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ABSTRACT - The objective of this study was to determine the adjustment quality of non-linear models and estimate the 
growth parameters and body chemical composition of a meat-type quail strain (Coturnix coturnix coturnix) and two laying quail 
strains (Coturnix coturnix japonica), designated yellow and red. The study used 1500 quail, not sexed, distributed in a completely 
randomized design with three treatments and five repetitions. The experimental period was from 1-42 days of age. The birds 
were raised in a conventional system and fed ad libitum with a diet formulated to meet their nutritional requirements. Quail 
were weighed weekly, and a representative sample was slaughtered to evaluate their body chemical composition. The adjustment 
quality of the models was evaluated by means of the residual mean square (RMS), regression residue squares sum (SSRR), and 
number of iterations required for convergence. In evaluating the adjustment quality for the body weight of the three strains, the 
Gompertz, Logistic, and Von Bertalanffy models gave good fit, with Gompertz providing the best adjustment among them. For 
body composition, the Gompertz and Logistic models were the best, with Gompertz showing a slight superiority.  Gompertz is 
the best model for describing growth curves and body chemical composition of body weight, protein, water, and ash in meat-type 
quail. In addition, it is the best model for describing growth curves and body chemical composition of body weight of yellow 
laying quail and of body weight, protein, and ash in red laying quail. Logistic was the best model for describing growth curves and 
body chemical composition of water, protein, and ash in yellow laying quail, and of water in red laying quail.
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Introduction

Coturniculture has been gaining market share both 
nationally and internationally, as an activity that requires 
low investment, with rapid financial return, involving birds 
that are easy to handle, have early sexual maturity, and 
are highly productive. The most commonly used strains 
in Brazil for commercial egg and meat production are the 
Japanese (Coturnix coturnix japonica) and the European 
(Coturnix coturnix coturnix) quail, respectively (Barreto 
et al., 2007).

Japanese quail are the most widespread in Brazil 
and in the world, being distinguished by their high egg 
production, fast growth, small size, early sexual maturity, 
and average weight at 42 days of age between 130 and 

140 g. The European quail, which are larger, are used for 
meat production, presenting a high growth rate and an 
average weight of 250 g at 42 days of age. Both meat and 
laying quail are good alternatives for generating income 
and obtaining quality products (Grieser et al., 2015a).

Quail genetics are continuously improving, allowing 
the selection of the best birds, with the best potential to 
increase productivity rates. Therefore, due to the constant 
genetic improvement applied to quail populations, there 
have been great changes in the growth and body chemical 
deposition characteristics of the strains available in the 
market, making it necessary to carry out research that 
allows the elaboration of growth models for these current 
strains (Marcato et al., 2010).

Several non-linear mathematical models have been 
used to describe the growth and body chemical deposition 
of animals (Logistic, Brody, Richards, Bertalanffy, and 
Gompertz), by estimating the parameters for a certain 
variable. To make this adjustment, there are differences 
between the models regarding the difficulties faced in 
data processing, biological interpretation of the results 
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obtained, and quality of adjustment of the models to the 
data. Therefore, it is necessary to carry out an evaluation 
of the models using predetermined criteria and select the 
model with the best potential to describe the growth of the 
animals (Fitzhugh Jr., 1976). However, among the nonlinear 
models, Gompertz has been the most used to describe the 
growth of birds, because it presents a better adjustment 
(Marcato et al., 2010; Narinc et al., 2010; Sakomura et al., 
2011; Finco et al., 2016; Rossi et al., 2017).

These mathematical models allow the analysis of animal 
development and the adoption of strategies to improve 
management and nutrition. The growth of the animals is 
intimately related to their nutritional requirements; the 
greater the daily weight gain, the greater the nutritional 
requirements; thus, the nutritional requirements need to 
stabilize when weight at maturity is reached. In addition, 
it is also possible to add other important factors to these 
models, for example, to correlate the thermal factors 
with the growth and body chemical deposition of birds, 
contributing to better welfare in breeding systems and to 
obtain better productive responses. These data can also be 
used by genetic breeding programs, allowing the selection 
of more efficient birds, heat- and disease-resistant, and 
more uniform batches (Marcato et al., 2010; Sakomura 
et al., 2011).

