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ABSTRACT

Mathematical growth functions can explain the factors influencing an animal's growth pattern. However, there remains
limited understanding of the growth curve of Kadaknath chickens, which is crucial for optimizing management and
feeding practices. Therefore, this study aimed to determine the growth curve of indigenous Kadaknath chickens' body
weight using four growth curve models: Logistic, Gompertz, Von Bertalanffy, and Richard. We analyzed 96 birds for
this study. The models were fitted using Curve Expert and Minitab software, and we compared them based on Akaike’s
information, Bayesian information, adjusted R%, and RMSE criteria. The research revealed that the Gompertz and
Richard models had higher coefficients of determination (R?) and lower RMSE values in both sexes compared to other
models. The age at the inflection point was estimated to be between 11 to 17.5 weeks for males and 9 to 11.4 weeks for
females. According to the Richard model, adult male birds weighed 2157g, and females weighed 1297g. In the Gompertz
model, male birds weighed 2186g, and females weighed 1468g. The inflection weight of birds in the Richard model was
estimated to be 797.53g for males and 519.66g for females, while in the Gompertz model, it was 803.67g for males and
510g for females. In conclusion, our study determined that the Gompertz model is a reliable predictor of the body weight
of male and female Kadaknath chickens from hatching to adulthood. The Richard model also demonstrated high
reliability, albeit slightly behind the Gompertz model in predictive accuracy.
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INTRODUCTION Madhya Pradesh (MP), as well as in the neighboring

areas of Gujarat and Rajasthan in the Indian state. This

Domestication of chickens (Gallus gallus variety naturally adapted to the regional agroecosystem
domesticus) began around 9,900 B.C. (Sawai et al., via generations of selective breeding. When compared to
2010), and today chickens are an important part of other exotic poultry breeds in their natural environment
agriculture in many countries. Since chickens are India's and when allowed to roam freel.y,. the Kadgknath birds
principal source of eggs and meat, they provide a show a remarkable degree of resilience to disease. Poor
significant contribution to the country's agricultural housing, inept management, and inadequate nutrition are

output. The highly structured commercial sector of all things that the Kadaknath bird can tolerate (Thakur et

India's poultry industry accounts for over 80% of the al., 209§)~ The Kadaknath br@ed is re.puted to have
market share, while the unorganized sector accounts for aphrodisiac powers due to its high protein content (Rao
roughly 20%, as described by the country's National and Thomus, 1984). The dark flesh, textu.re, taste, and
Action Plan, 2022. Backyard poultry, which is part of the flavor of the Kadaknath breed make it a famous

unorganized sector, is an important way for the poor to indigenous breed of India. Black Meat Chickens come in
earn extra money and feed their families. As per 19 three distinct varieties around the world. Kadaknath is
Livestock Census estimates, There are around 30 million from India, Silkie i_S from China, and Ayyam Cemani
farmers who raise poultry in their backyards, and that comes from Indopesm. _ )
there are 729 million chickens worldwide, with 30% ) From blﬁh to maturity, ammall deyelopment
being layers and 40% being broilers. involves a wide range of physiological and
Kadaknath chickens are a special kind of morphological processes. Chicken growth curve models
indigenous chicken that are found in the Jhabua region of often use a mathematical fit to empirical data on weight

measurements taken at various stages of development. In
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order to summarize the development of animals,
scientists have turned to mathematical formulac and
growth curves that yield numbers with biological
meaning. The starting mass, growth rate, inflection point,
and asymptotic mature weight can all be estimated with
the use of these models for the growth curve. Researchers
can use these growth curve models to get a quantitative
read on the sizing and maturation traits of various
chicken breeds, as well as the effects of various
management strategies and diets on growth, the best time
to slaughter, and the expected carcass weight.
Professionals in the poultry industry may optimize
production methods, create nutritious feeding plans, and
boost output by analyzing growth patterns. The growth
curves of livestock can be estimated using a variety of
models, including the Brody, Bertalanffy, Gompertz,
Logistic, Richards, and Weibull models (Rickleft, 1968).
Estimating the growth curve model in Kadaknath
chickens using the Logistic, Gompertz, Richard, and
Bertalanffy models is important for developing a uniform
method of managing this breed. Due to the scarcity of
data on the growth curve of Kadaknath chickens, this
research is crucial for knowing their development habits
and pinpointing their hereditary potential.

