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ABSTRACT

This study was conducted to compare three non-linear growth models (Logistics, Gompertz and Von Bertalanffy) in
describing the growth of 360 turkeys of three genotypes (exotic, crossbred and local). The growth curve parameters-A,
B and K for each growth model were estimated for each turkey using the NLIN procedure (Marquart algorithm) for the
Bayesian approach with a fixed-effect model. The best fit of the three models was also estimated. A comparison was done
among the three models using Akaike Information Criteria (AIC) and the Bayesian Information Criteria (BIC). Pearson
product-moment correlation coefficient (r), the correlation coefficient, was used to examine the linear relationship
between two quantities, A and K growth model parameters. For comparison of growth models parameter predicted,
the Von Bertalanffy's model predicted the smallest value in both criteria for all the male and local female turkeys, while
Gompertz's growth model had the smallest predicted value in both criteria for the female exotic and female crossbred
turkeys. Based on the goodness of fit using the Bayesian Model Choice Criteria (Deviance Information Criteria), Von
Bertalanffy's growth model showed the best fit. However, the difference between Bertalanffy's and Gompertz's growth
models is very minimal, thus, making both models suitable for modeling the growth curve of domestic turkey and to
consider how this weight is attained.
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INTRODUCTION

The domestic turkey (Meleagris gallopavo)
is an important poultry species that has gain
popularity in Nigeria because of its meat, which
contributes to the protein need of our growing
population (llori et al., 2019; llori et al., 2021).
The available turkey populations in Nigeria include
the local turkey, the exotic and their crossbreds.
The Nigerian local turkey, although not as big as
the locally adapted exotic Nicholas white turkey,
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is adapted to a wide range of climatic conditions,
especially when adequately fed and reared under
proper management conditions. The exotic turkey,
on the other hand, are less adaptable to the tropical
environment characterized by an adverse weather
condition and infectious diseases (llori et al., 2011,
Agbonika & Folorunsho, 2020). Crossbred turkeys in
Nigeria are usually generated as crosses using the
Nigeria local turkey and exotic turkeys such as British
United turkey, Nicholas white turkey and recent hybrid
converter turkey. They are characterized by better
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growth performance and fitness compared to their
local counterpart (llori et al., 2010; llori et al., 2011).

Growth is a fundamental property of any
biological system depicting an increase in body size
per time unit (Lawrence & Fowler, 2002; Rizzi et al.,
2013). It occurs in the entirety of an animal's life and
is accompanied by the utilization of the materials
and increased volume, size or shape of an organism
(Sezer & Tarham, 2005). Genetic potential for growth
and maturity period are two important parameters
of growth (Ersoy et al., 2005). These parameters
can be predicted to estimate the time, when
birds are ready for sale and contribute to poultry
production profitability. The size and shape of an
individual, progressively change consequent upon
the differential growth of component body parts.
However, most of these growth processes can not
be continuously measured. Hence, mathematical
functions are used to model measurements with the
potential to extrapolate a non-observed intervals.
Growth performance traits are very important in
assessing the potential of genetic improvement
and development of any livestock breed/strain.
Such knowledge is essential for proper planning
of breeding programmes and in adopting breeding
choices/strategies. These are also essential in
poultry production being fundamental attributes
for assessing growth and feed efficiency as well as
important parameters in economic decision making
and management (Assan, 2015; Oleforuh-Okoleh
etal., 2017).

Mathematical functions are used in modeling
growth in avian species with most being asymptotic
and mechanistic (Narinc et al., 2017; Durosaro et al.,
2021). Genetic improvement for growth performance
in any livestock species or strain is based on selection
for optimum performance at a specific time in
their development. Mathematical models having
parameters with biological interpretations are
used to explain growth. Asymptotic models allow
for a point, where there is no more growth, while
mechanistic models predict animals through some
other known theories. These models are valuable in
identifying better strategies for improved livestock
production including estimation of daily nutrient
requirements (Pomar et al., 2009), development
of breeding strategies, explanation of growth
pattern (Narinc et al., 2017) and in selection studies.
As growth rate differs in every phase of an animal's

life, nonlinear models are used in estimating growth
parameters instead of linear models (Ersoy et al.,
2005). Numerous growth equations have been
developed to describe and fit the nonlinear sigmoid
relationship between growth and time (Roush &
Branton, 2005). Thornley & France (2007) broadly
classified growth functions: (1) those that describe
diminishing return behaviour; (2) those related to
sigmoidal behaviour with a fixed point of inflection;
and (3) those related to sigmoidal behaviour
with a flexible point of inflection. Growth models
describing the S-shaped (sigmoidal); asymptotic
growth patterns comprise Von Bertalanffy (Von
Bertalanffy, 1960), Gompertz (France & Thornley,
1984; Laird, 1964), Richards (Richards, 1959) and
Logistic (Grossman et al., 1985; Grossman & Bohren,
1985; Mead et al., 1993) models. Several nonlinear
models have been used to predict the growth
patterns of many avian species. Judrez-Caratachea
(2019) modelled age-weight relationship in local
turkey using non-linear Gompertz, Brody, Richards,
Von Bertalanffy and Logistic models in describing
the growth curve. Arando et al. (2021) used seven
non-linear growth models to evaluate growth curve
of Andalusian turkey. Rivera-Toress et al. (2011) used
mechanistic simulation model of energy and nutrient
utilization in growing turkeys. Sengul & Kiraz (2005)
used four non-linear models (Gompertz, Logistic,
Morgan-Mercer-Flodin (MMF) and Richards) to
explain the growth curve of male and female large
white turkeys and to determine the best model for
the turkeys, while Sogut et al., (2016) used Logistic,
Gompertz, Von Bertalanffy, and Gauss models to
describe the growth curve of large white turkey. The
description of growth curve using growth models in
Nigerian turkeys is very scarce in literature. Also, no
information is available on how sex dimorphism in
turkey affects the growth patterns and the biological
interpretation of growth parameters. These models
have been used for estimation of daily nutrient
requirement, development of breeding strategies,
explanation of growth pattern and prediction of
body weight in other poultry species. Furthermore,
there is no current information on the comparison
of growth models between pure local, crossbred
and exotic genotypes of turkeys in the hot humid
tropical environment. Therefore, this study is aimed
at estimating the parameters of three mathematical
nonlinear growth models (Logistics, Gompertz, and
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Von Bertalanffy) of three turkey genotypes reared
in the hot humid environment and also to compare
the effect of sex on the growth pattern of the three
genotypes of turkeys using the fixed effect model.

