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Öz

Amaç: Bu çalışmada kahverengi ve sarı tüy renkli Japon bıldırcınlarında bü-

yüme eğrisi parametrelerinin tahmini ve en uyumlu modelin tespit edilmesi 

amaçlanmıştır.

Gereç ve Yöntem: Araştırma materyali olarak 80 adet kahverengi ve 80 adet 

sarı tüy renkli Japon bıldırcını kullanılmıştır. Bıldırcınlar 0, 7, 14, 21, 28, 35 ve 

42 günlük yaşlarda tartılmıştır. Büyüme eğrilerini belirlemek için Gompertz, 

Logistic, Von Bertalanffy ve Richards modelleri kullanılmıştır.

Bulgular: Uyum iyiliği açısından Gompertz modeli kahverengi ve sarı tüy 

renkli Japon bıldırcınları için en iyi model olarak tespit edilmiştir. Belirleme 

katsayısı (R2), düzeltilmiş belirleme katsayısı (R2
adj), Akaike Bilgi Kriteri (AIC), 

Bayesian Bilgi kriteri (BIC) ve hata kareler ortalaması (HKO) kahverengi ve 

sarı tüy renkli bıldırcınlarda sırasıyla 0,9968; 0,9952; 24,8801; 24,7179 ve 

25,9657; 0,9975; 0,9963; 22,9149; 22,7527 ve 19,6099 olarak tespit edilmiş-

tir. Modele ait β0, β1 veβ2 parametreleri kahverengi ve sarı tüy renkli bıldırcın-

lar için sırasıyla 234,89; 3,630; 0,072 & 236,58; 3,516 ve 0,069 bulunmuştur. 

Bükülme noktası yaşı ve bükülme noktasındaki canlı ağırlık ise sırasıyla 17,91 

gün ve 86,41 g; 18,15 gün ve 87,03 g olarak hesaplanmıştır.

Öneri: Sonuç olarak, bu çalışmada hem kahverengi hem de sarı tüy renkli Ja-

pon bıldırcınlarında Gompertz modeli en iyi model olarak belirlenmiştir. Farklı 

tüy renklerindeki Japon bıldırcınlarının büyüme eğrisi özelliklerinin belirlen-

mesinde sonraki araştırmalarda kullanılması önerilebilir. Öte yandan, Japon 

bıldırcınlarının bir alt türü olan Jumbo bıldırcın yetiştiriciliği, kahverengi tüy 

renkli Japon bıldırcınlarının yanı sıra yüksek erginleşme indeksi nedeniyle bıl-

dırcın eti üretiminde dikkate alınmalıdır.

Anahtar kelimeler: Büyüme eğrisi, doğrusal olmayan regresyon, Japon bıldır-

cını, parametre tahmini, tüy rengi

Abstract

Aim: In this study, it was aimed to estimate growth curve parameters and to 

determine the best fit model in brown and yellow plumage-colored Japanese 

quails.

Materials and Methods: 80 brown and 80 yellow plumage-colored Japanese 

quails were used as research material. The quails were weighed 0th, 7th, 14th, 

21st, 28th, 35th and 42nd days of age. Gompertz, Logistic, Von Bertalanffy and 

Richards models were used to determine growth curves.

Results: According to the goodness of fit the Gompertz model was determined 

the best model for both brown and yellow plumage-colored Japanese quails. 

Coefficient of Determination (R2), Adjusted Coefficient of Determination 

(R2
adj), Akaike Information Criteria (AIC), Bayesian Information Criteria (BIC) 

and mean square errors (MSE) were determined 0,9968; 0,9952; 24,8801; 

24,7179 and 25,9657 for brown; 0,9975; 0,9963; 22,9149; 22,7527 and 

19,6099 for yellow plumage-colored quails, respectively. Parameter β0, β1 and 

β2 of the model were found 234,89; 3,630; 0,072 & 236,58; 3,516 and 0,069, 

respectively. The age at point of inflection and weight at point of inflection 

were calculated 17,91 d and 86,41 g; 18,15 d and 87,03 g for brown and yellow 

plumage-colored quails, respectively.

