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Growth is a trait of economic importance in chicken genetic 

improvement that is often described by mathematical models having 

biologically significant parameters. The local chicken,commonly raised 

in rural areas of Togo, is generally described as a slow-growing 

chicken, but little is known about his growth parameters. Therefore, 

this study was designed to determine the nonlinear model that best 

describes the growth curve of local chickens. The Gompertz, Logistic 

and Richards growth models were used to fit growth weights recorded 

from 126 males and 150 female chickens using GCFIT program of 

SIMFIT package (version 8.1.4).Coefficient of determination (R
2
), 

mean square error (MSE), Akaike’s information criterion (AIC) and 

Bayesian information criterion (BIC) were used as criteria for models’ 

comparison. By estimating the highest value of R² and the lowest 

values of MSE, AIC and BIC, Gompertz model appeared to be the best-

fitting model for local chickens’growth. The estimated asymptotic 

weight was 1992 g for males and 1367 g for females. Thus, male and 

female chickens weighed 732.86g and 502.98g and aged 10.57 weeks 

and 9.77 weeks respectively at inflection point. Maturation rates of the 

chicks were similar (0.139 week
-1

 for males and 0.141 week
-1

for 

females). The growth parameters of this model may therefore be useful 

in defining selection criteria for local chickens in Togo. 

 
Copyright, IJAR, 2024,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Poultry plays a vital role in developing countries by providing protein through meat and eggs (Moula et al., 2013). 

Domesticated chickens (Gallus gallus domesticus) are the main poultry genetic resources worldwide and over 80 % 

of chicken populations in Sub-Saharan Africa are local chickens (Ngeno et al., 2015) which contribute to reduce 

malnutrition and alleviate poverty (Osei-Amponsah et al., 2015). Local chickens are the commonly raised poultry in 

Togoby about 79.3% of rural farming households, mainly for their own consumption and/or to generate additional 

income that can be easily mobilized to meet various needs (Talaki et al., 2020).These chickens, well-adapted in 

different agroecological zones,have beenreported to possesshigh phenotypic variability (Dao et al., 2015), 

highgenetic diversity but weak subpopulations structuring and therefore considered a unique mix genetics(Kossoga 
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et al., 2023). However, the availableinformation on the growth performance and growth curve parameters of these 

chickens are limited. 

 

Defined as any change in body size such as body weight or length per time unit (Narcinç et al., 2017), growth is 

considered a trait of economic importance for farm animals (Nguyen Hoang et al., 2021)and has become the main 

characteristic taken into account during genetic selection because of its significance in the production process and 

easy control procedures (Michalczuk et al., 2016). Thus, growth modelling consists of summarising the increase in 

body weight with age into simpler, biologically interpretable parameters using nonlinear growth models (Mata-

Estrada et al., 2020). These parameters can be very useful for predicting the expected body weights of a group of 

individuals at specific ages (Osei‐Amponsah et al., 2014) or for defining new selection criteria that take into account 

animals’ intrinsic specificities (Balafrej et al., 2020). Moreover, these parameters have been shown to be highly 

heritable and have been successfully used in selection studies(Mignon-Grasteau et al., 2000; Nguyen Hoang et al., 

2021). Thus, Michalczuk et al. (2016) andSariyel et al. (2017) considered that mathematical models applied to 

describe growth curves are useful tools in the analysis of results of genetic selection and depicting differences 

between genetic groups or for optimizing growth rate and appropriate feeding. 

 

Several nonlinear growth models with three or four parameters have been used to model the growth of different 

ecotypes of local chickens(Al-Ali et al., 2022; Mata-Estrada et al., 2020; N’dri et al., 2018; Osei‐Amponsah et al., 

2014; Rizzi et al., 2013; Yapi-Gnaore et al., 2011; Youssao et al., 2012; Zhao et al., 2015), but no specific model 

could be adequately fitted to the growth data of all ecotypes. Indeed, these growth models differ in their 

characteristics, level of complexity, number of parameters and quality of adaptation to different sets of weight 

records. Therefore, identifying the most suitable growth model is vital in the process of characterizing local chickens 

raised in Togo. Subsequently, this study was performed to compare Gompertz, Logistic and Richards in order to 

determine the most accurate for describing local chickens’ growth in Togo 

 

Materials and Methods:- 
Study site 

The study was carried out at ITRA's research station of Avétonou, located between latitudes 6°40' and 6°55' N and 

longitudes 0°40' and 0°55' E, in the Forest agroecological zone, characterised by a humid tropical climate with 

bimodal rainfall. The average monthly temperatures ranged from 25 to 31 degrees Celsius and relative humidity 

varied between 88 and 96%.  