Based on this information, the objective of this 
work was to determine the quality of adjustment of non-
linear models and estimate the growth parameters and 
body chemical composition of one strain of meat-type 
quail (Coturnix coturnix coturnix) and two laying strains 
(Coturnix coturnix japonica), designated yellow and red. 

Material and Methods

This study was approved by the ethics committee on 
the use of animals (CEUA) (case no. 061/2012).

A total of 1,500 non-sexed quail at one day old were 
taken and ringed with numbered washers, allowing the 
collection of individual data. Of the total, 500 were of the 
meat-type quail strain (Coturnix coturnix coturnix), 500 of 
the yellow laying strain (Coturnix coturnix japonica), and 
500 of the red laying strain (Coturnix coturnix japonica). 
The yellow and red laying strains were developed by the 
animal genetic improvement program. 

Quail were raised in a conventional shed, divided 
into 15 boxes of 5.0 m2, and each box was considered as 
a repetition or experimental unit. Birds were distributed 
in the boxes using a completely randomized design, with 
a total of three treatments (each treatment corresponded 
to one strain of quail), five replicates, and 100 quail per 

replicate. The experimental period was from 1 to 42 days 
of age. 

Throughout the experimental period, quail were raised 
in a conventional breeding system, receiving feed and water 
ad libitum. The light program used was the ideal regime 
for the development of each lineage, with continuous light 
being provided for the meat-type quail, and the laying quail 
being provided with 22 h of light/day from 1 to 14 days of 
age and 12 h of light/day from 15 to 42 days of age. 

The rations were formulated based on corn and soybean 
meal, considering the values of chemical and energetic 
composition of feeds proposed by Rostagno et al. (2017), 
meeting the nutritional requirements of quail according to 
their lineage and growth phase (Table 1).

To determine body growth, the methodology described 
by Sakomura and Rostagno (2016) was used. The weight 
was individually monitored (birds being identified with 
numbered rings) and weighed weekly on a precision scale. 

Table 1 - Centesimal, chemical, and energetic composition of 
diets for meat-type quail at initial and final growth 
phases and for laying quail (yellow and red) 

Meat-type quail Laying 
quail

1-14 days 15-42 days 1-42 days
Ingredient Quantity (g/kg)

Corn 409.5 527.9 571.6
Soybean meal (45%) 497.4 393.1 380.5
Soybean oil 47.5 32.5 11.0
Dicalcium phosphate 15.6 16.0 14.1
Salt 4.6 4.6 3.9
Limestone 3.6 2.8 11.6
DL-methionine 6.7 6.6 1.9
L- lysine HCl 6.8 8.0 0.5
L-threonine 4.2 4.1 0.9
L-tryptophan 0.1 0.4 -
Vitamin and mineral mixture1 4.0 4.0 4.0

Calculated values
Metabolizable energy (MJ/kg) 12.54 12.70 12.15
Crude protein (g/kg) 275 235 220
Calcium (g/kg) 6.4 6.1 9.0
Available phosphorus (g/kg) 4.1 4.1 3.7
Sodium (g/kg) 2.0 2.0 1.8
Potassium (g/kg) 10.2 8.6 -
Chlorine (g/kg) 3.1 3.1 -
Methionine + digestible cystine 
(g/kg) 13.2 12.3 7.6

Digestible lysine (g/kg) 18.7 17.3 11.2
Digestible threonine (g/kg) 12.5 11.1 7.9
Digestible tryptophan (g/kg) 3.0 2.8 -

1 Vitamin/mineral supplementation (guaranteed levels per kilogram of diet): retinol 
acetate, 18,000 IU; cholecalciferol, 5000 IU; dl-α-tocopheryl acetate, 16 mg; 
thiamine hydrochloride, 1.12 mg; riboflavina, 8 mg; pyridoxine hydrochloride, 
2.1 mg; cyanocobalamin, 20 mcg; menadione nicotinamide bisulphite, 4.028 mg; 
D-calcium pantothenate, 16 mg; niacin acid, 40 mg; choline chloride, 560 mg; 
zinc oxide, 126 mg; ferrous sulphate, 98 mg; manganese sulphate, 155 mg; copper 
sulphate, 30.624 mg; cobaltous sulfate heptahydrate, 0.4 mg; potassium iodate, 
1.936 mg; sodium selenite, 0.508 mg; butylated hydroxytoluene, 0.02 mg.
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This process allowed quail growth curves of the different 
strains to be obtained in the period from 1 to 42 days of age.