MATERIAL AND METHODS

Experimental Site

This experiment was conducted at the Turkey
Breeding Unit of the Directorate of University
Farms (DUFARMS) Federal University of Agriculture,
Alabata Road, Abeokuta, Ogun State, Nigeria. The
University is located on latitude N7°14'37" and
Longitude E3°20'35" of the Southwestern part of
Nigeria with a prevailing tropical climate with a mean
annual rainfall of about 1037 mm. The mean monthly
ambient temperatures range from 28 °C to 36 °C
between October and March with a yearly average
relative humidity of about 82 %. The University
vegetation represents interphase between the
tropical rainforest and the derived savannah (llori
et al., 2017; Google Map, 2021).

Source, sample size and management of experi-
mental birds

The experimental birds were generated and
selected from the parent stock being maintained at
the farm and used for this experiment. The parent
stock comprised of 30 local (5 males, 25 females)
and 30 exotic (5 males, 25 females of Nicholas
white exotic breed of turkey) birds, which were
used to generate 150 local poults, 162 exotic poults
and 125 crossbred poults from the two genotypes
(5 male Nicholas white turkey x 25 female local).
One hundred and twenty poults each of the three
genotypes were selected for the study. Semen was
collected from toms by the abdominal massage
technique, as described by Lake (1962) with the
help of two operators, who collected semen from
the toms after a period of training for two weeks.
The hens were then artificially inseminated with
fresh undiluted semen, as described by Lake (1962).
The semen collection and insemination were
done twice a week in the afternoon to ensure the
production of fertile eggs. Eggs from the three
crosses were collected daily, identified appropriately
and set in the incubator according to the mating

pattern/design weekly. The poults were brooded
in separate deep litter pens according to their
genetic group. All poults were wing-tagged for
proper identification and subjected to the same
management practices throughout the experimental
period of 20 weeks. Commmercial turkey feed and
clean water were provided for the birds ad libitum.
The poults were fed starters mash containing 28 %
of Crude Protein (CP) from day old to 8" week,
growers mash (24 % CP) from 8" to 14* week and
layers mash (20 % CP) from 15 week till the end of
the data collection. The birds were tagged as male
or female at 8 weeks of age, when distinct physical
sexual characteristics were obvious. The design of
the experiment was such, that each turkey served
as a replicate in the experiment. The poults were
vaccinated against Marek's desease, Newcastle
and infectious bronchitis diseases at day old from
the hatchery. Subsequent vaccinations, including
the Newcastle disease vaccine and the Fowlpox
vaccine were given as at when due. Adequate
sanitation was practiced to prevent oubreak of
diseases. The protocol for the experiment was
approved by Animal Care and Use Committee of
College of Animal science and Livestock production
of the Federal University of Agriculture, P.M.B.
2240, Abeokuta, Ogun State Nigeria with approval
reference FUNAAB/AEWC/2019/0075.

Data Collection

Live weights of each turkey for the three
genotypes were recorded every week from day old
till 20 weeks of age using a measuring scale of 0.05 g
sensitivity.

Statistical Analysis

The nonlinear model for growth data using
REML approach for animal i can be expressed as:
BW;=f(6, t;) + e; i=1,Nandj=1,n,
where — f is the nonlinear function relating the
response variable (BW)) to time (t;), 6, is a vector
including the parameters of the non-linear function,
N is the number of animals and n; is the number of
measurements taken from animal j.

Turkey growth data were fitted to the Logistic,
Gompertz, (Gompertz, 1825) and Von Bertalanffy
(Von Bertalanffy, 1957) growth models including
fixed parameters A, B and K as described in Table 1.
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Table 1. Predicted body weight of turkeys using three non-linear models

Model BW;=f(6, t;) + e; tinf Wit
g 3) 3
Logistic BW;=A; (1+Bexp {-Ki t;})* +¢e; - Kv'
G t BW; = A exp {-B; exp {-K; t;}} + _ log(®) A
ompert y= A EXp B e TR LI T ey K; 2.7182
log(B;) + log(3) A
Von Bertalanffy BW; = A (1-B;exp {-K; t;})* + e; — %

In these models, BW; is the body weight
of turkey at age (week) t; A is the asymptotic
weight or an estimation of mature weight as age
approaches infinity (t; > o); B is the integration
constant defining the degree of maturity at t; = 0;
K is the rate of maturing and refers to growth rate
relative to mature weight. e; is the residuals with
the assumption of e; ~ N(0,0%l) where c?l; is the
residual variance structure for all subjects, assuming
that no covariance structure exists between the
residuals of the model. t,; and W, are the age
and weight at the inflection point of the growth
model, respectively. Growth curve parameters;
asymptotic weight (A), integration constant (B)
and rate of maturing (K) for Logistic, Gompertz or
Von Bertalanffy growth models were estimated for
each turkey using the procedure of NLIN (Marquart
algorithm) (SAS, 2000). The age and weight at
the inflection point (t,; and W, for each turkey
were calculated using estimated growth curve
parameters. Then, the arithmetic means, standard
error of arithmetic mean, minimum and maximum
values of the estimates of growth curve parameters,
and the age and weight at the inflection point (t,
and W,,) were calculated using the procedure of
MEANS/ANOVA in the same SAS package for sex
and genotype of sire within the growth models.
Comparisons between Logistic, Gompertz or Von
Bertalanffy growth models were carried out using
the Akaike Information Criteria (AIC) and the
Bayesian Information Criteria (BIC). The AIC and
BIC were calculated by running the procedure of
NLMIXED with the ML method available in the
SAS package (SAS, 2000) for each growth model.