 

Chicks and environmental conditions 

A total of 150 male and 172 female chicks that were healthy and wellconformed at hatching were selected and wing 

banded for easy identification and individual body weight recording. 

 

The chickens were raised from day 1 to 20 weeks of age on floor pens with deep wood shavings litter and supplied 

ad libitumfeed and water. They were fed two diets: a starter diet (hatching to 8 weeks) containing 20.88% crude 

protein (CP) and 2,900 kcal ME/kg and a grower diet (9-20 weeks) containing 18.61% CP and 2,846 kcal ME/kg. 

They were administrated all the required vaccinations and medications to prevent the occurrence of diseases. 

 

Data collection 

Individualchicken body weights were recorded every week from day 1 and to 20 weeks of age (i.e. 21 records per 

chicken). The initial body weight database consisted of 6,320 records from 312 chickens. Subsequently, records 

from chickens that had not reached 20 weeks of age were removed, and the final data set made of 5,796 body weight 

records (2,646 for males and 3,150 for females) was used for statistical analysis. 

 

Nonlinear growth models 

Three nonlinear growth models (Gompertz, Logistic and Richards) were selected for describing local chickens’ 

growth curve. Each model has a sigmoid curve with two phases separated by the inflection point. The mathematical 

equations of the models and formula used to estimate the age and the weight at inflection point are given in Table 1.  

 

Table 1:- Equations of growth curves and age and weight at inflection point for models used. 

Model Equation Age at inflection  weight at inflection 

Gompertz 𝑊𝑡 = 𝐴𝑒 −𝐵𝑒  −𝑘𝑡   (𝑙𝑛𝐵)/𝑘 𝐴/𝑒 
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Logistic 𝑊𝑡 = 𝐴  1 + 𝐵𝑒 −𝑘𝑡    (𝑙𝑛𝐵)/𝑘 𝐴/2 

Richards 𝑊𝑡 =  𝐴 1−𝑚 − 𝐵𝑒 −𝑘𝑡  
1

1−𝑚  𝑙𝑛⁡(
1

 1 − 𝑚 
𝐵) 𝑘  𝐴𝑚(

1

1−𝑚
)
 

Wt: Body weight (g) at the time t (week); A: Asymptotic or mature weight, which represents the limit of each model 

as age (t) tends to infinity; B: Integration constant related to the ratio of the hatch weight to the asymptotic weight; 

k: Maturation rate and represents the rate at which the weight tends towards the asymptotic weight;m: Shape 

parameter which determines the position of the inflection point relative to the asymptotic weight; e: Euler's number, 

the basis of the natural logarithm (2.7182818)(Osei-Amponsah et al., 2014 ; Bo et al., 2022).   

 

Statistical analysis 

Estimation of growth curve parameters for local chickens 

The Gompertz, Logistic and Richards models were fitted to the body weight records for each sex separately using 

the 'Fitting growth curve models' procedure in GCFIT program of SIMFIT package (version 8.1.4). The Levenberg-

Marquardt optimization method, which minimize the sums of the squared deviations between measured and fitted 

values, was used to estimate the growth parameters of the models 

 

Determination of the best-fitting model 

The best-fitting model was determined on the basis of four goodness-of-fit criteria including coefficient of 

determination (R
2
), mean square error (MSE), Akaike's Information Criterion (AIC) and Bayesian Information 

Criterion (BIC), which values were estimated for each model using formula presented in table 2. The best-fitting 

model was selected as the one with an R
2
 value close or equal to 1 and the smallest values of MSE, AIC and BIC.. 

 

Table 2:- Mathematical equations ofmodel’s goodness-of-fit criteria. 