To determine the chemical composition of nutrients 
in quail carcass, the methodology described by Sakomura 
and Rostagno (2016), was used. Quail were slaughtered 
at 1, 7, 14, 21, 28, 35, and 42 days of age, a total of 30, 
15, 8, 5, 4, 3, and 2 quail per replicate, respectively. 
Before being slaughtered, they were selected according 
to the mean weight (±5%) of each experimental unit and 
subjected to 6 h of fasting to the complete emptying of the 
contents of the gastrointestinal tract. The birds were then 
weighed, slaughtered, and frozen whole. Afterwards they 
were thawed, ground, homogenized, and pre-dried in an 
oven. Then, the samples were ground again and sent to the 
laboratory to obtain analytical determinations – dry matter 
(DM), crude protein (CP), fat, and ash  – following the 
methodologies described by AOAC (2005). 

Using the values for body weights and chemical 
composition, growth curves and body chemical deposition 
were estimated through SAS (Statistical Analysis System, 
version 9.4) using the following non-linear models: 
Gompertz (Fialho, 1999), A.e−e−B(t−C); Brody (Brody, 1945), 
A (1 − Be−kt); Von Bertalanffy (Von Bertalanffy, 1957), 
A (1 − Be−kt)3; Logistic (Nelder, 1961), A (1 + Be−kt)−1; and 
Richards (Richards, 1959), A (1 − Be−kt)M, in which, in all 
models, parameter A is the weight at maturity (g), k is the 
maturity rate (day−1), and B is a constant of integration 
without biological interpretation, except in Gompertz, 
in which it has a biological interpretation representing 
the relative growth at the inflection point (g/day per g). 
Parameters M and C represent the age (days) of the inflection 
point of the growth curve and e is the Napierian logarithm. 
In addition, the models have the following variables: Brody, 
m = 1 (g/day); von Bertalanffy, m = 3 (g/day); Logistic, 
m = −1 (g/day); and Richards, m is variable.

Parameters k (for Brody, von Bertalanffy, Logistic, and 
Richards) and B (for the Gompertz model), are the growth 
rates of the animal; the higher the value of this rate, the 
faster is the growth of the animals, reducing the time taken 
to reach the adult weight (Carneiro et al., 2014). Parameter 
C in the Gompertz model is the age of the animal when 
the maximum growth rate indicates in the inflection point 
of the growth curve, in which body weight gain goes from 
increasing to decreasing (Freitas, 2005).

To choose the most appropriate model, the adjustment 
quality for the data was assessed by considering the 
following criteria: the computational difficulties (number 
of iterations required for convergence of functions) and 
adjustment quality the data [residual mean square (RMS) 
and square sum of the regression residual (SSRR)]. Higher 

numbers of iterations and higher values of RMS and SSRR 
indicate a lower adjustment quality for the non-linear 
model, suggesting its unsuitability for describing the 
growth of the animals.

Results

All the models analyzed adjusted to the data for body 
weight of the three strains of quail evaluated, but differed 
in adjustment quality. 

In general, Gompertz was the best model for describing 
growth curves in body weight in meat-type and laying quail 
strains (Figure 1a). The Gompertz and Von Bertalanffy 
models presented better adjustments for body weight in 
meat-type quail, with lower respective numbers of iterations 
(16 and 8) and values for RMS (426.10 and 426.70) and 
SSRR (65198300 and 65290000). 

In meat-type quail, in the parameter estimation using 
the five models, Von Bertalanffy gave the highest estimate 
of parameter A for body weight, which means weight 
at maturity, with a value of 347.6 g. It was followed by 
Gompertz, with a value of 309.3 g. The Brody and Richards 
models gave non-significant estimates. Parameter B for 
Gompertz and parameter K for the other models represent 
maturity rate. The Logistic model gave the highest estimate 
of the maturity rate for body weight (0.131), followed by 
Gompertz (0.071). Parameter C of Gompertz shows the day 
when growth rate is maximal; thus, the age at the inflection 
point of the curve for body weight was 18.5 days of age 
(Figure 1b).

