fiber 25 g kg-1, nitrogen-free extract 585 g 
kg-1, ash 70 g kg-1, whose daily consumption was 
estimated at 100 g. After weaning, the lambs 
were divided by sex and body weight and fed ad 
libitum with a concentrate containing dry matter 
893 g kg-1, crude protein 189 g kg-1, nitrogen-free 
extract 201 g kg-1, and metabolizable energy 2.92 
Mcal kg DM-1.
At birth, each lamb was identified, and weight, 

sex and litter size were recorded. Subsequently, 
weight was recorded at 30, 60, 90, 120, 150 
and 180 days of age and growth curves were 
estimated in general, and then considering the 
effect of sex and litter size. The following non-
linear regression models were used: Brody: yi 
= A*(1-B*exp(-k*t))+ei;  Gompertz: yi = A*exp(-
B*exp(-k*t))+ei; Logistic: yi = A/(1+B*exp(-k*t))+ei; 
Richards: yi = A/((1+k*exp(–B*t ))**(1/m))+ei; and 
Von Bertalanffy: yi = A*(1−B*exp(−k*t ))**3+ei, 
where: yi = weight in kg at age t; A = asymptotic 
weight; B = integration constant; k = maturation 
rate, m = shape of the growth curve, and e = 
error. To select the best curve, the following 
criteria were considered: the highest value of 
the coefficient of determination pseudo R2, the 
lowest value of the Akaike information criterion 
(AIC), the lowest value of the mean squared error 
(MSE) and the smallest number of interactions 
(NI) needed to converge and reach the final value 
of the parameters. For comparative purposes, a 
linear regression was fitted to obtain a prediction 
equation of body weight.

Animal handling complied with national 
standards NOM-062-ZOO-1999 and NOM-051-
ZOO-1995 (SENASICA, 2019). Statistical analysis 
was performed with the statistical software SPSS 
v. 15.0.

RESULTS AND DISCUSSION

According to goodness of fit criteria, the 
Gompertz, Logistic and Von Bertalanffy 
models are suitable and show a reasonable fit 
for describing Pelibuey lamb’s growth (Table 
1); however, the Brody and Richards curves 
did not meet the convergence criterion after 
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100 interactions, and thus parameters are not 
shown. Linear regression analysis produced the 
prediction equation yi = 2.102 + 0.198(t), which 
showed goodness of fit criteria like those of non-
linear equations (R2 = 0.87; AIC = 6936.30; MSE = 
17.79). 
Lupi et al. (2015) found that the growth of 

Segureña lambs was better described by the Von 
Bertalanffy and Logistic models, while Simanca 
et al. (2016) reported that the Von Bertalanffy 
model presented the best fit to describe the 
growth of Sant Inés x Criollo sheep. Other authors 
concluded that the Gompertz model was the one 
that best described the growth of Thalli, Rahmani 
and Morada Nova sheep breeds (Waheed et al., 
2016; Rashad et al., 2017; Paro de Paz et al., 2018). 
In addition, studies conducted by Hojjati and 
Hossein-Zadeh (2018), Ali et al. (2020), Bangar et 
al. (2018), Mohammadi et al. (2019), and Hossein-
Zadeh and Golshani (2016) found that the Brody 
and Richards models were the best non-linear 
functions to describe the growth of Deccani, 
Mehraban, Kordi, Kajli and Iranian Guilan sheep, 
respectively. However, these models did not 
show convergence in the present study.  
As previously reported by Hossein-Zadeh and 

Golshani (2016), Paro de Paz et al. (2018) and Ali 
et al. (2020), the Von Bertalanffy model showed 
the highest value for the parameter A (asymptotic 
weight), and the lowest value for the parameter k 
(maturation rate), indicating the growth speed to 
reach asymptotic weight. Conversely, the Logistic 
model showed the lowest value for the parameter 
A and the highest value for parameter k (Table 2).