MATERIALS AND METHODS

Location: The study involved 96 Kadaknath birds (48
males and 48 females) at the Livestock Farm Complex,
College of Veterinary & Animal Science, Udaipur,
Rajasthan University of Veterinary and Animal Sciences,
Bikaner, India.

Experimental Housing and Feeding Management:
Dark gravel covered the floor of the abandoned structure.
The cages and troughs used in the experiment were
cleaned, disinfected, and sprayed for external parasites
before introducing the animals. The experimental chicks
received identical care and management, and thorough
sanitation measures were implemented throughout the
trial period in accordance with regulations. On the day of
hatch, the chicks were weighed, wing banded for simple
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identification, and randomly allocated to brooding
quarters. Body weights were assessed at weekly intervals
from birth to 14 weeks of age for all 96 chickens, all of
which survived from birth to 14 weeks of age. They were
brooded and raised for 14 weeks on diets recommended
by NRC, 1994 for chicks and growing pullets. The birds
received the necessary immunizations and treatments
according to the protocol. Local understanding of
Kadaknath chicken growth inspired the decision to select
chickens at 14 weeks of age. To prepare for the
assessment of growth functions, we used the following
linear model to assess the relevance of fixed factors, such
as weeks, sex, and their interaction on body weight:
Yijk =,Ll+TL' +Sj+Ti*Sj+eij

Where Yij is the body weight at i week of the
k™ animal with sex j™, p is the overall mean, 7; is the
fixed effect of week 7, Sj is the fixed effect of sex j, 7i*S;
is the interaction between week i and sex j, and e; is
residual error. The model was fitted using Minitab
software and the significant effects were stated at p<0.05.

Growth function and estimates: The majority of the
asymptotic and mechanistic mathematical functions that
have been used for modeling the growth of chickens are
ubiquitous. In these models, the variable that is the
dependent one is assumed to have an asymptotic value as
the independent variable approaches infinity, taking into
account the physiological development of an organism.
Although most of these growth models have a sigmoid
structure and apply non-linear functions, the rates at
which they grow might vary (Darmani Kuhi ef al., 2010;
Narinc et al., 2017).

The three-parameter Gompertz (Gompertz,
1825), Logistic (Pearl, 1977), and von Bertalanffy models
as well as the four-parameter Richards (Richard and
Kavanagh, 1945) functions are the non-linear regression
models that are most frequently used to predict chicken
growth. Table 1 shows the equations for the von
Bertalanffy, Gompertz, Logistic, and Richards growth
models as well as their coordinates for the point of
inflection.

Table 1: Expression and point of inflection of commonly growth curve models used in this study (Goshu and

Koya, 2013).
Model Equations Weight of inflection (W) Time of inflection (73)
A 1
Logistic Y, =— A 1
. t T T4 Be ke /2 llclogB
Gompertz Y, = Ae~B exp(=kt) 4/, A logB
: kt 1" 1
Richard Y, = A(1 — Be~ktym ali- _] —log[mB]
m
1
Von Bertalanffy Y, = A(1 — e k)3 (8/27)A % log(3B)
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Note: In the equation, Y; body weight in g at the time t, 4
is the asymptotic weight in g (mature body weight the
animal is assumed to be able to reach); B is the biological
parameters about the shape of the curve (characterize the
first part of growth before the point of inflection); k is the
biological parameters about the maturing rate (g/week)
(characterize the second part in which growth rate
decreases until the animal reaches the asymptotic or
mature weight 4); m is the shape parameter (determine
the position of the curve point inflection); e is the natural
constant (2.72) and ¢ is the time (week).