The Gompertz and Logistic models gave the best 
adjustment in yellow laying quail for body weight data, 
with lower values of RMS and SSRR. The Gompertz values 
were slightly smaller than those of Logistic, even though 
the number of iterations was larger for Gompertz (16) than 
for the Logistic model (7). Gompertz presented the best 
adjustment for this variable, taking into account the SSRR. 

For body weight of the yellow laying quail, the highest 
value of parameter A was produced by Von Bertalanffy, with 
a value of 190.0 g, followed by Gompertz with 169.0 g, 
and Logistic with 147.0 g. Richards and Brody presented 
decreasing values for this same parameter. However, the 
result that should be considered for weight at maturity is 
that of Gompertz, of 169.0 g, because it was the model that 
was best adjusted to the data for body weight. 

The inflection points of growth rate curves, as described 
by the Gompertz model that presented good adjustments, 
was 17.9 days of age for the variable body weight in yellow 
quail (Figure 1b).
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For body weight of red laying quail (Table 2), the 
best models were Gompertz and Von Bertalanffy, with 
the lowest respective numbers of iterations (16 and 9), 
RMS (136.90 and 138.50), and SSRR (156755.00 and 
158556.00). 

Von Bertalanffy gave the highest estimate of parameter 
A for body weight (174.6 g) for red laying quail, followed 
by the Gompertz (155.7 g) and Logistic models (135.7 g), 

but the estimated value for Gompertz was more accurate 
because of its adjustment to the data. Gompertz presented 
value of 17.5 days of age at which the growth rate was 
maximum for the variable body weight (Figure 1b). The 
Richards model converged when subjected to the data, 
but the adjustment was not adequate, verified by the high 
values of RMS and SSRR in comparison with the other 
models, overestimating the estimates obtained.

Table 2 - Estimated values of non-linear model parameters for body weight in one meat-type and two laying quail strains (yellow and red)

Parameter
Parameter estimation of the models

Gompertz Brody Von Bertalanffy Logistic Richards
Body weight

Meat-type strain A 309.3±4.4 2223.3±732.7 347.6±7.0 269.1±2.3 152.2±2.1
B 0.07±0.00 1.00±0.00 0.78±0.01 16.51±0.63 1.48E42±3.03
k - 0.003±0.001 0.050±0.002 0.131±0.00 107.000
C 18.5±0.3 - - - 54576.9

RMS 426.1 474.0 426.7 452.9 5783.6
SSRR 651983.0 725156.0 652900.0 692910.0 8854654.0

No. of iterations 16 16 8 7 8
Yellow strain A 169.0±2.7 950.0±278.2 190.0±4.3 147.0±1.3 85.0±1.3

B 0.07±0.00 1.00±0.00 0.75±0.01 15.40±0.64 5.39E41±9.26E40
k - 0.004±0.001 0.050±0.002 0.131±0.003 106.100
C 17.9±0.3 - - - 54184.1

RMS 133.6 154.3 136.3 135.6 1711.5
SSRR 166027.0 191793.0 169461.0 168601.0 2129052.0

No. of iterations 16 12 9 7 8
Red strain A 155.7±2.8 79.1±1.2 174.6±4.5 135.7±1.4 79.2±1.2

B 0.07±0.00 366.40±15.03 0.72±0.01 13.70±0.62 3.31E39±5.63E38
k - 6.000 0.049±0.002 0.127±0.003 101.000
C 17.5±0.4 - - - 51495.1

RMS 136.9 1423.1 138.5 139.9 1423.1
SSRR 156755.0 1630848.0 158556.0 160144.0 1630848.0

No. of iterations 16 5 9 7 8

RMS - residual mean square; SSRR - square sum of the regression residual.
For the Brody, von Bertalanffy, Logistic, and Richards models, parameter A (g) is weight at maturity, k (day−1) is maturity rate, B is the constant of integration without biological 
interpretation; for the Richards model, C is the integration constant; for the Gompertz model, A (g) is weight at maturity; B (day−1) is maturity rate, and C (days) is the time to 
maximal growth.