Model selection criteria Abbreviation Formula 

Coefficient of determination R
2
 1 − 𝑆𝑆𝐸  𝑆𝑆𝑇 

Mean Square Error MSE  𝑆𝑆𝐸  (𝑁 − 𝐾) 
Akaike’s Information Criterion AIC  N ∗ ln⁡(𝑆𝑆𝐸  𝑁) + 2𝐾 

Bayesian Information Criterion  BIC  𝑁 ∗ ln 𝑆𝑆𝐸 𝑁  + 𝐾 ln 𝑁  
R

2
: Coefficient of determination; MSE: Mean square error; AIC: Akaike’s Information Criterion; BIC: Bayesian 

Information Criterion;SSE: Sum of squares of errors; SST:Sum of squares of total, N: Number of observations; K: 

number of parameters; ln:Natural logarithm (Sanusi and Oseni, 2020; Bo et al., 2022) 

 

The predicted weight of the Gompertz and Logistic models and the recorded weights were then plotted together for 

male and female local chickens separetly. 

 

Results:- 
Growth parameters of the local chickens estimated by the Gompertz, Logistic and Richards models 

The growth parameters (A, B, k and m) of the local chickens estimated by the three nonlinear models were shown by 

sex in Table 3. 

 

The asymptotic weights (parameter A) estimated by the Gompertz and Richards models were the highest for each 

sex of local chickens. For all models, males had the highest estimated asymptotic weights. In general, the estimated 

maturation rates (parameterk) were significantly different from 0 for all models and ranged from 0.139 to 0.402 for 

males and 0.141 to 0.384 for females, with the highest estimated by the Logistic model. For the Richards model, the 

shape parameter (m), which determines the position of the inflection point on the growth curve, was estimated to be 

lower but closer to 1. 

 

Table 3:- Growth curve parameter estimates (± SE) for male and female local chickens. 

Model Sex 
Parameters 

A (g) B k (week
-1

) m 

Gompertz 
Female 1367,2±33,4 3,97±0,02 0,141±0,003 - 

Male 1992,1±47,4 4,35±0,02 0,139±0,002 - 

Logistic 
Female 970,0±24,0 32,34±1,1 0,384±0,008 - 

Male 1339,7±36,5 44,4±1,7 0,402±0,008 - 

Richards Female 1367,7±73,6 0,002±0,02 0,141±0,014 0,9996 
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Male 1992,5±104,6 0,001±0,01 0,139±0,017 0,9998 

A:Asymptotic weight, representing mature body weight; B:Integration constant;k: Maturation rate (k); m:Shape 

parameter influencing the point of inflection; M±SE: Mean plus or minus standard error of the mean (Bo et al., 

2022) 

 

Furthermore, compared to the Gompertz estimates, the Richards model estimated similar ages and weights at 

different growth phases (Table 4), while the Logistic model estimated the lowest ages and weights. This is reflected 

in growth curves of male and female local chickens showing early maturity, with lower asymptotic weights for the 

Logistic model (Figures 1)).  

 

Table 4:- Age (weeks) and weight (g) of male and female local chickens estimated at the different growth phases 

using the Gompertz, Logistic and Richards models. 

Model Sex 

Start of growth 

acceleration phase
1
 

Inflection point
2
 

End of growth 

deceleration phase
3
 

Age Weight Age Weight Age Weight 

Gompertz 
Female 3,9 137 9,8 503 25,7 1230 

Male 4,5 199 10,6 733 26,8 1793 

Logistic 
Female 3,3 97 9,1 485 14,8 873 

Male 4,0 134 9,4 670 14,9 1206 

Richards 
Female 3,9 137 9,8 503 25,7 1230 

Male 4,5 199 10,6 733 26,8 1793 
1
Age at which the chick attains 10% of its final body weight and represents the beginning of the growth acceleration 

phase (Osei-Amponsah et al., 2014; Bo et al., 2022) 
2
Representsthe end of the growth acceleration phase and the beginning of the deceleration phase (Osei-Amponsah et 

al., 2014; Bo et al., 2022). 
3
Age at which the chick attains 90% of its final body weight and represents the end of the growth deceleration phase 

(Osei-Amponsah et al., 2014; Bo et al., 2022). 