Conclusion: In conclusion, Gompertz model was determined the best model 

in this study. This model can be advised to determine the growth curve traits 

in further researches for different plumage-colored Japanese quails. Morever, 

Jumbo quail breeding which is a sub-variate of Japanese quail must be 

considered by quail meat production due to the high maturity index besides 

the brown plumage-colored Japanese quails.
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Introduction

Quail is a model animal for biological researches due to its 
ease to rearing and short generation interval (Minvielle 
2004, Çimrin and Tunca 2013). On the other hand, quails are 
widely bred for meat and egg production all over the world 
(Minvielle 2004, Narinç et al 2009). 

Growth which effected by genetic structure and 
environmental conditions can be defined as the increase in 
body weight and size up to adult age (Akbaş 1995, Narinç 
et al 2017). Because of the economic reason of detemine 
the optimum slaughter age, changes in body weight during 
growth are quiet important for both management and rearing 
(Narinc et al 2010, Yavuz et al 2019). Mathematical functions 
called growth models are used, which provides ease of 
application, especially in the selection of meat type animals 
with higher daily live weight gain and feed conversion ratio 
(Akbaş 1996, Narinç et al 2009, Yavuz et al 2019). Non-
linear models are used for growth curve estimation because 
of growth generally shows a linear increase while after 
shows non-linear increase in the early period after birth/
hatched in animals (Bilgin and Esenbuğa 2003, Bayram and 
Akbulut 2009). Although various growth models have been 
developed for years, Gompertz, Von Bertalaffy, Logistic 
and Richards models are widely used for fitting the growth 
curves and estimation of the curve parameters (Narinç et al 
2017). 

Shape of the growth curve is affected by genetic and 
environmental factors. Also related those factors, growth rate 
and feed consumption are changed (Narinç et al 2017). After 
domestication many changes were occurred in quails such 
as behavioural, productivity and morphological including 
the plumage color (Lukanov and Pavlova 2020). One of the 
plumage colors is yellow plumage color which determined 
by an outosomal dominant mutation (Minvielle et al 2007). 
This sub-variate of Japanese quail is also known as Italian or 
Jumbo quail (Avşar and Akpınar 2020, Ibrahim et al 2021) .

174

Previous studies on growth curve traits in quails mostly 
focused on the gender (Kaplan et al 2016, Gürcan and Kaplan 
2017, Kaplan and Gürcan 2018, Santos et al 2018, Yavuz et 
al 2019). In contrast, studies on the effect of plumage color, 
which is origined from genetic structure, on the growth 
curve are limited (Yılmaz et al 2011, Anang et al 2017, Dash 
et al 2018, Grieser et al 2018). This study was conducted to 
determine growth curve traits of brown and yellow (Jumbo) 
plumage colored quails and to evaluate the best fit curve 
among the four growth models.

Material and Methods

This study was carried out at the alternative poultry 
unit belongs to Prof. Dr. Hümeyra Özgen Research and 
Application Farm in Selcuk University. Day old quail chicks 
were assigned to two plumage color (80 brown and 80 
yellow) group. For the first three weeks the chicks were 
housed in a heated brooder cages (97 x 52 x 30 cm, 63cm2/
chick) and then transferred to grower cages (94 x 44 x 21 cm, 
103 cm2/chick) until 42nd days of age. The chicks were fed 
with a starter diet containing 22,8% CP; 3100 Kcal/kg ME; 
1,3% lysin; 0,7% methionine; 0,9% Ca and 0,7% P until 21st 
days of age. And then until 42nd days of age they were fed 
with a grower diet containing 21,4% CP; 2985 Kcal/kg ME; 
1,3% lysin; 0,6% methionine; 0,8% Ca and 0,6% P. Chicks 
were allowed access to water and food ad libitum. Chicks 
were lighted 24 hour for the first three weeks, then 23L:1D 
until the study finish.

Chicks were weigned 0th, 7th, 14th, 21st, 28th, 35th and 
42nd days of age with a digital scale (KERN PFB 100). Growth 
curve parameters were estimated with Gompertz, Logistic, 
Von Bertalanffy and Richards models (Table 1). 