Figure 1 - Growth curves (a) and growth rates (b) of body weight in meat-type and laying quail (yellow or red).
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The Brody model did not present a good adjustment to 
the data for the three quail strains (Table 2). 

All the models analyzed adjusted to the data of body 
chemical composition for the meat-type (Table 3), yellow 
(Table 4), and red (Table 5) laying quail strains evaluated, 
but differed in adjustment quality, except for body fat data 
for which no model could be adjusted.

As for water and body protein, Gompertz was the 
model that presented the best adjustment for meat-type 
quail (Figure 2a and 2c, respectively). For body ash, the 
Logistic model presented a good adjustment for the data; 
however, Gompertz was better as it presented a lower 
SSRR (Figure 2e).

In meat-type quail, in the estimation of the parameters 
using the five models, the Gompertz model produced the 
highest estimate of parameter A for water, protein, and 
ashes. The Logistic model gave the highest estimate of 
maturity rate for water, protein, and ashes (0.137, 0.119, 
and 0.111, respectively), followed by Gompertz (0.083, 
0.063, and 0.047, respectively). The age at the inflection 
point of the curve for water, protein, and ash was 15.4, 21.5, 
and 32.2 days of age, respectively, graphically represented 
in Figure 2b, 2d and 2f, respectively.

For yellow laying quail, the non-linear models 
presented convergence and adjustment to the data, but 

with differences in adjustment quality, for the following 
variables: water, protein, and body ash (Table 4).

Considering body composition, the Logistic model 
was better adjusted in yellow laying quail for water, with 
a RMS difference of 3.65 and an SSRR difference of 102.3 
compared with Gompertz, which was the second-best 
adjustment. For protein and body ash, the Logistic and 
Gompertz models were the best, with similar results for 
the number of iterations, RMS, and SSRR, but the Logistic 
model was best adjusted to the data. For body composition in 
parameter A, Gompertz had the highest estimates, followed 
by Logistic, which, for body composition, presented better 
estimated values for maturity rate (parameter K) than 
Gompertz (parameter B), which presented the second 
highest estimates. The inflection points of growth rate 
curves, as described by the Gompertz model that presented 
good adjustments, were 14.3, 17.7, and 21.0 days of age, 
respectively, for the variables water, protein, and body ash 
(Figure 2b, 2d, and 2f, respectively).  

All models were adjusted to the data with differences in 
their adjustment quality. 

For water, in red laying quail (Table 5), the best models 
were the Logistic, due to its low number of iterations (6), 
RMS (4.40), and SSRR (123.30), followed by Gompertz, 
which presented the second-best adjustment. For crude 

Table 3 - Estimated parameters of non-linear models for body chemical composition in meat-type quail

Parameter
Parameter estimation of the models

Gompertz Brody Von Bertalanffy Logistic Richards
Body composition

Water A 181.9±4.7 103.4±9.2 103.4±9.2 167.6±3.7 103.4±9.2
B 0.08±0.01 381.90±196.00 101524±186250 13.42±1.53 194.80±548.70
k - 6.000 12.000 0.137±0.008 7.000
C 15.4±0.4 - - - 15.0

RMS 23.2 2525.7 2525.7 32.5 2525.7
SSRR 648.8 73245.3 73245.3 910.7 73245.3

No. of iterations 5 2 6 7 6
Protein A 67.5±3.5 28.8±3.0 28.8±3.0 57.0±2.1 28.8±3.0

B 0.06±0.01 388.50±233.20 268.90±698.60 17.67±2.19 216.20±914.30
k - 6.000 6.000 0.119±0.008 7.000
C 21.5±1.0 - - - 15.0

RMS 2.7 277.0 277.0 4.1 277.0
SSRR 74.7 8032.2 8032.2 114.2 8032.2

No. of iterations 8 2 6 9 7
Ash A 22.2±5.2 5.8±0.7 5.8±0.7 14.9±1.5 5.8±0.7

B 0.05±0.01 392.80±278.40 283.20±1045.20 28.37±5.92 235.80±1496.50
k - 6.000 6.000 0.111±0.013 7.000
C 32.2±5.4 - - - 15.0