The Pearson product-moment correlation coefficient
(r), simply called the correlation coefficient, was
used to examine the linear relationship between
two quantities, such as the A and K growth model
parameters. The Pearson correlation is defined
between -1 and +1 (-1<r<1), where -1 indicates a
perfect decreasing (negative) linear relationship,
+1 indicates a perfect positive (increasing) linear
relationship, and some values between -1 and
+1 in all other cases indicate the degree of linear
dependence between the A and K parameters.

RESULTS

Effect of a genotype and sex on parameter
estimates of Logistic growth model based on Fixed
Effect Model

The mean and standard error of parameter
estimates for the Logistic growth curve fitted for
genotype and sex based on the Fixed Effect Model
are shown in Table 2.

The local turkey female had the lowest
asymptotic weight A (2541.6 g), B (16.4338 g), and
Wiy (1270.8 g) while the exotic male had the highest
A (47445 g), K (0.284670 g) and W, (2372.2 g). The
female crossbred had the highest age at inflection
point followed by the male crossbred, while the least
was observed in male exotic turkeys. Figures 1 and
2 (annex) showed the predicted growth curve from
estimated body weight using the Logistic growth
model on the three genotypes of turkey for both
males and females. In Figure 1, the male exotic turkey
had a higher growth rate from onset to the end
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Table 2. Estimated mean and standard error for the Logistic growth model parameters fitted for genotype
and sex based on the Fixed Effect Model

Growth Curve Parameters

Sex Genotype A B K tins Wi

Male Local 3365.7+72.6 22.0715+1.6120 0.275096 +0.007119 11.3+0.2 1682.8+36.3
Male Exotic 4744.5+63.3 19.9329+1.1258 0.284670+0.005311 10.5+0.2 2372.2+31.7
Male Cross 4029.5+152.7 20.9130+1.0510 0.237521+0.007996 13.0+0.5 2014.7+76.3
Female Local 2541.6+£57.5 16.4338+0.6774 0.258756 £0.005219 10.8+0.2 1270.8+28.8
Female Exotic 4636.9+129.2 23.2705+1.9117 0.268468 £0.008408 11.7+0.4 2318.4164.6
Female  Cross 3806.7 £ 133.0 25.3976+1.2959 0.245381 £0.008673 13.3+0.5 1903.3+66.5

A = Asymptotic weight, B = Integration constant, K = Maturing rate, t;,;= Age at inflection point, W, = Weight at inflection point

Male
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B —p—Local
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Figure 1. Predicted growth curve of male turkeys selected for 20 week body weight
using Logistic growth model based on Fixed Effect Model
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Figure 2. Predicted growth curve of female turkeys selected for 20 week body
weight using Logistic growth model based on Fixed Effect Model
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and also had the highest estimated 20-week
bodyweight. The crossbred and local males had a
similar growth rate from t =0 until the 18" week,
when the crossbred slightly performed better than
the local with 100 g. The growth curve for the female
genotype (Figure 2) shows that all the genotypes
started similarly (t=0) until the 5" week, when
growth variation was obvious between genotypes.
As revealed from the figure, the exotic females were
different from the other genotypes with superior
estimated body weight at 20-week.

Effect of a genotype and sex on parameter estimates
of Gompertz growth model based on Fixed Effect
Model

The estimated mean and standard error of
parameter estimates for the Gompertz growth
curve fitted for genotype and sex based on the Fixed
Effect Model are shown in Table 3.

The lowest mean for asymptotic weight,
integration constant and weight at inflection point
were observed in female local turkeys. However, its
maturing rate was similar to that of female exotic

Table 3. Estimated mean and standard error for the Gompertz's growth model parameters fitted for
genotype and sex based on the Fixed Effect Model

Growth Curve Parameters

Sex Genotype A B K tins Wiy

Male Local 4178.9+138.7 4.2807+0.1473 0.144879+0.005291 10.5+0.3 1537.4+51.0
Male Exotic 5499.3+105.5 4.1433+0.1118 0.154660 +0.003827 9.2+0.2 2023.1+38.8
Male Cross 5378.1+363.3 4.0141+0.0848 0.115228 +0.005578 12.7+0.8 1978.5+133.7
Female Local 3046.4+92.1 3.7213+0.0688 0.139727 £0.003644 9.7+0.3 1120.7+33.9
Female  Exotic 5844.2 +311.7 4.2831+0.1499 0.134778 £0.007458 11.0+0.7 2150.0+114.7
Female Cross 5183.7+252.1 4.3163+0.0929 0.114477 £0.005893 13.2+0.6 1907.0+92.7