Güler et alGrowth curves of Japanese quails

Table1. Model expressions and parameters of the growth curves 
Growth models Equations IPT IPW 

Gompertz (Winsor 1932) Yt = ꞵ0e -ꞵ1e(-ꞵ2t) ln(ꞵ1)/ꞵ2 ꞵ0/e 

Logistic (Nelder 1961) Yt = ꞵ0(1+ꞵ1e(-ꞵ2t))-1 -ln(1/ꞵ1)/ꞵ2 ꞵ0/2 

Von Bertalanffy (Von Bertalanffy 1957) Yt = ꞵ0(1-ꞵ1e(-ꞵ2t))3 ln(3ꞵ1)/ꞵ2 8ꞵ0/27 

Richards (Richards 1959) Yt = ꞵ0/(1+ꞵ1e(-B2t))(1/ꞵ3) (-1/ꞵ2)×ln(ꞵ3/ꞵ1) ꞵ0/ �ꞵ3 + 1ꞵ3  

Yt: Predicted live weigth at day t (g), t: Age (day), ꞵ0: Asymptotic weight (mature) (g), ꞵ1: Scale parameter related to initial weigth, ꞵ2: Maturity rate, ꞵ3: 
Inflection parameter of the Richards’ model, IPT: Age at point of inflection (day), IPW: Weight at point of inflection (g), e: natural logarithm base. 
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Statistical analyses

The parameters of the models were estimated with non-
linear regression analyse (Levenberg-Marquardt iteration 
1E-8) in SPSS version 22,0. For goodness of fit R2, R2adj, AIC, 
BIC and MSE were used (Table 2) (Akaike 1974, Schwarz 
1978). Then age and weight at point of inflection values were 
calculated.

Results

Growth curve parameters of the models and point of 
inflection values are presented in Table 3. Parameter β0 
which defines the predicted asymptotic weights were ranged 
from 205,16 to 266,35 g for yellow and 206,46 to 261,01 g 
for brown plumage colored quails. The parameter β0 were 
estimated more higher for brown and yellow (261,01 g 
and 266,35 g, respectively) plumage colored quails in Von 
Bertalanffy model while more lower in Logistic model 
(206,46 g and 205,16 g; respectively). The parameter β1 

which related to initial weight was ranged 0,768 to 16,006 
for brown and 0,001 to 14,941 for yellow plumage colored 
quails. Parameter β2 is the maturity index and it was ranged 
0,052 to 0,132 for brown and 0,049 to 0,128 for yellow 
plumage colored quails. Maturity index had higher values for 
brown and yellow plumage colored quails in Logistic model 
(0,132 and 0,128) while lower values in Von Bertalanffy 
model (0,052 and 0,049). 

Weight at point of inflection was calculated higher both 
brown and yellow plumage colored quails in Logistic model 
(103,23 g; 102,58 g) and lower in Von Bertalanffy model 
(77,34 g; 78,92 g). Age at point of inflection, similar to weight 
at point of inflection was calculated higher for both group in 
Logistic model (21,03 d; 21,05 d), lower in Von Bertalanffy 
model (16,18 d; 16,58 d). Growth curves of brown (Figure 1) 
and yellow (Figure 2) plumage colored quails are also given 
below.

Table 2. Goodness of fit statistics

Table 3. Parameter estimates of the growth curves

 
 

 
Goodnes of fit criteria Formula of criteria 

R2 1-(SSE/SST) 

R2adj R2 –[((k-1)/(n-k))(1- R2)] 

AIC n×ln(SSE/n)+2k 

BIC n×ln(SSE/n)+k×ln(n) 

MSE SSE/(n-k) 

R2: Coefficient of determination, R2adj: Adjusted coefficient of determination, AIC: 
Akaike’s Information Criterion, BIC: Schwarz Bayesian Information Criterion, SSE: 
Sum of square errors, SST: Total sum of squares, MSE: Mean square of errors, n: 
The number of observations, k= The number of parameters in the model

 
 

 
Growth models ꞵ0 ꞵ1 ꞵ2 ꞵ3 IPT (d) IPW (g) 