Table 2: Goodness-of-fit statistics:
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Goodness-of-Fit criteria: In some instances, the
application of a model is not adequately supported, and in
fact, a number of competing models may appear to match
the data equally well. Therefore, it is important to
understand the criteria that can be used to compare the
degree of accuracy of fit of several competing models
(Narinc et al., 2010; Karadas et al., 2017; Narinc et al.,
2017). The non-linear equations comparison using the
goodness-of-fit criteria is shown in table 2.

The goodness-of-fit criteria used for non-linear regression equations are presented in Table 2 (Naring et al., 2017;

Nguyen et al., 2023).

Goodness-of-Fit Criteria Formula
Coefficient of Determination RZ = 1— (555 )
. - } 515T
Adjusted R -
J Rip = R = [(n - k) (1= Rz)]
SSE
Mean Square Error MSE = —
Root Mean Square Error n a2
RMSE = [Zi=1(% ) ]
n—k

Akaike’s Information Criterion

Bayesian Information Criterion

SSE
AIC =n.ln (T) + 2k

SSE
BIC =n.ln (T) + k.In(n)

Note: SSE: sum of square errors; SST: total sum of squares; n: number of observations; k: the number of parameters; yi: The actual
(observed) value of the dependent variable. ¥i: The predicted value of the dependent variable. A growth curve with a high coefficient
of determination (R?) and a low MSE, RMSE, AIC and BIC value can be inferred to be accurate for predicting body weight from birth

to maturity.

The growth curves of the Logistic, Gompertz,
Richard and Bertalanffy models were derived male and
female separately using Curve Expert 2.7.3, Minitab
software and similar methods were applied for fitting the
models.

RESULTS

The descriptive statistics for body weights at
various ages (0 to 14 weeks) for males and females of
Kadaknath chickens are shown in Tables 3. Males' body
weight headed from 26.93g to 997.32g, and female
weight increased from 25.39¢g to 891.83g. The findings of
the linear model showed that sex, week, and their
interactions significantly (p<0.05) affected body weight.
It had a low coefficient of variation. Across all age
categories, the estimated least square means for male
body weight were consistently higher than those for
females. Further analysis was conducted using growth
curve models, including the Logistic, Gompertz, Von
Bertalanffy, and Richard models. Table 4 and Table 5
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present the growth curve parameters, calculated inflection
point, and goodness-of-fit criteria for each model. These
parameters were used to assess whether the models
adequately described the relationship between age and
body weight in growing Kadaknath chickens (both males
and females). Figures 1 and 2 depict the estimated non-
linear model growth pattern along with the curve of the
observed body weights for male and female chickens,
respectively.

Female Growth modeling: Gompertz and Richard
models provided a better match for the data than logistic
and Von Bertalanffy equations, according to a
comparison of models based on the adjusted coefficient
of determination (Adj. R?) (99.55 and 99.52 vs. 99.40 and
99.44, respectively). The R? trend showed a similar
pattern. To further support this conclusion, it is necessary
to consider the MSE, RMSE, AIC, and BIC values. The
Gompertz and Richard models had lower MSE and
RMSE values as well as smaller AIC and BIC values, it
indicated that these models have the best fitting to the
observed body weight data. AIC and BIC were useful for
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model selection, considering the trade-off between model
complexity and goodness-of-fit. Lower AIC and BIC
values indicate a better fit while penalizing overly
complex models. The functions ranked based on AIC, the
Gompertz model showed the smaller value followed by
Richard, Bertalanffy and Logistic models. In this regards
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Fig. 1, which supports these conclusions, it can be seen
that the Gompertz and Richard model accurately
described the growth pattern of female birds. In contrast,
the logistic model slightly overestimated initial body
weight and underestimated final body weight.

Table 3: The Average of body weight (g) and standard error in Kadaknath chickens.