A = Asymptotic weight, B = Integration constant, K = Maturing rate, t;,;= Age at inflection point, W, = Weight at inflection point
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Figure 3. Predicted growth curve of male turkeys selected for 20 week body weight
using Gompertz's growth model based on Fixed Effect Model
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Figure 4. Predicted growth curve of female turkeys selected for 20 week body
weight using Gompertz's growth model based on Fixed Effect Model

turkeys and higher than that of male and female
crossbred turkeys. The highest value of A and W,
was obtained in female exotic turkeys. The maturing
rate ranged from lowest in female crossbred turkey
to highest in male exotic turkey. The age at the
inflection point was lowest in male exotic turkeys
and highest in female crossbred turkeys. Figures 3
and 4 (annex) show the growth curve of male and
female turkeys selected for 20-week bodyweight, as
predicted by the Gompertz growth model based on
the Fixed Effect Model. In Figure 3, the male exotic
turkey had the best growth rate from the beginning
to the end with an estimated 20-week bodyweight
of 4800 g, while the lowest estimated body weight

at 20-week was observed in the male local turkey.
In Figure 4, the lowest estimated body weight at
20-week was recorded in the female local turkey.
The exotic female, on the other hand, had the best
growth rate with the best estimated body weight at
the end of the experiment.

Effect of a genotype and sex on parameter estimates
of Bertalanffy growth model based on Fixed Effect
Model

Table 4 presents the estimated means and
standard error of parameter estimates for the Von
Bertalanffy growth curve fitted for genotype and
sex based on the Fixed Effect Model.

Table 4. Estimated mean and standard error for the Von Bertalanffy's growth model parameters fitted for
genotype and sex based on the Fixed Effect Model

Growth Curve Parameters

Sex Genotype A B K ting Wi

Male Local 5222.2+271.2 0.8515+0.0141 0.099325+0.004422 10.5+0.4 1547.3+80.4
Male Exotic 6217.2+160.3 0.8467 £0.0163 0.109814 + 0.003582 85+0.2 1842.1+47.5
Male Cross 6763.1+426.4 0.8063+£0.0097 0.074026 £0.004764 129109 2003.9%126.3
Female Local 3598.2 £+145.3 0.7849+£0.0099 0.098305 + 0.003309 9.2+0.3 1066.1+43.0
Female  Exotic 7334.7 £654.3 0.8487 £0.0187 0.088949 +0.007366 11.1+1.0 2173.2+193.9
Female Cross 7599.6 £ 642.6 0.8417 £0.0107 0.068102 £0.005308 14.9+1.1 2251.7+190.4

A = Asymptotic weight, B = Integration constant, K = Maturing rate, t,;= Age at inflection point, W, = Weight at inflection point
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Figure 5. Predicted growth curve of male turkeys selected for 20 week body weight
using Von Bertalanffy's growth model based on Fixed Effect Model

The female crossbred turkey had the highest
value for A (7599 g), t,; (14.9 weeks) and W,
(2251.7 g) and are more than double the lowest
means obtained for the local female turkey
(A=3598.2g and W,,;=1066.1g). The age at the
inflection point was lowest in male exotic turkeys
and highest in female crossbred turkeys. The
highest integration constant was observed in male
local turkey followed by the female exotic and then
the female local turkey. The least maturing rate
was observed in female crossbred turkeys and the
highest obtained in the male exotic turkey. Figures
5 and 6 (annex) show the predicted growth curve
of male and female turkey genotypes using the
Von Bertalanffy growth model based on the Fixed
Effect Model. The exotic male turkey had the
highest growth rate with the highest estimated
20-week body weight, while the same growth

rate and estimated body weight at 20-week was
recorded for both local and crossbred male turkey.
Different growth rate was obtained for the three
female genotypes (Figure 6), with the exotic female
having the best growth rate, which culminated in
the highest estimated body weight of 4300 g, while
the least (2400 g) was obtained in the female local
turkey.

Comparison of models for best fit based on Fixed
Effect Model

Akaike Information Criteria (AIC) and Bayesian
Information Criteria (BIC) used to select the better
fit model used in modeling the growth curve for
males and females of the three turkey genotypes
are shown in Table 5.

It was observed that the Von Bertalanffy
growth model had the smallest predicted value

Table 5. Criteria of choice for the three growth models

Logistic Gompertz Von Bertalanffy
Sex Genotype AIC BIC AIC BIC AIC BIC
Male Local 19992 20014 19835 19856 19804 19825
Male Exotic 2773 2787 2638 2651 2600 2613
Male Cross 6437 6454 5974 5991 5838 5854
Female Local 16925 16946 16763 16783 16717 16737
Female  Exotic 2557 2570 2507 2520 2556 2569
Female  Cross 5314 5330 4896 4912 4903 4919

Model choice criteria (Smallest value indicates the better-fitted model)
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in both criteria for all the male and local female
turkeys, while the Gompertz growth model had
the smallest predicted value in both criteria for
the female exotic and female crossbred turkeys.
However, the difference between Von Bertalanffy's
and Gompertz's growth models is very minimal,
thus, making both models suitable for modeling the
growth curve of domestic turkey.

Correlation between asymptotic weight A and
maturing rate k within the three growth models

Pearson correlation between asymptotic
weight A and maturing rate K for all three growth
models used is shown in Table 6.

Negative correlations existed between
asymptotic weights and maturing rates for all the
genotypes and sex considered. The highest negative
correlation was recorded in female exotic turkeys
(-0.866, -0.985, -0.967) for Logistic, Gompertz and
Von Bartalanffy, respectively. The lowest negative
correlation was observed in male exotic turkey for
Logistic and Gompertz models, while the least was
obtained in male local turkey for Von Bertalanffy's
growth model.