RMS 0.6 16.0 16.0 0.6 16.0
SSRR 15.8 463.7 463.7 16.6 463.7

No. of iterations 8 2 7 8 7

RMS - residual mean square; SSRR - square sum of the regression residual.
For the Brody, von Bertalanffy, Logistic, and Richards models, parameter A (g) is weight at maturity, k (day−1) is maturity rate, B is the constant of integration without biological 
interpretation; for the Richards model, C is the integration constant; for the Gompertz model, A (g) is weight at maturity; B (day−1) is maturity rate, and C (days) is the time to 
maximal growth.
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Table 4 - Estimated values of the non-linear model parameters for body chemical composition in yellow laying quail

Parameter
Parameter estimation of the models

Gompertz Brody Von Bertalanffy Logistic Richards
Body composition

Water A 95.3±2.5 58.0±5.0 58.0±5.0 89.3±1.3 58.9±1.6
B 0.10±0.01 367.00±191.10 222.50±316.60 15.68±1.78 162.50±326.90
k - 6.000 6.000 0.155±0.00 7.000
C 14.3±0.4 - - - 15.0

RMS 11.4 753.7 753.7 7.8 753.7
SSRR 320.0 21857.8 21857.8 217.7 21857.8

No. of iterations 7 2 6 7 6
Protein A 30.7±1.0 16.1±1.6 16.1±1.6 27.7±0.5 16.1±1.6

B 0.08±0.01 379.50±221.70 246.00±485.50 21.06±2.57 188.10±560.20
k - 6.000 6.000 0.147±0.00 7.000
C 17.7±0.5 - - - 15.0

RMS 0.8 77.9 77.9 0.8 77.9
SSRR 21.6 2258.1 2258.1 21.1 2258.1

No. of iterations 6 2 6 8 6
Ash A 7.5±0.9 3.3±0.4 3.3±0.4 6.5±0.4 3.3±0.4

B 0.07±0.02 385.80±252.70 261.30±678.70 25.69±8.67 206.50±850.30
k - 6.000 6.000 0.136±0.01 7.000
C 21.0±2.1 - - - 15.0

RMS 0.3 4.3 4.3 0.3 4.3
SSRR 8.1 124.8 124.8 7.9 124.8

No. of iterations 8 2 6 9 7

RMS - residual mean square; SSRR - square sum of the regression residual.
For the Brody, von Bertalanffy, Logistic, and Richards models, parameter A (g) is weight at maturity, k (day−1) is maturity rate, B is the constant of integration without biological 
interpretation; for the Richards model, C is the integration constant; for the Gompertz model, A (g) is weight at maturity; B (day−1) is maturity rate, and C (days) is the time to 
maximal growth.

Table 5 - Estimated values of the non-linear model parameters for body chemical composition in red laying quail

Parameter
Parameter estimation of the models

Gompertz Brody Von Bertalanffy Logistic Richards
Body composition

Water A 94.4±2.3 54.7±4.7 54.7±4.7 86.8±1.2 54.7±4.7
B 0.08±0.01 363.90±190.10 217.50±298.30 13.16±1.07 157.40±301.50
k - 6.000 6.000 0.1400±0.00 7.000
C 14.9±0.4 - - - 15.0

RMS 6.0 663.7 663.7 4.4 663.7
SSRR 168.9 19246.5 19246.5 123.3 19246.5

No. of iterations 7 2 5 6 6
Protein A 29.9±1.0 15.1±1.5 15.1±1.5 26.5±0.6 15.1±1.5

B 0.08±0.01 378.70±218.00 244.30±467.10 17.78±1.97 186.20±534.30
k - 6.000 6.000 0.136±0.007 7.000
C 18.2±0.6 - - - 15.0

RMS 0.6 66.2 66.2 0.7 66.2
SSRR 15.8 1920.8 1920.8 18.2 1920.8

No. of iterations 6 2 6 8 6
Ash A 10.6±1.6 3.2±0.4 3.2±0.4 7.7±0.6 3.2±0.4

B 0.05±0.01 384.70±258.90 258.50±668.30 22.31±3.50 203.00±824.10
k - 6.000 6.000 0.109±0.010 7.000
C 28.7±3.2 - - - 15.0