Age Body weight (g) £ SE

(week) Male (N=48) Mean (N=48)
0 26.93+0.15 25.39+0.15
1 37.18+0.58 35.61+0.47
2 51.63+0.09 50.25+0.07
3 73.70+0.05 71.94+0.05
4 117.93+0.04 116.37+0.06
5 144.41+0.06 143.58+0.08
6 232.94+0.12 231.84+0.05
7 351.99+0.06 350.07+0.04
8 441.70+0.12 440.42+0.07
9 537.07+0.05 535.40+0.31
10 647.25+0.06 615.01+0.52
11 699.81+0.17 669.40+0.07
12 832.47+0.06 790.93+0.07
13 997.32+0.44 891.83+0.45

N: Number of birds, *Sex had significant effect (P<0.05)
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Male Growth modeling: The results showed that
Gompertz and Bertalanffy functions offer the best fit to
the data based on R? and Adjusted R2. Additionally, the
Root Mean Square Error (RMSE) values for the
Gompertz and Bertalanffy functions were nearly the same
and lower (23.90 and 24.40), respectively) compared to
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the Richard and logistic model (25.08 and 28.92). A
lower RMSE value indicates that the Gompertz and
Bertalanffy models' predictions are closer to the actual
data points, suggesting that they provide a better fit to the
observed growth patterns of male chickens. Furthermore,
Gompertz had the lowest AIC when fitting the growth
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equations, followed by Bertalanffy, Richard, and Logistic
models. In contrast, the logistic model, while having the
highest RMSE and higher AIC, also exhibited biases in
its predictions for the overestimates of initial and
underestimates of final body weights of male chickens.
Fig. 2 visually showed that the Gompertz and Bertalanffy
functions' predictions aligned well with the actual growth
data for male birds, indicating that these models are
reliable in describing the growth patterns observed in the
dataset.
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Inflection Point Traits: Table 4 presents the estimated
weight and age at the inflection point. The age at the
inflection point (77) indicates the period of highest
growth rate of live weight over time. An inflection point
is a location on a curve where the curvature shifts its
direction. When considering growth patterns or other data
curves, it typically signifies a transition from one phase to
another.
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T; values obtained using the Gompertz model
(4.04 and 3.36 week for male and female Kadaknath
chickens, respectively) were lower than those estimated
using the Bertalanffy, Richards and Gompertz functions,
which were higher for both sexes. The weight at the
inflection point (Wi) peaked when using the Bertalanffy
function, reaching 1426 g for males and 650 g for
females among Kadaknath chickens. Following this,
similar trends were observed with the Gompertz,
Richards, and Logistic models for both male and female
chickens. It's worth noting that male chickens exhibited
higher asymptotic weight and inflection point weight
compared to females.

The logistic model yielded the lowest predicted
asymptotic weight in male and female Kadaknath (1257
and 1020 g, respectively), whereas the Von Bertalanffy
model yielded the greatest (4816 and 2194 g,
respectively) (Table 5). Similar male maturation rates (k)
(0.14) were found in the model by Gompertz and
Richard. In both sexes, the logistic model yielded the
highest results, while the Bertalanffy model yielded the
lowest. Hens outgrew cocks in every simulation. The
predicted female maturation rate (k) was 0.41, 0.18, 0.09,
and 0.22 for the logistic, Gompertz, Von Bertalanffy, and
Richard models, respectively (Table 4). There were also
differences in the values of the constant (B) and the shape
parameters (m) between the sexes and models.

Table 4: Estimated parameters for growth curve models in Kadaknath Chickens.

Model Male Female
A B K m T; W; A B K m T; Wi
Logistic 1257+117.10 5839  0.37 - 11 628.50 1020+58.02 58.73 041 - 10 510.0
Gompertz 2186+437.81 1.76 0.14 - 12.57  803.68 1468+168.4 1.81 0.18 - 10.25  539.71
Bertalanffy 4816+2367.1 0.95 0.06 - 17.5 1426.96 2194+58.02 1 0.09 - 114 650.07
Richard 2157+1431.1 -0.05 0.14 - 11.6 797.53 1297+308.1 -1.44 022 - 9.0 519.66
98.54 5.2

A: the mature body weight (g); B: biological parameter about the shape of curve; k: maturing rate (g/week); t: age in week; m: shape

parameter; Wi: weight of inflection (g); 7i: time of inflection (week).
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Table 5: Goodness of fit of growth curve models for body weights in males and females in Kadaknath Chickens