DISCUSSION

The fixed effect model is a statistical approach,
where the model parameters are non-random quantities
with fixed effect population mean using Logistic,
Gompertz and Von Bertalanffy. The Von Bertalanffy's
model predicted the highest asymptotic final weight
in two sexes of the three turkey genotypes. This
prediction is followed by that of Gompertz, while
the least asymptotic final weight was observed in

Logistic. Like the case of mixed models, the fixed
effect model also gives a good prediction and fits the
data adequately, which corroborates other studies
in different species including cattle (Berry et al., 2005)
and sheep (Gbangboche et al., 2008). However, little
difference existed between both models in fit
statistics in the exploratory dataset. Also, when
their ability to predict future animal live weight in
the forward prediction dataset was considered,
the ability of the mixed model equations was in all
cases superior to the fixed effect models for the
same criteria. Mixed model equations account for
the population mean but also the individual animal
deviations from that mean, thereby potentially
accounting for more of the variance compared to
the fixed-effect models. The superiority of mixed
models is particularly important, when the growth
rate is starting to plateau. The fixed terms use data on
contemporaries to model this plateauing effect. This
influences the predicted future growth trajectory
of animals without sufficient data to inform the
algorithm that their growth rate is, or will soon
start to slow down (Coyne et al., 2015). The growth
rate (B), which is the proportion of the asymptotic
mature weight to be gained after birth, was higher
in the Logistic model for all the genotypes, while
the least integration constant was observed in the
Von Bertalanffy's model. This, however, was adduced
to the fact that the Logistic model predicts 50 % of
the asymptotic final weight at the inflection point,
which could be realized by higher initial weight
(Ozoje et al., 2007; Zhao et al., 2015). The maturing
rate (K) was also higher in the Logistic model
and lowest in the Von Bertalanffy's model for all
genotypes in the different sexes. To achieve the 50 %
growth before inflection, as observed in this model,

Table 6. Pearson correlation between A and K parameters within each model

Logistic Gompertz Von Bertalanffy
Sex Genotype r p-value r p-value r p-value
Male Local -0.686 0.0001 -0.775 0.0001 -0.792 0.0001
Male Exotic -0.360 0.3073 -0.715 0.02 -0.844 0.0001
Male Cross -0.761 0.0001 -0.761 0.0001 -0.866 0.0001
Female Local -0.457 0.0002 -0.717 0.0001 -0.800 0.0001
Female  Exotic -0.866 0.0025 -0.985 0.0001 -0.967 0.0001
Female  Cross -0.727 0.0004 -0.895 0.0001 -0.907 0.0001
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it is assumed that maturing rate will be high and may
subsequently lead to a smaller mature weight. For
the age at inflection, the Von Bertalanffy predicted
fairly lowest and the longest growing period
compared to other models, which could be ascribed
to the fact that the animals, that are generally
heavier at maturity, tend to take longer growing
period to mature (Taylor and Fitzhugh, 1971). The
longer growing period, used by the crossbred turkey
male and females compared to the other genotypes
and their sexes, could be attributed to the effect
of crossbreeding on their maturing rate. There is
a relationship between the asymptotic weight and
the weight at inflection based on the time taken to
reach the inflection point. There are few differences
between models regarding weight at inflection.
The fairly higher weight at inflection was observed
using the Logistic model, while the least was
observed in the Gompertz's model, even though
the Von Bertalanffy had the highest asymptotic
weight and took a longer period to reach the point
of inflection. Abe (2016) observed the highest
weight at inflection with a longer period to reach
the inflection point in chicken and suggested, that
the longer period to reach inflection point could
be the reason for the better weight at inflection.
The exotic turkey male had the highest weight
at inflection using the Logistic function while the
least was observed in the local turkey female. The
crossbred turkey female had the highest weight at
inflection using the Von Bertalanffy, while the least
was also observed in the local turkey female.

Using the fixed effect model, the exotic turkey
male had the highest asymptotic final weight and
weight at the inflection point compared to the other
genotypes in the Logistic model. The longer time
taken by the crossbred and especially the females
to reach the inflection point may have contributed
to their superior weight at the point of inflection
compared to the local turkey. This may also be
due to the effect of crossbreeding on the growth
performance of this turkey. Sexual dimorphism
was only in favour of males in the Logistic model,
while females were favoured at weight at inflection
for both Gompertz's and Von Bertalanffy's models.
Differences in weight between sexes have also been
reported in Japanese quail (Kizilkaya et al., 2004).

From all the growth curves, using the fixed
effect model, exotic turkey males and females had
the highest estimated body weight at 20 weeks
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followed by the crossbred turkey, while the least
was estimated in the local turkey. However, only the
Von Bertalanffy's model estimated the same body
weight for both female crossbred and local turkeys.
This superiority of exotic turkey, as stated earlier, has
been the effect of selection over many generations
for improved performance (llori et al., 2010).

The result of the study for the model with
the lowest values (Galeano-Vasco et al., 2014), as
predicted by AIC and BIC, showed that the Von
Bertalanffy's growth model had the smallest
predicted value in both criteria and the best fit
for all the turkey males and local turkey females
while Gompertz's growth model had the best fit
for the female exotic and female crossbred turkeys.
However, the difference between Von Bertalanffy's
and Gompertz's growth models is minimal, thus,
making them fit for modeling the growth curve of
domestic turkey. Sogut et al. (2016) and Segura-
Correa et al. (2017) had reported Von Bertalanffy's
as the best model for fitting the growth curve of
turkey. Gompertz was also considered as a model
of choice with the best fit especially in chicken
(Galeano-Vasco & Ceréon-Mufioz, 2013; Abe, 2016).
The disparity in the different models for body
weight prediction maybe attributed to variations in
the maturing patterns of the different genotypes.