Brown       

Gompertz 234,89 3,630 0,072 - 17,91 86,41 

Logistic 206,46 16,006 0,132 - 21,03 103,23 

Von Bertalanffy 261,01 0,768 0,052 - 16,18 77,34 

Richards 218,71 2,579 0,096 0,3999 19,40 94,31 

Yellow       

Gompertz 236,58 3,516 0,069 - 18,15 87,03 

Logistic 205,16 14,941 0,128 - 21,05 102,58 

Von Bertalanffy 266,35 0,750 0,049 - 16,58 78,92 

Richards 236,57 0,001 0,069 0,0003 18,15 87,04 

Güler et alGrowth curves of Japanese quails

Eurasian J Vet Sci, 2022, 38, 3, 173-179



176

Table 4. Goodnes of fit criterias of the models

1 
 

 
Growth models R2 R2adj AIC BIC MSE 

Brown      

Gompertz 0,9968 0,9952 24,8801 24,7179 25,9657 

Logistic 0,9967 0,9950 25,2094 25,0471 27,2163 

Von Bertalanffy 0,9954 0,9930 27,4921 27,3298 37,7094 

Richards 0,9972 0,9945 25,7861 25,5697 29,6115 

Yellow      

Gompertz 0,9975 0,9963 22,9149 22,7527 19,6099 

Logistic 0,9940 0,9910 29,1063 28,9440 47,4900 

Von Bertalanffy 0,9973 0,9960 23,4976 23,3354 21,3122 

Richards 0,9975 0,9951 24,9157 24,6994 26,1495 

 
Table 5. Means of observed and predicted live weights of the models

 
 

 
Observed Gompertz Logistic Von Bertalanffy Richards 

Age (d) Weight (g) P D P D P D P D 

Brown          

Hatched 8,21 6,23 1,98 12,14 -3,93 3,25 4,96 9,02 -0,81 

7 25,31 26,21 -0,90 28,05 -2,74 26,19 -0,88 26,78 -1,47 

14 64,67 62,43 2,24 58,52 6,15 64,35 0,32 60,51 4,16 

21 101,90 105,47 -3,57 102,99 -1,09 105,84 -3,94 104,65 -2,75 

28 143,05 144,80 -1,75 147,55 -4,50 143,37 -0,32 146,14 -3,09 

35 183,07 175,35 7,72 178,19 4,88 174,18 8,89 176,59 6,48 

42 192,53 196,86 -4,34 194,22 -1,69 198,07 -5,54 195,65 -3,13 

Yellow          

Hatched 8,07 7,03 1,04 12,87 -4,80 4,16 3,91 7,03 1,04 

7 25,13 27,14 -2,01 28,98 -3,85 27,21 -2,08 27,14 -2,01 

14 63,14 62,37 0,77 59,05 4,09 64,07 -0,93 62,37 0,77 

21 104,10 104,09 0,01 102,22 1,88 104,28 -0,18 104,09 0,01 

28 146,51 142,70 3,81 145,52 0,99 141,25 5,26 142,7 3,81 

35 166,42 173,29 -6,87 175,83 -9,41 172,21 -5,79 173,29 -6,87 

42 198,62 195,31 3,31 192,12 6,50 196,73 1,89 195,31 3,31 

P: Means of predicted live weigths (g), D: Difference between means of observed and predicted live weights (g) 

Güler et alGrowth curves of Japanese quails
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Goodness of fit criteria of the models are presented in Table 
4. Also, observed and estimated live weights of the quails 
are given in Table 5. All models had high R2 values ranged 
0,9940 to 0,9975. Although all models had high R2 and R2

adj, 
Gompertz model had lower AIC (24,8801; 22.91,49), BIC 
(24,7179; 22,7527) and MSE (25,9657; 19,6099) values for 
both brown and yellow plumage colored quails. Because of 
those values Gompertz model was determined the best fit 
growth model for the groups in this study.