RMS 0.1 4.4 4.4 0.1 4.4
SSRR 2.7 126.0 126.0 3.0 126.0

No. of iterations 8 2 6 9 7

RMS - residual mean square; SSRR - square sum of the regression residual.
For the Brody, von Bertalanffy, Logistic, and Richards models, parameter A (g) is weight at maturity, k (day−1) is maturity rate, B is the constant of integration without biological 
interpretation; for the Richards model, C is the integration constant; for the Gompertz model, A (g) is weight at maturity; B (day−1) is maturity rate, and C (days) is the time to 
maximal growth.
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protein and body ash, Gompertz was best adjusted to the data 
among evaluated models (Figure 2c and 2e, respectively).

Gompertz also presented the best adjustment for proteins 
and ash, with the highest and most accurate estimates for 
parameter A, 29.9 and 10.6. For body water, the Logistic 
model presented the best adjustment, with the most accurate 
parameter A estimate of 86.8. Gompertz presented values of 
14.9, 18.2, and 28.7 for days of age at which the growth rate 
was maximum for the variables water, protein, and body ash, 
respectively (Figure 2b, 2d, and 2f). 

The Brody model did not present a good adjustment 
to the data for body chemical composition, even though it 
obtained convergence (Tables 3, 4, and 5). 

Discussion

The mean square of residuals, SSRR, and the number 
of iterations required for the convergence of functions, 
have commonly been considered (Oliveira et al., 2013) 
for evaluation of the quality of adjustments to the data of 
non-linear growth models. The lower the values obtained 
for these statistical parameters, the better the quality 
of adjustment of the non-linear model (Tholon and 
Queiroz, 2009).

A large number of iterations may indicate inappropriate 
or poorly conditioned models. That is, the smaller the 
number of iterations, the better the adjustment. However, 

Figure 2 - Growth curves and deposition rates of water (a, b), protein (c, d), and body crude ash (e, f) in meat-type and laying quail (yellow or red).
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Mello et al. (2008) noted that the larger the number 
of parameters of the model, the greater the possible 
combinations, requiring higher computational capacity 
and resulting in a greater number of iterations being 
required to reach convergence. 

Among the non-linear models evaluated, Gompertz 
was superior to Logistic and Von Bertalanffy, which also 
presented good adjustment quality for the body weight 
variable in the three quail lineages. As for body composition, 
Logistic and Gompertz had the lowest values for RMS and 
SSRR, in which Gompertz was slightly superior to the 
Logistic model. Among the evaluated models, Gompertz 
excelled in terms of data adjustment quality, being the 
most appropriate to describe the curves for growth and 
body chemical composition of meat-type and laying quail 
(yellow and red), in the growth phase. 

Results similar to those of the present work were 
reported by Drumond et al. (2013), in an experiment with 
three generations of quail from 1 to 42 days old, and among 
the non-linear models used, the authors concluded that 
the Gompertz function adequately described the growth 
of male quail, being a useful tool for the monitoring 
and evaluation of their growth. Mota et al. (2015) also 
reported that Gompertz was able to predict growth rate 
and weight at adulthood of all quail genotypes evaluated, 
among a total of seven different strains of meat-type 
and one laying quail strain. In addition to these authors, 
several others in the literature (Marcato et al., 2010; 
Narinc et al., 2010; Sakomura et al., 2011; Mazucheli 
et al., 2011; Grieser et al., 2015b; Rocha-Silva et al., 
2016) consider the Gompertz function to be the most 
adequate for describing growth and deposition of body 
nutrients in birds.

The Gompertz curve has three parameters, equivalent 
to a quadratic function. However, it adjusts better to growth 
curves and can be used over a time interval, allowing 
estimations to be made for the whole life of the animal. 
Another advantage of the Gompertz model is that it considers 
that the initial body mass is greater than zero, which 
reflects in the fact that the animal is hatched with a certain 
weight. This model, because of its biological significance, 
makes it possible to obtain necessary information about 
the growth of the animals through parameter interpretation 
(Fialho, 1999).