According to Carrijo and Duarte (1999),
negative correlations existed between A and K,
which is an inverse relationship such that animals
with heavier average asymptotic weight had the
lowest values of K. There are negative correlations
existed between asymptotic weights and maturing
rates for all the genotypes and sex considered.
The highest negative correlation was recorded
in female exotic turkeys for Logistic, Gompertz
and Bartalanffy respectively. The lowest negative
correlation was observed in male exotic turkey
for Logistic's and Gompertz's models, while the
least was obtained in local turkey male for the Von
Bertalanffy's growth model. The highest negative
correlation, as observed in the female crossbred
turkey, could be attributed to the fact that the alleles
responsible for the growth rate in this population
are not yet fixed and are still segregating, which
might facilitate a longer period to reach an inflection
point in this genotype. Similar trends have been
adduced to the fact that early maturing animals
tend to attain smaller mature weight, while high
mature weight is related to a long growing period
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(Kizilkaya et al., 2006). Previous studies (Mignon-
Grasteau, 1999; Lewis et al., 2002) have exploited
fixed effect models for the development of growth
curves in a range of species. Gossett et al. (2007)
reported that the mixed model equations, when
incorporated into the Gompertz growth function,
were the best type of models to model the growth
curve of premature human infants. Therefore, the
results of the present study indicate that mixed
model equations should also be considered in the
implementation of growth curves.

CONCLUSION

Our study, using AIC and BIC in the fixed effect
model, shows that the Von Bertalanffy's growth
model had the smallest predicted value in both
criteria and the best fit for all the male turkeys and
local female turkey, while the Gompertz's growth
model had the best fit for the female exotic and
female crossbred turkeys. However, the difference
between Von Bertalanffy's and Gompertz's growth
models is very minimal, thus, making them fit for
modeling the growth curve of domestic turkey.
The fixed effect model using the Von Bertalanffy's
growth model well described the turkey data set for
asymptotic final weight. The negative correlation
between A and K showed that early maturing turkey
will attain smaller weight or lighter asymptotic
weight and associated with a high inflection point.
Optimization of profitability of commercial poultry
production depends on careful consideration of the
growth curve and the parameters of the growth
curve.

AUTHOR CONTRIBUTIONS

Conceptualization: Ozoje, M. O., Peters, S. 0., llori, B. M.
Methodology: Peters, S. O., llori, B. M., Durosaro, S. O.
Investigation: Akano, K., llori, B. M., Durosaro, S. O.
Data curation: llori, B. M., Peters, S. O.

Writing-original draft preparation: Akano, K., llori, B. M.
Writing-review and editing: Olayiwola, S. F.,, Oguntade,
D. 0., Durosaro, S. 0., llori, B. M.

Project administration: Ozoje, M. O., llori, B. M., Akano,
K., Durosaro, S. O.

All authors have read and agreed to the published
version of the manuscript.

11

INFORMED CONSENT STATEMENT
Not applicable.

DATA AVAILABILITY STATEMENT

The data presented in this study are available on
request from the corresponding author.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Abe, 0. S. (2016). Application of Non-linear models to the
growth and development of Nigerian indigenous and
other locally adapted chickens. Ph.D. Thesis. Federal
University of Agriculture, Abeokuta, College of Animal
Sciences and Livestock Production, Abeokuta.

Agbonika, D. A. & Folorunsho, S. T. (2020). Turkey Production
in Gwagwalada Area Council of Federal Capital Territory,
Abuja, Nigeria. World Journal of Innovative Research,
8(4), 98-103. https://doi.org/10.31871/WIJIR.8.4.19

Arando, A., Gonzélez-Ariza, A., Lupi, T. M., Nogales, S., Ledn, J.
M., Navas-Gonzilez, F. J., Delgado, J. V. & Camacho, M. E.
(2021). Comparison of non-linear models to describe
the growth in the Andalusian turkey breed. ltalian
Journal of Animal Science, 20(1), 1156-1167. https://doi:
10.1080/1828051X.2021.1950054

Assan, N. (2015). Methodology and factors influencing the
association of body weight, performance parameters
with linear body measurements assessment in poultry.
Scientific Journal of Pure and Applied Sciences, 4,
200-210.

Berry, D. P.,, Horan, B. & Dillon, P. (2005). Comparison of
growth curves of three strains of female dairy cattle.
Animal Science, 80, 151-160. https://doi.org/10.1079/
ASC41790151

Carrijo, S. M. & Duarte, F. A. M. (1999). Description and
comparison of growth parameters in Chianina and
Nelore cattle breeds. Genetics and Molecular Biology,
22,187-196. https://www.scielo.br/j/gmb/a/WsqCvyt
3BZ3CLCKf53ftTTx/?lang=en

Climate Data. (2021). Retrieved from https://www.
climatedata.com on June 2, 2021.

Coyne, M. A,, Vaske, J. C., Boisvert, D. L. & Wright, J. P. (2015).
Sex differences in the stability of self-regulation across
childhood. Journal of Developmental and Life-Course



Slovak Journal of Animal Science, 55, 2022 (1-4): 1-13 | llori et al.: Original paper

Criminology, 1(1), 4-20. http:// 10.1007/s40865-015-0001-6

Durosaro, S. 0., Jeje, O. S., llori, B. M., lyasere, O. S. &
Ozoje, M. 0. (2021). Application of non-linear models
in description of growth of dual purpose FUNAAB
Alpha chickens. Journal of Agriculture and Rural
Development in the Tropics and Subtropics, 122(2),
147-158. https://doi.org/10.17170/kobra-202010191973

Ersoy, I. E., Mendes, M. & Aktan, S. (2005). Growth Curve
Establishment for American Bronze Turkeys. Archiv fur
Tierzucht, 49(3), 293-299. DOI:10.5194/aab-49-293-2006

FAO. (2009). The state of food and agriculture: livestock
in the balance. Rome, Italy.