Model Male Female
AIC BIC MSE RMSE R? Adj. AIC BIC MSE RMSE R? Adj.
R’ R’
Logistic 96.83 98.74 836.09 2892 9933 9921 90.88 92.80 546.88 23.39 9949 99.40

Gompertz 91.49 9341 57130 2390 99.55 99.46 8691 88.83 411.88 20.29 99.62 99.55
Bertalanffy ~ 92.14 94.06 598.46 2440 99.52 9943 89.80 91.72 506.25 2250 99.53 99.44
Richard 93.51 96.06 62894 25.08 99.54 99.40 88.47 91.03 439.02 20.95 99.63 99.52

Note: AIC: Akaike’s information criterion; BIC: Bayesian information criterion; RMSE: Root mean square; R%: Coefficient of
determination and Adjusted R2.

DISCUSSION (Selvaggi et al., 2015), which were 5661 g for females
and 5870 g for males.

The Kadaknath breed holds significance in After the maximal growth rate, the parameter
preserving India's indigenous genetic heritage due to its measures the maturation rate (k) or the growth speed to
prized attributes, including the quality of its black meat, attain the asymptomatic weight. Researchers need to
texture, and flavor. Despite its importance, there's a lack learn more about its biology in the future so that they can
of available data on the breed's development and better predict the rate at which it will mature, which is
productivity. Various growth models have been explored crucial for informing farmers' management decisiqns
to predict maximal growth rates, age, and eventual weight (Nguyen et al., 2021). Producers looking for animals with
in animals (Selvaggi et al., 2015; Narinc et al., 2017; ~ lower energy needs may find that early maturity and
Meta-Estrada et al., 2020). However, inconsistencies in lower mature weight are beneficial, depending on their
model performance across research studies arise from breeding and marketing goals. Females had a slightly
differences in sample sizes, breeds studied, and higher value from the Gompertz model than males; these
methodological approaches. In this study, we utilized values were comparable to those found in the Chinese

models proposed by Gompertz, Bertalanffy, Richards, Yellow chicken ('0.13 g/week for males; Yang et al.,
and Verhulst to enhance the genetic characteristics of 2006) and the Mia Chicken (0.15 g/week for females;

Kadaknath chickens. Nguyen et al., 2021).

Our findings revealed the Gompertz growth In the context of growth curve modeling, the
model as the most suitable for analyzing their inflection point marks a significant transition where the
development, exhibiting close alignment with live-weight growth rate changes direction, providing valuable
data for both male and female chickens. Notably, the insights into age and weight at puberty. Our study found
Gompertz equation requires fewer parameters compared that male Kadaknath chickens exhibited a higher mature
to the Richards function. Studies by (Norris et al., 2007; ~ body weight compared to females, which aligns with

Rizzi et al., 2013; Selvaggi et al., 2015; Narinc et al., ~ Previous research findings (Norris ez al., 2007; Mata-

2017; Mata-Estrada et al., 2020; Nguyen et al., 2021; ~ Estrada et al., 2020; Nguyen ef al., 2023). However,
Ridho ef al., 2021; Mustafa et al., 2022) support the use female Kadaknath chickens reached puberty earlier than

of the Gompertz growth curve for poultry growth males. Individuals reaching maximum weight at younger
analysis. However, discrepancies in its applicability may ages tend to achieve a lower mature body weight due to
arise due to various factors such as breed variation, bird the inverse correlation between the rate of maturity and
sex, feeding strategies, environmental conditions, mature body weight. ) _ _ )
sampling methods, and statistical considerations. The age and weight at the inflection point for
The observed traits, typical of slow-growing Kadaknath chlckeps .showed s1.m11ar values to those
chicken breeds, are consistent with the growth metrics reported for other indigenous chicken breeds (Miguel ez

and trends observed in our study's sample population, as al., 2008; Rizzi et al., 2013; Nguyen et al., 20_21.)-
discussed earlier. Specifically, the estimated asymptotic However, (Mustafa ez al., 2022) found that the logistic

weights (4) in our research closely mirror those model estimated the time of inflection earlier compared
documented for slow-growing populations (Ahmadi and to the Gompert;, Bertalanffy, and Brody models in Iraqi
Golian, 2008; Rizzi et al., 2013; Selvaggi et al., 2015). indigenous chickens. Given the rapid development
Employing the Gompertz model, male and female typical in chickens, recent literature, including studies by

