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Abstract

The objectives were to evaluate non-linear models (NLM) to define the growth curve of Brahman cattle in Mexico.
The database was derived from weight development control, with live weight measurements (150,932 in females and
286,804 in males) taken in the interval from birth to 1095 days of age. Four NLM were evaluated: Brody, Bertalanfty,
Gompertz and Logistic. The selection of the NLM with the best adjustment was made based on the Akaike and
Bayesian information criteria. Growth parameters were generated: adult weight (AW), growth rate (GR), correlation
(r) between AW and GR, age and weight at the inflection point, evolution of live weight (as a percentage of adult
weight), maturity level, daily growth rate (DGR; kgday™!). The model with the best fit was Brody, followed by
Bertalanffy. For AW, the average value was 787.2 kg for males and 592.1 kg for females; for GR, the average values
(%) were 0.28 for males and 0.25 for females. All T were less than —0.90. The DGR, for males presented values in
the range of 0.347 to 0.786 and a mean of 0.537; for females, the mean was 0.424 with values in the range of 0.274 to
0.620. Heifers at 15 months of age reach an average weight of 287 kg, representing 57.7 % of the adult weight. The
growth analysis shows the response and/or adaptation to tropical livestock, based on a growth curve with a constant

growth rate and no inflection point.
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1 Introduction

The Brahman breed, in the context of Zebu cattle, de-
veloped in the United States from the crossbreeding of the
Gyr, Guzerat, and Nelore breeds (Sanders, 1980). Brahman
cattle arrived in Mexico in the 1920s and distributed within
tropical regions under grazing-based production systems.
The genealogical and productive record dates from 1962
(AMCC, 2019); the productive record is derived from the
weight development control (AMCC, 2000), where the affil-
iated breeders weigh periodically and record the live weight
data at different ages, generating a distribution of points over
time that allows growth to be analyzed. Animal growth,
the product of live weight variation over time, has been ap-
proached with nonlinear regression analysis and nonlinear
models (NLM). The regression coeflicients that make up the
NLM, their combinations, as well as the mathematical deriv-
atives, generate a series of growth parameters with biological
interpretation that are used in the design of feeding, man-
agement, and genetic improvement schemes (France et al.,
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1996; Agudelo et al. 2008; Teleken et al., 2017). The evol-
ution of growth, the product of genetic and environmental
effects, causes diversity in the growth curves and their com-
ponents (Arango and Van Vleck, 2002; Alemneh and Get-
abalew, 2019), generating for each population a growth pat-
tern with its own characteristics; therefore, in various popu-
lations of Zebu cattle, studies have been carried out to define
the growth curve and its components (Nunes et al., 2000;
Regis et al., 2005; de Andrade et al., 2010; da Silva et al.,
2013; Souza et al., 2014; Karim et al., 2019; Lopes et al.,
2016; Dominguez-Viveros et al., 2017; Dominguez-Viveros
et al., 2020).

The analysis of growth curves makes it possible to identify
areas in the production system or life cycle that could be the
object of strategic changes aimed at improving production
efficiency (Lépez et al., 1992; Menchaca et al., 1996). For
the Brahman cattle, the growth analysis shows the response
and/or adaptation of tropical livestock. The objectives of this
study were to evaluate NLM to define the growth curve, as
well as its growth parameters, which define the growth pat-
tern of Brahman cattle in Mexico.
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Table 1: Nonlinear models and growth parameters evaluated in Brahman cattle.

Model Equation DM DGR

Logistic Fi=p1/ (1 + Ba*(exp(—F3*D)) + € 1/ +Bo*eP3 ) Bs*9*(1= (3i/B1))
Bertalanffy 9=, * (1 = B2*(exp(-B3*0))**3) + &  (1-Br*e ;) 3839 ((GilBr)™*)-1)
Gompertz $i=p1 * (exp(= B2 *(exp(—B3*1))) + & €y (e Py B3*9:#(In@i/B1)™")
Brody i=p1* (1 = Bo*(exp(=B3*D)) + & (1- Br*e#5) Bs*Br*(1= 3i/B1))

Note: §; = live weight in kg, measured at time t. Regression coeflicients: 81, 82, 83. DM, degree of maturity.

DGR, rate of growth.

2 Materials and methods

The database was derived from the weight development
control (AMCC, 2000), with live weight measurements
(150,932 in females and 286,804 in males) taken in the in-
terval from birth weight to 1095 days of age. Four NLM
were evaluated (Agudelo et al., 2008; Agudelo-Gémez et
al., 2009; Lopes et al., 2016): Brody, Bertalanffy, Gompertz,
and Logistic; all made up of three regression coefficients (3,
B2, B3), which are described in Table 1.