France, J. & Thornley, J. H. M. (1984). Growth functions.
In: Mathematical Models in Agriculture. France, J. and
Thornley, J. H. M. ed. Butterworths, London. pp. 75-93.

Galeano-Vasco, L. F., Ceron-Munoz, M. F. & Narvaez-
Solarte, W. (2014). Ability of non-linear mixed models
to predict growth in laying hens. Revista Brasileria
de Zootecnia, 43(11), 573-578. https://www.scielo.
br/j/rbz/a/3ylcwGNFjC7rx6kxQrighsq/?lang=en

Galeano-Vasco, L. & Cerdn-Muiioz, M. F. (2013). Modelacién
del crecimiento de pollitas mediante el uso de redes
neuronales. Revista MVZ de Cordoba, 18, 3861-3867.
https://dialnet.unirioja.es/servlet/articulo?codigo=
4699438

Gbangboche, A. B., Glele-Kakai, R., Salifou, S., Albuquerque,
L. G. & Leroy, P. L. (2008). Comparison of non-linear
growth models to describe the growth curve in
West African Dwarf sheep. Animal, 2, 1003-1012.
DOI:10.1017/51751731108002206

Gompertz, B. (1825). On nature of the function expressive
of the law of human mortality, and on a new mode
of determining the value of life contingencies.
Philosophical Transactions of the Royal Society, 115,
513-585.

Google Maps. (2021). Federal University of Agriculture,
Abeokuta, Ogun State, Nigeria. Retrieved from https://
www.google.com.ng/maps/@7.223279,3.437235,14z
onJune 2, 2021.

Gossett, J., Simpson, P., Casey, P., Whiteside-Mansell, L.,
Bradley, R. & Jo, C. H. (2007). Growing Growth Curves
Using PROC MIXED and PROC NLMIXED. University of
Arkansas for Medical Sciences, Little, Rock, Arkansas

Grossman, M. & Bohren, B. B. (1985). Logistic growth
curve of chickens: heritability of parameters. Journal of
Heredity,76,459-462. https://doi:10.1093/oxfordjournals.
jhered.a110145

Grossman, M., Bohren, B.B. & Anderson, V. L. (1985). Logistic
growth curve of chickens: a comparison of techniques
to estimate parameters. Journal of Heredity, 76,

12

397-399. https://pubmed.ncbi.nlm.nih.gov/4056375/

llori, B. M., Peters, S. O., lkeobi, C. O. N., Bamgbose, A. M.,
Isidahomen, C. E. & Ozoje, M. 0. (2010). Comparative
assessment of growth in pure and crossbred turkeys
in a humid tropical environment. International
Journal of Poultry Science, 9, 368-375. DOI:10.3923/
ijps.2010.368.375

llori, B. M., Durosaro, S. O., Isidahomen, C. E., Uthman, N.
A., Komolafe, D. T., Akano, K. & Ozoje, M. 0. (2019).
Effect of Feather Color on Heat Tolerance Traits and
Growth Performance of Nigerian Indigenous Turkey.
The Pacific Journal of Science and Technology, 20(2),
231-240.

llori, B. M., Oguntade, D. O., Abiona, J. A., Durosaro S. O.,
Isidahomen, C. E. & Ozoje, M. 0. (2021). Genotypic
differences in body weight and physiological response
of local and exotic turkeys challenged with Salmonella
typhimurium. Journal of Agriculture and Rural
Development in the Tropics and Subtropics, 122(2),
219-230. https://doi.org/10.17170/kobra-202110274960

llori, B. M., Oguntade, D. O., Akano, K., Durosaro, S. O. &
Ozoje, M. 0. (2017). Reproductive performance, feed
intake and efficiency of indigenous and crossbred
turkeys. Journal of Agricultural Science and Environ-
ment, 18(1&2), 47-58.

llori, B. M., Peters, S. O., Yakubu, A., Imumorin, I. G.,
Adeleke, M. A., Ozoje, M. 0., lkeobi, C. O. N. &.
Adebambo, O. A. (2011). Physiological adaptation of
local, exotic and crossbred turkeys to the hot and
humid tropical environment of Nigeria. Acta Agriculturae
Scandinavica, Section A—Animal Science, 61(4),204-209.
http://dx.doi.org/10.1080/09064702.2012.656141

Judrez-Caratachea, A., Delgado-Hurtado, I., Gutiérrez-
Vazquez, E., Salas-Razo, G., Ortiz-Rodriguez, R. &
Segura-Correa, J. C. (2019). Describing the growth
curve of local turkey using non-linear models. Revista
MVZ Cordoba, 24(1). http://www.scielo.org.co/scielo.
php?script=sci_arttext&pid=50122-02682019000107104

Kizilkaya, K., Balcioglu, M. S., Yolcu, H. I. & Kabarag, K.
(2004). The application of exponential method in the
analysis of growth curves for Japanese quail. Archiv fiir
Geflugelkunde, 69(5), 193-198. https://www.semantic
scholar.org/paper/The-application-of-exponential-
method-in-the-of-for-Ki-Balci/176945e5729540299b6
4afda0841def279d89522

Kizilkaya, K., Balcioglu, M. S., Yolcu, H. I., Karabag, K. &
Geng, . H. (2006). Growth curve analysis using nonlinear
mixed model in divergently selected Japanese quails.
Archiv fiir Geflugelkunde, 70(4), 181-186. https://
www.european-poultry-science.com/Growth-curve-



Slovak Journal of Animal Science, 55, 2022 (1-4): 1-13 | llori et al.: Original paper

analysis-using-nonlinear-mixed-model-in-divergently-
selected-Japanese-quails,QUIEPTQyMTcyNTcmTUIEPT
E2MTAXNA.html

Laird, A. K. (1964). Dynamics of tumor growth. British
Journal of Cancer, 18,490-502. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC2071101/

Lake, P. E. (1962). Artificial Insemination in Poultry.
In: Maile, J. P. (eds). The Semen of the Animals and
Artificial Insemination. Commonwealth Agricultural
Bureau, Bucks, England, 331-335.