Kadaknath chickens demonstrated estimated weights of (Sakomura ez al., 2011; Selvaggi et gl., 20.15§ Zhao etal.,
2186 g and 1468 g, respectively, similar to the 2623 g 2015), reports a very low age at the inflection point.

and 1537 g recorded for male and female Mia chickens ~ Table 4 illustrates that, for Kadaknath chickens,
from Vietnam (Nguyen e al., 2021). However, these the weight of inflection (Wi) constitutes 36.8% of the
values are substantially lower than those reported by mature body weight according to the Gompertz model,

1017



Gautam

50% according to the Logistic model, and 29.6%
according to the Von Bertalanffy model for both sexes.
Moreover, it accounts for 37.1% and 40.1% according to
the Richard model in males and females, respectively.
These findings enhance our understanding of the feeding
requirements for Kadaknath chickens. Due to the
divergent growth rates between males and females, it is
advisable to rear them separately and adjust the feed
formulation at 12 weeks for males and 10 weeks for
females, as per predictions from the Gompertz, Richard,
and Logistic models. This recommendation is supported
by the fact that the average body weight of males may be
46% higher than that of females. In addition, conserving
local poultry populations is vital for enhancing poultry
biodiversity. Research on endangered subpopulations, as
noted by (Sossidou et al., 2011; Thiruvenkadan et al.,
2011; Selvaggi et al., 2015), not only helps understand
"backyard chickens" within these communities but also
offers valuable insights into conservation strategies for
preserving genetic diversity within poultry breeds.

Conclusions: The study conducted a comprehensive
analysis of Kadaknath chicken growth patterns up to 14
weeks, highlighting consistent weight gains with males
slightly heavier than females. Our linear models
confirmed that sex and week are significant factors
influencing body weight. By employing various growth
curve models, such as Logistic, Gompertz, Von
Bertalanffy, and Richard models, the study found the
Gompertz model to be most effective in predicting the
maximum live weights, with males reaching 2186 grams
and females 1468 grams. Moreover, the Gompertz model
estimated maturation rates at 0.14 grams per week for
males and 0.18 grams per week for females. These
findings underscore the crucial role of accurate growth
models in poultry management, recommending tailored
feeding strategies and management practices for optimal
growth potential. The study advocates for further research
to deepen our understanding of Kadaknath chicken
biology and enhance production practices in poultry
farming.

Acknowledgements: The author gratefully
acknowledges the In-charge, Livestock farm complex,
College of Veterinary & Animal Science, Navania,
Udaipur (Rajasthan) for support and providing the animal
data for this study.

Data availability: All the data recorded during the
current study are mentioned in the manuscript

Author contribution: The study's concept, design,
manuscript and data analysis was carried out by Gautam
L.

Funding: No financial support was needed because the
research trail was carried out at running unit of Livestock
of the College of Veterinary and Animal Science,

1018

J. Anim. Plant Sci., 34 (4) 2024

Navania, Udaipur (Rajasthan University of Veterinary
and Animal sciences, Bikaner) India.

Declarations

Ethics approval: The study was approved by the
Institutional Animal Ethics Committee (IAEC), which
was set up in accordance with order no.
IAEC/RES/01/07. Ethics for treating animals with respect
were strictly adhered to throughout the entire procedure.

Conflict of interests: The authors declared no potential
conflicts of interest concerning the research, authorship,
and/or publication of this article.

REFERENCES

Ahmadi, H. and A. Golian (2008). Non-linear

hyperbolastic growth models for describing

growth curve in classical strain of broiler

chickens. Res. J. Biol. Sci. 3(11): 1300-1304.