The analyses were carried out by sex with the NLIN pro-
cedure of the SAS statistical analysis program (SAS, 2001).
The selection of the NLM with the best fit was made based
on (Teleken et al., 2017; Dominguez-Viveros et al., 2020):

Akaike information criterion [AIC = n*In(sce/n) + 2k];

Bayesian information criterion [BIC = n*In(sce/n) +
k*In(n)];

Coeflicient of determination [R? = (1 — (sce/sct))];

model standard error (EEG = | [-55).

Where: n, total number of data; sce, sum of squares of the
error; sct, total sum of squares; k, number of parameters in
the model; In, = natural logarithm.

Growth parameters were generated (Dominguez-Viveros
et al., 2019; Martinez-Rocha et al., 2021): adult weight
(AW), the mature weight or asymptotic value, which cor-
responds to the interpretation of 8;; growth rate (GR), ex-
pressing the weight gain as a proportion of the total weight,
which corresponds to the interpretation of 33; the correlation
T) between AW and GR; age (API) and weight (WPI) at the
inflection point.

The calculation of the live weight as a percentage of the
adult weight was analysed (ELW = (PLW / LWE)*100),
based on the relationship of the predicted live weight through
the age of the animal (PLW) and the live weight at the end
(LWE) of the growth curve (at 1095 days). The degree of
maturity (DM) and the daily growth rate (DGR; kg day™')
were estimated with the components of each NLM (Table 1;
Fitzhugh, 1976; Brown et al., 1976).

Table 2: Statistics for the selection of the best fit model.

Statistic Brody Gompertz Logistic Bertalanffy
Males

R? 96.3 96.2 96.2 96.3

EEG 574 57.7 58.1 57.6

AIC 2323146.7  2326262.0  2330452.5 23249717.1

BIC 23231784  2326293.7  2330484.2 2325008.8
Females

R? 95.1 95.0 94.9 95.0

EEG 534 54.1 54.7 53.8

AIC 1201120.6 1204726.0 1208177.2 1203498.2

BIC 1201150.4 1204755.8 1208207.0 1203527.9

AIC: Akaike information criterion; BIC: Bayesian information criterion;
R2: coeflicient of determination; EEG: model standard error.

Table 3: Regression coefficients and growth parameters derived
from the non-linear models evaluated.

Model Bi B> B3 r API  WPI
Females
Brody 849.8 09395 0.000778 -0.99 - -
Gompertz 512.8  1.9755 0.002750 -0.96 83 183.7
Logistic 447.0 44302 0.004660 -090 10.6 2235
Bertalanffy ~ 558.6  0.5098 0.002100 -0.97 6.7 1655
Males
Brody 1295.8 0.9673 0.000628 -0.99 - -
Gompertz 6254 22104 0.003010 -0.96 88 230.0
Logistic 530.4 54571 0.005350 -0.90 10.6 265.2
Bertalanffy  697.2  0.5539 0.002230 -0.97 7.6 206.6

Regression coefficients: 8: asymptotic value or adult weight; 8>: adjustment
parameter; 33: growth rate, expressing weight gain as a proportion of the
total weight. Age (API, months) and weight (WPI, kg) at the inflection point.
1: correlation between S8 and f33.

3 Results

The model with the best fit was Brody, followed by Ber-
talanffy (Table 2), although the differences between all mod-
els in degree of fit were small but there were big differences
in actual parameters. The Brody model is characterized by
a growth curve with constant GR without inflection point,
Fig. 1 shows the growth curve for each sex with the Brody
model. All NLM presented R2 greater than 94 %. Table 3
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presents the results for the regression coefficients and the
growth parameters API, WPI and Y. For AW, the average
value was 787.2 kg for males and 592.1 kg for females; for
GR, the average values (in terms of percentage) were 0.28
for males and 0.25 for females. All T were negative, with
estimates below -0.90. The ELW through the age of the ani-
mal is presented in Fig. 2; likewise, the DM with respect to
the age of the animal is presented in Fig.3. The DGR, as
daily weight gain, for males presented values in the range of
0.347 to 0.786 kg and an average of 0.537 kg; for females,
the mean was 0.424 kg with values in the range of 0.274 kg
to 0.620 kg. The evolution of the DGR through the age of
the animal is presented in Fig. 4.
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Fig. 1: Growth curves for Brahman cattle (H, females; M, males)
based on the Brody model.
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Fig. 2: Evolution of live weight (ELW (%) = (PLW/LWE)*100)) in
Brahman cattle (H, females; M, males), based on the relationship
of the predicted live weight through the age of the animal (PLW)
and the live weight at the end (LWE) of the growth curve (at 1095
days), with the Brody model.