The weights at maturity estimated by Gompertz for the 
three strains of quail studied were 309.3, 155.7, and 169.0 g 
for the meat-type, red laying, and yellow laying strains, 
respectively (Table 2). From the means of these values, 
it can be observed that the meat-type quail, as expected, 

had a greater genetic potential for weight gain, followed by 
the yellow and red strains. 

Another parameter of the Gompertz model is maturity 
rate (B) (represented by the letter K for the other models), 
associated with time to reach adult weight; thus, the greater 
the value of the growth rate, the greater the precocity of 
the animal (Carneiro et al., 2014). In this work, values of 
0.07 were estimated for growth rate for both meat-type and 
laying strains (Table 2), i.e., although they are different 
genetic strains, they presented similar behavior regarding 
growth rate. Similar results were reported by Mota et al. 
(2015), in which different meat-type strains and a laying 
quail strain presented a value of 0.07 for the estimate of 
this parameter, in which weight at maturity varied for 
meat-type strains between 357.50 and 410.50 g, and laying 
strain presented a value of 166.39 g. The differences seen 
in the values of weight at maturity may have occurred due 
to differences in the genetic potential for body growth in 
the studied strains.

The logistic model presented the highest estimates for 
maturity rate for the three strains, both for body weight and 
body composition. Gompertz obtained the second highest 
estimates for body weight, with all strains having an equal 
value for parameter B (0.07). As for water, protein, and ash, 
the meat-type strain presented values of 0.083, 0.063, and 
0.047; the yellow strain presented values of 0.100, 0.084, 
and 0.073; and the red strain presented values were 0.083, 
0.076, and 0.050, respectively. Through these values, it can 
be observed that the laying strains matured earlier than 
the meat-type strain, and between the two laying strains, 
yellow matured earlier for the chemical deposition of 
water, protein, and ash.

The correlation between parameters weight at maturity 
and growth rate are high and negative, indicating that 
animals that have the highest growth rates will achieve their 
maximum weight at an earlier adult age, being less likely to 
reach higher adult weight than animals with lower maturity 
rates and slower growth, which can achieve greater weight 
at adulthood (Mota et al., 2015).

The Richards model presented difficulties in adjustment 
and overestimated the values for body weight of the 
three strains evaluated in this study. It is, therefore, not 
recommended for describing growth of European and 
Japanese quail from 1 to 42 days old (Table 2). Different 
results were reported by Firat et al. (2016), working with 
Japanese quail from 1 to 42 days of age, which indicated that 
the Gompertz and Richards models were able to describe 
body growth of the quail among the non-linear models 
evaluated (Gompertz, Logistic, and Richards), using a 
Bayesian approach.
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Kaplan and Gurcan (2016), also recommended the 
use of the Richards model to describe growth of male 
and female Japanese quail from 1 to 42 days of age, as it 
presented the best adjustment to the data among the other 
non-linear models evaluated (Gompertz, Logistic, Von 
Bertalanffy, Levakovich, and Janoschek). These differences 
in the adjustment quality of the models to the data can be 
attributed to variations in body weight obtained when 
working with different quail genetics.

The Brody model is also not recommended in this paper 
to describe growth curve of meat-type and laying quail; 
this model did not give good fit based on RMS, SSRR, 
and number of iterations. Mota et al. (2015) also did not 
recommend this model in their study because growth curve 
convergence was not obtained with data obtained from 
birth to 35 days of age in different meat-type and laying 
quail strains. Likewise, Veloso et al. (2015), analyzing 
growth of genotypes of free-range chickens, also did not 
recommended the Brody model. 

Conclusions

Gompertz is the best model for describing growth 
curves and body chemical composition of body weight, 
protein, water, and ash in meat-type quail and body weight 
in yellow laying quail. In addition, Gompertz is the best 
model for describing growth curves and body chemical 
composition of body weight, protein, and ash in red laying 
quail. Logistic is the best model for describing growth 
curves and body chemical composition of water, protein, 
and ash in yellow laying quail and the best model for 
describing growth curves and body chemical composition 
of water in red laying quail.
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