Discussion

In the current study, Gompertz model was determined the 
best fit growth curve model. Similarly, Narinc et al (2010) 
(R2: 0,99998; AIC: -2,010; BIC: -2,172) determined the 
Gompertz model is the best fit for Japanese quails. Also, 
Anang et al (2017) determined Gompertz model (R2: 0,9988 
for black, R2: 0,9991 for brown) is the best fit for black and 
brown plumage colored Padjadjaran quails. In constrat, in 
some studies Weibull model (R2: 0,999; MSE: 318,54; AIC: 
4717,067) (Raji et al 2014); Von Bertalanffy model (R2: 0,98; 
MSE: 49,731; AIC: 100,47) (Adedeji et al 2017); Janoschek 
model (R2: 0,9976; AIC: 34,15; BIC: 35,74) (Gürcan and 
Kaplan 2017); Richards model (for females and males R2: 
99,98 & 99,97; AIC: -1034,12 & -1044,97; BIC: -1018,94 & 
-1029,19) (Kaplan and Gürcan 2018); cubic spline model 
(for females and males; MSE: 92,50; 35,391 & AIC: -19,21 
& -35.04) (Yavuz et al 2019) were determined as the best 
model for Japanese quails. Among the four growth model, 
Richards model did not fit the datas for both group because 
it had convergence problem in parameter estimation similar 
to findings of Kheirabadi and Rashidi (2019).
According to Gompertz model, parameter β0 was estimated 
234,89 for brown and 236,58 for yellow plumage colored 
quails. Similar to current study results, Narinc et al (2014) 
found 233,12 and Uckardes and Narinç (2014) found the 
parameter β0 as 242,10. In constrat, with same model Anang 

et al (2017) were determined that parameter 164.47 for 
black, 213,43 for brown;   Grieser et al (2018) 167,5 for 
yellow; 179,6 for red plumage colored quails. On the other 
hand, Santos et al (2018) found  the parameter β0 for meat 
and laying type Japanese quails as 305 and 159, respectively. 
Wide variation of the β0 parameter in studies may be due 
to asymptote weight is related to genetic structure and the 
environmental conditions (Raji et al 2014, Bashiru et al 
2019).
The parameter β1 of Gompertz model was found 3,630 
for brown and 3,516 for yellow plumage colored quails. 
The findings were higher than Narinc et al (2010) (3,31), 
but aggree with findings of Narinç et al (2009) (3,66). The 
parameter β1 is the constant related to the initial weight but 
has no biological meaning (Kaplan and Gürcan 2018). That 
means this parameter can be found more different for each 
study.
The parameter β2 is the maturity index that defines which 
animal has early which animal is late maturing. A low 
maturity index indicates that the animal is late maturing 
while high maturity index early maturing (Adedeji et al 
2017). According to Gompertz model results this paramater 
found 0,072 for brown and 0,069 for yellow plumage colored 
quails. This results similar to (0,06572) Beiki et al (2013). 
Although the indexes are close in the current study, brown 
plumage colored quails are early maturing than yellows can 
be said. 
In the study, age at point of inflection (IPT) was calculated 
17,91 day for brown; 18,15 day for yellow plumage colored 
Japanese quails. Approximately to this results of the study, 
KızıIkaya et al (2005) found the IPT 17,05 day; Beiki et al 
(2013) 19,74 day; Adedeji et al (2017) 22,15 day for Japanese 
quails. On the other hand, weight at point of inflection was 
calculated 86,41 g for brown and 87,03 g for yellow plumage 
colored quails. This value is higher than Adedeji et al (2017) 
(57,17 g) and Gurcan et al (2012) (68,96 g). Similar to current 
study Alkan et al (2009) found 82,3 g; KızıIkaya et al (2005) 

Figure 1. Growth curves of brown plumage-colored quails Figure 2. Growth curves of yellow plumage-colored quails

Güler et alGrowth curves of Japanese quails
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found 82,96 g. Point of inflection is a key factor to determine 
where the growth rate is maximum. After the inflection point 
growth rate is begins to decline (Adedeji et al 2017). The 
diffecences between studies for point of inflections may be 
originated from genetic and environmental factors. 

Conclusion

In conclusion, Gompertz model had best fit both brown and 
yellow plumage colored Japanese quails with higher R2, R2

adj 

and lower AIC, BIC and MSE values. Therefore this model can 
be used for growth curve traits of the Japanese quails. On the 
other hand, Jumbo quail breeding which is a sub-variate of 
Japanese quail must be considered by quail meat production 
due to the high maturity index besides the brown plumage-
colored Japanese quails.
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