4 Discussion

Points have been made to the Brody model in the analy-
sis of animal growth: ease of implementation in computa-
tional algorithms, good fit based on statistical criteria, in-
terpretation of regression coefficients, allows missing data
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Fig. 3: Development of the degree of maturity (DM), based on the
Brody model, in Brahman cattle (H, females; M, males).
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Fig. 4: Growth rate development (DGR, kg/day) based on the
Brody model in Brahman cattle (H, females; M, males).

points, less sensitive to fluctuations in weight (Arango &
Van Vleck, 2002). In the results obtained with Brody, over-
estimations of live weight are observed at the extremes of
the growth curve. At the beginning, the prediction of live
weight was higher in females, up to 53 days of age, with
a maximum difference of 8 kg in birth weight (Fig. 1);
for AW, Brody presented differences greater than 250 kg
in females and 500 kg in males (Table 3). In the NLM
contrast, the growth curve with constant GR and no in-
flection point vs sigmoid curves shows higher AW esti-
mates (Dominguez-Viveros et al., 2013; Karim et al., 2019;
Dominguez-Viveros et al., 2020; Colares et al., 2023). The
analysis of growth in bovines has been proposed based on a
sigmoid curve, where the inflection point has significance in
the productive and reproductive phase (Lawrence & Fowler,
2002; France & Kebread, 2008). For tropical production sys-
tems, with grazing feeding, several studies have been pub-
lished where the NLM of best adjustment presents a growth
curve without inflection point. In the tropical regions of
Mexico, where the Brahman population of the present study
develops, Martinez-Rocha et al. (2021) in Romosinuano
cattle and Dominguez-Viveros et al. (2013) in Tropicarne
cattle, reported that the NLM with the best fit was Brody;
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likewise, Dominguez-Viveros et al. (2020) in five Bos indi-
cus breeds published that the NLM were Brody, Mitscherlich
and Meloun III. Similar studies, in Zebu breeds and crosses
with Zebu, where the Brody model was selected: de Lima
et al. (2011) in Nelore and its crosses with Canchim, An-
gus and Simental; da Silva et al. (2013) and Colares et al.
(2023) in Nelore; Souza et al. (2014) in Tabapua; Ramirez
et al. (2009) and Herrera er al. (2008) in crosses of Zebu
with Angus, Holstein, Blanco orejinegro, Senepol, and Ro-
mosinuano; Karim et al. (2019) in Brahman.

For DGR (kg/day) in Nelore cattle, Colares et al (2023)
reported results in the range of 0.26 to 0.92 for males and
0.19 to 0.92 for females; Lopes ef al. (2016) published es-
timates in the interval 0.70 to 0.259. Colares et al (2023)
point out that females with a higher estimate of the matura-
tion rate will have lighter carcasses at the time of slaughter
(lower DGR). Biologically, 8 is of great relevance, negative
values indicate that animals with higher maturation rates are
not associated with higher adult weights, or animals with
a lower maturation rate tend to be heavier at maturity and
take longer to reach their mature weight (Hafiz et al., 2016).
The growth curve is extremely important in the efficiency of
the production system, it transcends the reproductive phase
of the females and the production costs per commercialized
animal (Lépez et al., 1992; Arango & Van Vleck, 2002).
The age at first calving is an indicator of the time it takes an
animal to reach sexual maturity and reproduce for the first
time, mating around 15 months with 60 % of adult weight
and age at first calving around 24 months, has positive ef-
fects on the longevity and productivity of the cow (Nufiez-
Dominguez et al., 1991; Patterson et al., 1992; Cushman et
al., 2013). However, within breeds, differences in optimal
size depend on the production system, especially the envi-
ronment and management practices (Andersen, 1978; Alem-
neh & Getabalew, 2019). Fig. 1 and 2 show that Brahman
heifers at 15 months of age achieve an average weight of
287 kg, representing 57.7 % of adult weight. The low levels
of DM and its evolution through age, which are observed in
Fig. 3, can be attributed to overestimations of the AW since
it is part of the estimation process (Table 1). For DM at 540
days, Dominguez-Viveros et al (2013) in Tropicarne cattle
and Martinez-Rocha et al (2021) in Romosinuano cattle, re-
ported estimates of 65.2 % and 45.4 %, respectively; like-
wise, Herrera et al (2008) in five genotypes, product of the
cross with Zebu, published values in the range of 50.3 to
62.0 %.

5 Conclusion

For Brahman cattle from Mexico, the Brody model
defined the growth curve, with a constant growth rate and
no inflection point. The females presented a higher maturity
rate and greater evolution of live weight, with a lower growth
rate development. The contrast in the behavior of the degree
of maturity vs. growth rate development is associated with
the results of the negative correlation between growth rate
and adult weight.
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