Fig. 1 shows that early growth of lambs has 
a linear trend and similarity in the fit of all the 
models used. The growth curves generated by 

the Gompertz and Von Bertalanffy models tend 
to overestimate body weight from the start to 
the middle of the evaluated period, while those 
of the Logistic and Linear models keep a greater 
correspondence with the observed weights.
For the Von Bertalanffy and Gompertz models, 

the parameter A was higher in multiple born 
males and quadruplet born females, while it was 
higher in males in the Logistic model. For all the 
non-linear models, the parameter k was higher 
in single and twin females, and single males 
(Table 3). These results coincide with those of 
Ali et al. (2020) who found that the parameter A 
was higher in male than in female lambs, and in 
triplet and twin rather than single lambs. They 
also reported that the parameter k was higher in 
females, and in single males.

Growth curves from all non-linear models 
show that from birth up to 90 days of age 
(weaning), weight of single lambs becomes 
greater than that of multiple born lambs (Fig. 
2). Until weaning, the amount of milk available 
during lactation explains the difference in growth 
between single and multiple-born lambs (Mellado 
et al., 2016). Doney et al. (1984) indicated that 
70% of the difference in weight gain from 3 to 12 
weeks can be attributed to milk intake. From 90 
days of age, weight of multiple born lambs tends 
to equal that of singles, which occurs at 180 days 
of age as previously observed by Macedo and 
Arredondo (2008). In the case of females, weight 
shows the same trend as that of males. However, 
at six months of age, weight of single females 
continues to be greater than that of multiple born 
females. Some authors have described that lambs 
that suffered a nutritional restriction during 
lactation - in this study by competition - show 

Table 1. Goodness of fit criteria of the Gompertz, Logistic and Von Bertlanffy models.

Model                           Pseudo R2                 AIC                     MSE                NI
Gompertz	 0.87	 6942.00	 17.83	 7
Logistic	 0.87	 7008.90	 18.33	 8
Von Bertalanffy	 0.87	 6925.00	 17.70	 6

AIC: Akaike information criterion; MSE: Mean squared error; NI: Number of interactions.

Table 2. 	Estimated parameters of the Gompertz, Logistic and Von Bertlanffy models for Pelibuey 
lambs.

Model	           A	           B	           k
Gompertz	 58.512 ± 1.807	 1.036 ± 0.010	 0.011 ± 0.000
Logistic	 45.125 ± 0.715	 2.272 ± 0.025	 0.022 ± 0.000
Von Bertalanffy	 74.047 ± 3.544	 0.649 ± 0.004	 0.007 ± 0.000
A: predicted asymptotic weight at maturity (kg); B: Integration constant to which initial 
weight is related or animal maturation rate at birth (kg); k: Maturation rate.
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Fig. 1. 	Observed and predicted body weights (kg) as a function of age obtained with the Gompertz, 
Logistic, Von Bertalanffy and Linear models for all lambs.
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Table 3. 	Estimated parameters of the Von Bertalanffy, Gompertz and Logistic models for Pelibuey 
lambs according to litter size and sex.