 

Determination of the best-fitting model for local chickens’ growth data 

The goodness-of-fit criteria (R², MSE, AIC and BIC) values obtained with the three growth models are shown in 

Table 5. The three nonlinear models perfectly fit the local chickens’ growth data, each having R² value greater than 

0.97for each sex. The Logistic model showed theworst quality of fit, estimating the highest values of the MSE, AIC 

and BIC.On the other hand, the Gompertz model gave the lowest values of MSE, AIC and BIC (values in Bold in 

table 5). Therefore, the Gompertz model seems to be the best-fitting model for local chickens’ growth data.  

 

Table 5:- Goodness-of-fit criteria values obtained with the Gompertz, Logistic and Richards models for each sex 

Model Sex  R² MSE AIC BIC 

Gompertz 
Female 0.9938 4.0978 352.8019 353.0166 

Male 0.9947 2.7253 327.1050 327.3197 

Logistic Female 0.9814 15.0925 434.9383 435.1530 

 Male 0.9783 13.4682 427.7646 427.9793 

Richards Female 0.9938 4.1686 354.8223 355.1086 

 Male 0.9947 2.7723 329.1252 329.4115 

R
2
: Coefficient of determination; MSE: Mean square error; AIC:Akaike’s Information Criterion;BIC: Bayesian 

Information Criterion(Bo et al., 2022) 
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Figure 1:- Growth curves of male and female chickens according to Gompertz and Logistic models in comparison 

to the observed data. 

 

Discussion:- 
The Gompertz, Logistic and Richards models were usedin this study to determine the mostappropriate for describing 

the growth curve of local chickens raised in Togo. These models, along with the Von Bertalanffy model, are the 

main used formodelling the growth of domestic poultry (Narinç et al., 2017). In result, the Gompertz model 

appeared to be the best-fitting model for male and female chickens. This result is similar to the previous reports 

thathad also founded the Gompertz to be the best for modelling chicken growth (Moula et al., 2011; Al-Nasrawi, 

2013; Zhao et al., 2015; Michalczuk et al., 2016; Sariyel et al., 2017; Bayu Putra et al., 2021; Nguyen Hoang et al., 

2021; Al-Ali et al., 2022; Zárate-Contreras et al., 2022).  However, our result is different from those of some authors 

who reported Richards model(Rizzi et al., 2013; Osei‐Amponsah et al., 2014; Machado et al., 2023, Nguyen et al, 

2023) or Logistic model(Eleroğlu et al., 2014; Adenaike et al., 2017) or Von Bertalanffy(Mata-Estrada et al., 2020; 

Kumar et al., 2022a)best describing the growth of local chickens or slow-growing broilers. Other authors reported 

that the Gompertz and Von Bertalanffy(Sanusi and Oseni, 2020), Gompertz and Bridges (Bo et al., 2022), Logistic 

and Gompertz (Kumar et al., 2022b) or Gompertz and Logistic (Kausar et al., 2016) models were the best at 

describing the growth of chickens of different strains. 

 

The differences observed between the different results regarding the model(s) that best fit the chicken growth data 

could be due to differences in the genetic potential of the chickens studied, differences in the interval between 

successive data recordings or differences in the data recording periods (Zárate-Contreras et al., 2022) as well as the 

environmental variables (feed, pathological conditions and other factors) that prevailed during the studies (Kumar et 

al., 2022a). 

 

Eleroğlu et al. (2014) suggested that once the best growth model has been selected, parameters including asymptotic 

weight, maturation rate and age of maximum growth (age at inflection point) could be manipulated by geneticists to 

improve performance.  These parameters are also useful for comparing different results from studies using the same 

models. 
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Thus, the asymptotic weights (parameter A) estimated using the Gompetz model are comparable to the values 

reported by Osei‐Amponsah et al. (2014) for local Ghanaian male (1,777 g) and female (1,322 g) chickens. 