Lawrence, T. L. J. & Fowler, V. R. (2002). Growth of Farm
Animals, 2nd ed. CAB International, Wallingford, UK.

Lewis, R. M., Emmans, G. C. & Simm, G. (2002). A description
of the growth of sheep and its genetic analysis. Animal
Science, 74, 51-52. https://www.cambridge.org/core/
journals/animal-science/article/abs/description-of-
the-growth-of-sheep-and-its-genetic-analysis/OFF2E18
3D2DD833319332521F501E853

Mead, R., Curnow, R. N. & Hasted, A. M. (1993). Statistical
methods in agriculture and experimental biology.
Chapman and Hall, UK.

Mignon-Grasteau, S., Beaumont, C., Lebihan-Duval, E.,
Poivey, J. P., Derochambeau, H. & Richard, F. H. (1999).
Genetic parameters of growth curve parameters in male
and female chickens. British Poultry Science, 40,
44-51. https://doi.org/10.1080/00071669987827

Narinc, D., Karaman, E., Firat, M. Z. & Aksoy, T. (2017).
Comparison of Non-linear Growth Models to Describe
the Growth in Japanese Quail. Journal of Animal and
Veterinary Advances, 9(14), 1961-1966. https://doi:
10.3923/javaa.2010.1961.1966

Oleforuh-Okoleh, V. U., Kurutsi, R. F. & Ideozu, H. M.
(2017). Phenotypic evaluation of growth traits in two
Nigerian local chicken genotypes. Animal Research
International, 14(1), 2611-2618.

Ozoje, M. 0., Peters, S. 0. & Qjikutu, S. I. (2007). Analysis
of growth curve parameters of N'Dama cattle raised
in the humid tropics. Nigerian Journal of Animal
Production, 34(1), 1-13.

Pomar, C., van Milgen, J. & Remus, A. (2009). Applying
precision feeding techniques in growing-finishing pig
operations. Poultry and Swine Production. Revista
Brasileira de Zootecnia, 38(supl. especial), 226-237.
https://doi.org/10.1590/51516-35982009001300023

Richards, F. J. (1959). A flexible growth function for empirical
use. Journal of Experimental Botany, 10, 290-300.

Rivera-Torres, V., Ferket, P. R. & Sauvant, D. (2011). Mechanistic
modeling of turkey growth response to genotype and
nutrition. Journal of Animal Science, 89(10), 3170-88.
DOI: 10.2527/jas.2010-3504.

13

Rizzi, C., Contiero, B. & Cassandro, M. (2013). Growth
patterns of Italian local chicken populations. Poultry
Science, 92, 2226-2235. https://pubmed.ncbi.nim.
nih.gov/23873574/

Roush, W. B. & Branton, S. L. (2005). A Comparison of
Fitting Growth Models with a Genetic Algorithm and
Nonlinear Regression. Poultry Science, 84, 494-502.
DOI: 10.1093/ps/84.3.494

Segura-Correa, J. C., Santos-Ricalde, H. & Palma-Avila, I.
(2017). Nonlinear model to describe growth curves
of commercial turkey in the tropics of Mexico.
Brazilian Journal of Poultry Science, 19(1), 27-32.
https://www.scielo.br/j/rbca/a/qgNCRFHKqGYrWPw
KFNbsYrw/?lang=en

Sengul, T. & Kiraz, S. (2005). Non-Linear Model for Growth
Curves in Large White Turkeys. Turkish Journal of
Veterinary Animal Science, 29, 331-337. https://
dergipark.org.tr/tr/download/article-file/132781

Sezer, M. & Tarhan, S. (2005). Model parameters of growth
curves of three meat-type lines of Japanese quail.
Czech Journal of Animal Science, 50(1), 22-30. https://
www.agriculturejournals.cz/publicFiles/52512.pdf

Sogut, B., Celik, S., Ayasan, T. & Inci, H. (2016). Analyzing
Growth Curves of Turkeys Reared in Different Breeding
Systems (Intensive and Free-Range) with some Nonlinear
Models. Brazilian Journal of Poultry Science, 18(04) Oct-Dec
2016. https://doi.org/10.1590/1806-9061-2016-0263

Taylor, St. C. S. & Fitzhugh, H. A. Jr. (1971). Genetic relationships
between matured weights and time taken to mature
within a breed. Journal of Animal Science, 33, 726-735.
https://doi.org/10.2527/jas1971.334726x

Thornley, J. H. M. & France, J. (2007). Mathematical Models
in Agriculture: Quantitative Methods for the Plant,
Animal, and Ecological Sciences. 2nd ed. CABI Publishing,
Wallingford, UK.

Von Bertalanffy, L. (1957). Quantitative laws for metabolism
and growth. Quarterly Reviews of Biology, 32, 217-232.

Von Bertalanffy, L. (1960). Theoretische Biologie, Zweiter
Band: Stoffwechsel, Wachstum. A Francke A. G. Verlag,
Bern, Switzerland, 418 pp.

Zhao, Z. H., Li, S. F,, Huang, H. Y,, Li, C. M., Wang, Q. B. &
Xue, L. G. (2015). Comparative study on growth and
developmental model of indigenous chicken breeds
in China. Open Journal of Animal Science, 5, 219-223.
https://www.scirp.org/journal/paperinformation.aspx?
paperid=56006