Darmani, K., H. Porter, T. Lopez, S. Kebreab, A. B.
Strathe, A. Dumas, J. Dijkstra and J. France
(2010). A review of mathematical functions for
the analysis of growth in poultry. World’s Poult.
Sci. J- 66(02): 227-239.
doi: 10.1017/S0043933910000280.

Gompertz, B. (1825). On the nature of function
expressive of the low of human mortality, and
on a new mode of determining the value of life
contingencies. Philos. Trans. Royal Soc.
London. 115: 513-583.

Goshu, A.T. and P. R. Koya (2013). Derivation of
inflection point of nonlinear regression curves —
implications to statistics. Am. J. Theor. Appl.
Stat. 2(6): 268-272.
doi:10.11648/J.AJTAS.20130206.25.

Karadas, K., M. Tarig, M. M. Tariq and E. Eyduran
(2017). Measuring predictive performance of
data mining and artificial neural network
algorithms for predicting lactation milk yield in
indigenous Akkaraman sheep. Pakistan J. Zool.

49(1): 1-7. doi:
https://doi.org/10.17582/journal.pjz/2017.49.1.1.
7

Livestock Census, (2019). Department of Animal
Husbandry, Dairying & Fisheries, Ministry of
Agriculture & Farmers Welfare, Government of
India, https://www.dahd.nic.in.accessed  on
23.01.2023.

Mata-Estrada, A.F., F. Gonzalez-Ceron, A. Pro-Martinez,
G. Torres-Harnandez, J. Bautista-Ortega, C. M.
Becerril-Pérez and E. Sosa-Montes (2020).
Comparison of four non-linear growth models in
Creole chickens of Mexico. Poult Sci. 99(4):
1995-2000. doi: 10.1016/j.psj.2019.11.031.



Gautam

Miguel, J., J. Ciria, B. Asenjo and J. Calvo (2008). Effect
of caponisation on growth and on carcass and
meat characteristics in Castellana Negra native

Spanish chicken. Animal. 2(2): 305-311.
doi:10.1017/S1751731107001127.
Minitab, LLC. 2021. Minitab.  Accessed from

https://www.minitab.com on 23.01.2023

Mustafa, R. Al-Ali., M. Waleed M. Razuki, H. Eman, Al-
Anbari (2022). Characterization of growth curve
pattern for Iraqi indigenous chickens through
nonlinear growth models. Indian J. Ecol. 49(20):
324-331.

Narinc, D., E. Karaman, M. Z. Firat, and T. Aksoy
(2010). Comparison of non-linear growth
models to describe the growth in Japanese quil.
J. Anim Vet Adv. 9(14): 1961-1966. doi:
https://doi.org/10.3923/javaa.2010.1961.1966

Narinc, D., N. Oksuz and A. Aygun (2017). Growth
curve analysis in poultry science. World’s Poult.
Sci. J- 73(2): 1-13. doi:
10.1017/S0043933916001082.

National Action Plan for Egg & Poultry (2022). Doubling

Farmer’s income by 2022, Department of

Animal Husbandry, Dairying & Fisheries,

Ministry of Agriculture & Farmers Welfare,

Government of India, https://www.dahd.nic.in.

Accessed on 23.01.2023.

Research  Council  (1994).  Nutrient
Requirements for Poultry. 9" rev. ed. National
Academy Press, Washington, DC.

Nguyen Hoang, T., H. T. T. Do, D. H. Bui, D. K. Pham,
T. A. Hoang and D. N. Do (2021). Evaluation of
non-linear growth curve models in the
Vietnamese indigenous Mia chickens. Anim.
Sci. J. 92(1): €13483. doi: 10.1111/asj.13483.

Nguyen, T.H., C. X. Nguyen, M. Q. Luu, A. T. Nguyen,
D. H. Bui, D. K. Pham and D. N. Do (2023).
Mathematical models to describe the growth
curves of Vietnamese Ri chicken. Braz. J. Biol.
83: 1-7. doi: https://doi.org/10.1590/1519-
6984.249756.