However, the asymptotic weights estimated using the Gompertz model are higher than the results reported by Ait 

Kaki and Moula (2013) for local Kabyle chickens (675.3 to 886 g), N’dri et al. (2018) for local Ivorian chickens 

(823.7 g), Nguyen Hoang et al. (2021) for Vietnamese Ri chickens (1181.70 to 1620.83 g),), Abe et al. (2022) for 

local Nigerian chickens and locally adapted genotypes (1446 to 1627 g) and Faraji-Arough et al. (2019) for Iranian 

Khazak chickens (1051.77 g for females and 1285.42 g for males). Nevertheless, asymptotic weights estimated of 

over 2000 g for males and 1500 g for females have been estimated using the Gompertz model for local chicken 

ecotypes in various countries : China (Zhao et al., 2015), Côte d’Ivoire (Yapi-Gnaore et al., 2011), India (Kumar et 

al., 2022a), Iran (Nyesi et al., 2023), Iraq (Al-Ali et al., 2022), Italy (Rizzi et al., 2013; Selvaggi et al., 2015), 

Mexico (Mata-Estrada et al., 2020; Zárate-Contreras et al., 2022), Niger (Guisso Taffa et al., 2023), Nigeria (Ridho 

et al., 2021; Sanusi and Oseni, 2020) and Vietnam (Moula et al., 2011; Nguyen Hoang et al., 2021; Bo et al., 2022). 

 

For the maturation rate (parameter k), the values estimated by the Gompertz model in this study (0.139 to 0.141 

week
-1

) were comparable to the results reported by Yapi-Gnaore et al. (2011), Ndegwa et al. (2012),Rizzi et al. 

(2013), Osei‐Amponsah et al. (2014),Selvaggi et al. (2015), Faraji-Arough et al. (2019),Mata-Estrada et al. 

(2020),Nguyen Hoang et al. (2021),Al-Ali et al. (2022) andGuisso Taffa et al. (2023).Our results were higher than 

those obtained by (Sanusi and Oseni, 2020) (k = 0.013 week
-1

), (Kumar et al., 2022a) (k = 0.016 to 0.018 week
-1

) 

and Ridho et al. (2021) (k = 0.013 to 0.010 week
-1

). On the other hand,Ait Kaki and Moula (2013), Nguyen Hoang 

et al. (2021), Bo et al. (2022) and Kumar et al. (2022b) reported k values ranging from 0.026 to 0.034 week
-1

 for 

males and 0.024 to 0.036 week
-1

for females, which were higher than our results. The parameter k is an indicator of 

how fast the asymptotic weight is approched, and a high value of k indicates reaching adult weight at a young 

age(Güler et al., 2023). Thus,local chickens reach their adult weight at an advanced age, as indicated by the 

relatively low values obtained in this study. Furthermore, the highest estimates of parameter k generally coincided 

with the lowest estimates of parameter A. 

 

The age at inflection point obtainedusing the Gompertz model for local chickens is similar to results reported by 

Yapi-Gnaore et al. (2011) for local chickens of savannah and forest ecotypes in Côte d'Ivoire,Osei‐Amponsah et al., 

2014 for local chicken ecotypes in Ghana,Faraji-Arough et al. (2019) for local Khazak chickens in Iran, and Al-Ali 

et al. (2022) for local Iraqi chickens in Iraq. However, our estimated values were lower than those obtained for other 

local chicken ecotypes(Selvaggi et al., 2015; Sanusi and Oseni, 2020; Guisso Taffa et al., 2023). On the other hand, 

the estimated values for the male: female pair were higher than those of 9.9:8.7; 9.3:8.5; 8.3:7.9 and 7.6:6.9 weeks 

reported by Mata-Estrada et al. (2020), Nguyen Hoang et al. (2021), Bo et al. (2022) and Nguyen et al. (2023) for 

local Creole chickens from Mexico, Mia chickens from Vietnam and Ri chickens from Vietnam, respectively.  

 

Conclusion:- 
The present study compared the Gompertz, Logistic and Richards models to determine the most appropriate model 

for describing the growth of local chickens raised in Togo. On the basis of the R², AIC and BIC criteria, the 

Gompertz model best fit the growth data of male and female local chickens. This growth model estimated the 

asymptotic weight, maturation rate and age of maximum growth to be 1992 g, 0.139 week
-1

 and 10.57 weeks for 

males and 1367 g, 0.141 week
-1

 and 9.77 weeks for females. The growth parameters obtained from this model may 

therefore be useful in defining selection criteria for local chickens in Togo. 
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