Model	 Litter size/sex	       A ± se	       B ± se	      k ± se
Von Bertalanffy	 Single female	 46.256 ± 4.534	 0.569 ± 0.028	 0.012 ± 0.002
	 Twin female	 52.070 ± 3.088	 0.605 ± 0.009	 0.009 ± 0.001
	 Triplet female	 64.045 ± 5.254	 0.643 ± 0.008	 0.007 ± 0.001
	 Quadruplet female	 91.116 ± 26.894	 0.705 ± 0.020	 0.005 ± 0.001
	 Single male	 57.795 ± 9.582	 0.596 ± 0.036	 0.010 ± 0.002
	 Twin male	 87.249 ± 7.303	 0.648 ± 0.008	 0.007 ± 0.001
	 Triplet male	 100.363 ± 11.004	 0.681 ± 0.008	 0.006 ± 0.001
	 Quadruplet male	 113.887 ± 26.168	 0.714 ± 0.015	 0.005 ± 0.001
Gompertz	 Single female	 42.846 ± 3.302	 0.859 ± 0.071	 0.015 ± 0.002
	 Twin female	 45.469 ± 1.939	 0.939 ± 0.024	 0.013 ± 0.001
	 Triplet female	 51.172 ± 2.746	 1.020 ± 0.018	 0.011 ± 0.001
	 Quadruplet female	 59.668 ± 9.638	 1.149 ± 0.037	 0.009 ± 0.001
	 Single male	 52.039 ± 6.438	 0.923 ± 0.094	 0.014 ± 0.003
	 Twin male	 69.067 ± 3.755	 1.032 ± 0.018	 0.010 ± 0.001
	 Triplet male	 72.335 ± 4.741	 1.102 ± 0.017	 0.010 ± 0.001
	 Quadruplet male	 75.355 ± 9.527	 1.177 ± 0.030	 0.009 ± 0.001
Logistic	 Single female	 38.678 ± 2.049	 1.916 ± 0.147	 0.027 ± 0.003
	 Twin female	 38.499 ± 0.966	 2.079 ± 0.053	 0.024 ± 0.001
	 Triplet female	 39.795 ± 1.116	 2.237 ± 0.045	 0.022 ± 0.001
	 Quadruplet female	 40.061 ± 2.803	 2.505 ± 0.091	 0.022 ± 0.002
	 Single male	 45.571 ± 3.510	 2.052 ± 0.207	 0.025 ± 0.004
	 Twin male	 53.342 ± 1.510	 2.263 ± 0.046	 0.022 ± 0.001
	 Triplet male	 51.879 ± 1.632	 2.405 ± 0.043	 0.022 ± 0.001
	 Quadruplet male	 51.117 ± 2.809	 2.588 ± 0.081	 0.022 ± 0.001

A: Predicted asymptotic weight at maturity (kg); B: Integration constant to which initial weight is related or animal 
maturation rate at birth (kg); k: Maturation rate.
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compensatory growth once they are weaned and 
fed with concentrated feed (Cui et al., 2018; Santos 
et al., 2018). However, the results of the present 
study indicate that creep-fed does not completely 
compensate for the deficiency of maternal milk 
suffered during lactation in multiple born lambs. 
In addition, weight increases with age at a higher 
rate in males than females, which according to 
Hafez et al. (2000) is mainly explained by the 
production of testosterone that acts as an anabolic 
hormone.

It is important to note that if the trend of the 
non-linear growth curves continues, body weight 
of multiple born lambs would exceed that of the 
single lambs. However, this never occurs because 
single lambs reach a higher weight at maturity 
than twin, triplet and quadruple born lambs. 
Conversely, the linear model shows that the 

difference in weight gain between singles, twins, 
triplet and quadruplet born lambs increases with 
age. Likewise, the linear model demonstrates that 
the difference in weight of females is definitely 
influenced by litter size since it can be observed 
that weight of single females is similar to that of 
triplet- and quadruplet born males at 180 days of 
age.

The results of the present study show that, 
despite the lower birth weight and pre-weaning 
growth rate of multiple born lambs, particularly 
triplets and quadruplets, intensive management 
of a prolific breed such as the Pelibuey allows for 
a significant increase in meat production and the 
number of replacement ewes in a similar period, 
improving profitability of the production units.

Daily weight gain is commonly used as a 
productive parameter based on the assumption 

Fig. 2. 	Predicted body weights (kg) as a function of age (days) obtained with the Linear, Von 
Bertalanffy, Gompertz and Logistic models for Pelibuey lambs.
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that growth in the first productive stages is linear. 
However, this constitutes a methodological error 
as it is based on arithmetic rather than statistical 
calculations. The use of mathematical modeling 
should be promoted, like the use a simple linear 
regression, which provides estimated values, 
means and residuals, as well as R2 and P values. 
Non-linear models, like complete sigmoid 
growth curves, can fit very well to early (linear) 
growth stages in which the animal reaches an 
asymptote. In this way, researchers can use non-
linear models for all growth stages, which is more 
in line with the biology of the animals.

CONCLUSIONS

The early growth of Pelibuey lambs raised 
under an intensive production system in Colima, 
Mexico, can be described with similar precision 
using linear and non-linear models. This allows 
the prediction of their productive performance 
for making better breeding and feeding decisions 
aimed at improving the productivity and 
economics of sheep farms.
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