Norris, D., J. Ngambi, K. Benyi, M. Makgahlele, H.
Shimelis and E. Nesamvuni (2007). Analysis of
growth curves of indigenous male Venda and
Naked Neck chickens. S. Afr. J. Anim. Sci.
37(1): 21-26. doi: 10.4314/sajas.v37i1.4021.

Pearl, R. (1977). The biology of population growth. Ayer
Co Pub; 3" edition.

Rao, G.V. and P. C. Thomas (1984). The breed
characteristics of Kadaknath breed of indigenous
(Desi) chicken. Avian Res. 68: 55-57.

Rickleft, R.E. (1968). Pattern of growth in birds. Ibis
110(4): 419 451. doi: 10.1111/j.1474-
919X.1968.tb00058.x

National

1019

J. Anim. Plant Sci., 34 (4) 2024

Richards, O. W. and A. J. Kavanagh (1945). The analysis
of growing form (pp. 188-229), Oxford
University.

Ridho, M., W. P. B. Putra and F. E. Suta-Ojo (2021). The
growth curve of Gompertz and Logistic models
in body weight of Ecope Fulani Chikens (Gallus
domesticaus). Environ. Earth Sci. 637(1):
012098. doi: 10.1088/1755-1315/637/1/012098.

Rizzi, C., B. Contiero and M. Cassandro (2013). Growth
pattern in Itallian local chicken populations.

Poult. Sci.  92(8):  2226-2235.  doi:
http://dx.doi.org/10.3382/ps.2012-02825
PMid:23873574.

Sakomura, N. K., R. M. Gous, S. M. Marcato and J. B. K.
Fernandes (2011). A description of growth of
the major body components of 2 broiler chicken
strains. Poult. Sci. 90(12): 2888-2896. doi:
https://doi.org/10.3382/ps.2011-01602.

Sawai, H., H. L. Kim, K. Kuno, S. Suzuki, H. Gotoh, M.
Takada, N. Takakata, Y. Satta and F.
Akishinonomiya (2010). The origin and genetic
variation of domestic chickens with special
reference to junglefowls Gallus g. gallus and G.
varius. PLoS  One, 5(5):¢10639. doi:
http://dx.doi.org/10.1371/journal.pone.0010639.

Selvaggi, M., V. Laudadio, C. Dario and Tufarelli (2015).
Modeling growth curves in a non-descript Italian
chicken breed: an opportunity to improve
genetic and feeding strategies. Poult. Sci. J.
52(4): 288-294. doi:
http://dx.doi.org/10.2141/jpsa.0150048.

Sossidou, E. N. A. Dal Bosco, H. A. Elson and C. M. G.
A. Fontes (2011). Pasture based systems for
poultry production, implication and
perspectives. World’s Poultry Sci. j. 67(01):47 —
58. doi: 10.1017/S0043933911000043.

Thakur, M.S., S. N. S. Parmar and P. V. A. Pillai
(2006). Studies on growth performance in
Kadaknath breed of poultry. Livest. Res. Rural.
Dev. 18(8): 1-9.

Thiruvenkadan, A.K., R. Prabakaran and S.
Panneerselvam  (2011). Broiler  breeding
strategies over the decades: an overview.

World’s Poultry. Sci. J. 67(2): 309-336. doi:
10.1017/S0043933911000328.

Yang, Y., D. M. Mekki, S. J. Lv, L. Y. Wang, J. H. Yu
and J. Y. Wang (2006). Analysis of fitting
growth models in Jinghal mixed-sex yellow
chicken. Int. J. Poult. Sci. 5(6): 517-521. doi:
http://dx.doi.org/10.3923/ijps.2006.517.521.

Zhao, Z., S. Li, H. Huang, C. Li, Q. Wang and L. Xue
(2015). Comparative study on growth and
developmental models of indigenous chicken
breeds in China. Open J. Anim. Sci.05(2): 219-
223. doi:
http://dx.doi.org/10.4236/0jas.2015.52024.



