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ABSTRACT

Objective: Quail production is ranked as an important alternative animal protein source in 
Cameroon. One of the main constraints of this production is the quality of feed, which lacks pro-
tein that is regularly supplied by fish meal. To avoid disagreements due to the constant shortage 
of fish meal, alternative protein sources are needed, and among them are crickets (Acheta domes-
ticus). The goal of this study was to find out how well Japanese quails could be raised if fish meal 
was replaced with cricket meal.
Materials and Methods: A total of 192, 4-week-old quails were divided into 12 similar sets of 8 
females and 8 males. The Four experimental diets (T00, T15, T30, and T45) were all formulated 
based on the level (0%, 15%, 30%, and 45%, respectively) of fish meal substitution with cricket 
meal in the basal diet (crude protein: 20.18% and ME: 3,013.78 kcal/kg) and randomly assigned 
to three sets in a completely randomized design consisting of four treatments each repeated 
three times. Growth, carcass, and some reproduction parameters were collected. The data were 
analyzed using one-way analysis of variance and the Duncan test, with a significance level of 5%.
Results: Cricket meal diets increased body weight in males (204.32 ± 5.69 gm for T45) and regard-
less of the sex (226.72 ± 29.45 gm for T30) compared to 184.17 ± 3.11 gm and 214.55 ± 32.77 gm 
for the control group, respectively. In females, substitution at 30% increased body weight (253.80 ± 
6.48 gm), while 45% induced a reduction (216.67 ± 6.49 gm) when compared to the control group 
value (244.92 ± 6.07 gm). Carcass yield and the proportion of different parts were not significantly 
affected by the experimental diets. Liver proportions were significantly higher at 15% and 35% 
cricket meal incorporation compared to 45%. First songs and egg laying were recorded at 7 weeks 
with T15, which also led to improved egg laying performance compared to the other treatments. 
Ovaries were poorly developed in the T45 females compared to the other treatments.
Conclusions: Cricket flour might be a good candidate as a locally available protein source to sub-
stitute fish meal in the Japanese quail’s diet at the finisher and reproductive stages, and the level 
of 30% seems to be more efficient.
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Introduction

The world production of animal feed passed the one billion 
ton mark in 2016. Because it can weigh up to 80% of the 
total cost of production, feed is the most expensive item 
in animal husbandry [1,2]. Fish meal is one of the main 

raw materials used to feed poultry and is also one of the 
main sources of protein [3]. Roughly 27% of sea fishery 
resources are used for processing into fish meal or fish 
oil without satisfying the needs of the livestock industry 
[3]. Overfishing is usually practiced to meet human and 
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animal needs, and it exerts a high pressure on the aquatic 
ecosystem. The fact that Cameroon has to import all of its 
fish meal, the lack of stock, and the high price (more than 1 
USD/kg) makes it hard for livestock farming in Cameroon 
and the Sudano-Guinean zone specifically to grow.

In this zone, there is a seasonal profusion of insects, 
such as crickets (Acheta domesticus), which are not part of 
the local diet and whose use as an additional source of pro-
tein in animal feed, in general, and in poultry farming, spe-
cifically, could not only help to reduce stock shortages but 
also enhance the value of local resources and even reduce 
production costs and competition between humans and 
animals for these resources. Given this observation and the 
fact that edible insects can be used in animal feed [4–6], 
the need for this study aimed at valorizing cricket meal in 
poultry farming, in general, and Japanese quail (Temminck 
and Schlegel, 1849), in particular, which has been of obvi-
ous interest among Cameroonian poultry farmers in recent 
years. Due to its low production cost associated with its 
small size, its resistance to the disease, rapid growth, and 
relatively short life cycle of up to 3–4 generations per year, 
and high egg production of 250–350 eggs/female/year 
[7–9], as well as the therapeutic virtues of these eggs [10], 
the expansion of this species has been accentuated. The 
general aim of this work is to contribute to the better prof-
itability of quail husbandry by valorizing a locally available 
resource. Specifically, the effect of replacing fish meal with 
cricket meal on growth performance, carcass characteris-
tics, and some reproduction parameters will be assessed 
in quails.

Materials and Methods

Ethical approval

Experimental protocols used in this study were endorsed 
by the ethics committee of the Faculty of Sciences of the 
University of Ngaoundéré, Cameroon, and complied 
strictly with internationally recognized standard ethical 
directives for the use and care of laboratory animals, as 
specified in the European Community Directive 86/609/
EEC as of November 24, 1986.

Study area

The study was carried out in Ngaoundéré, located in 
the Sudano-Guinean zone of Cameroon. The area is 
located between 6° and 8° degrees north latitude and 
between 10° and 16° degrees east longitude, at an aver-
age altitude of 1,000 m. The rainy season lasts 8 months 
(April–November), while the dry season lasts 4 months 
(December–March). The annual average rainfall is 1,500–
1,800 mm, the annual average humidity is 64.1%–67.6%, 
and the temperatures range from 23°C to 32°C.

Animal material, housing, and feeding

The crickets (A. domesticus) used in the present trial were 
harvested in the locality of Ngaoundéré under street lamps 
at night. They were then dried (Fig. 1) the next day under 
the sun before being ground and stored in a dry, closed 
plastic container until they were used.

A total of 192 Japanese quail (96 females and 96 males) 
aged 28 days, with a mean weight of 62.79 ± 2.06 gm, was 
divided into 12 similar batches of 16 birds (8 females and 
8 males). They were housed in cages made of board and 
wire mesh with a density of 28 birds per m2. A basic feed 
with 3,013.78 kcal/kg metabolizable energy and 20.18% 
crude protein was used to make four experimental diets 
(T0, T1, T2, and T3) that varied in how much fish meal 
was replaced with cricket meal (0%, 15%, 30%, and 45%, 
respectively).

Experimental design and trial management

Each of the four experimental diets was allocated randomly 
to three sets in a fully randomized design consisting of four 
treatments (substitution level) replicated three times each. 
Feed and water were supplied ad libitum throughout the 
study. Except for the feed, all birds were kept under similar 
husbandry conditions.

Data collection and studied variables

During the 4-week trial, data were recorded weekly on 
feed intake (FI), body weight, weight gain, feed conver-
sion ratio (FCR), laying rate, and external egg character-
istics. For each week, feed was weighed and distributed 
on a daily basis. The leftovers from each experimental 

Figure 1. Crickets (A. domesticus) dried and ready to be ground.
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unit were weighed every 7 days using an electronic scale, 
with a 5,000 gm capacity and 1 gm accuracy. The weekly 
FI was the difference between the amount of feed distrib-
uted during the week and the leftovers of the same week. 
Initially, and every 7 days thereafter, fasted birds were 
weighed in the morning using an electronic scale, with a 
2,000 gm capacity and 0.1 gm accuracy. Weekly weight 
gain was derived as the difference between two consecu-
tive body weights. The weekly FI and weight gain data for 
the same period were used to calculate the FCR as follows:

FCR =
Feed intake (gm)

Average weight gain (gm)

Carcass characteristics

At the end of the growth phase (7 weeks), nine males and 
nine females per treatment (three per batch) were fasted, 
sacrificed, and then characterized in accordance with the 
process described by Genchev and Mihaylov [11] for the 
evaluation of carcass characteristics. Data collected on the 
carcass, liver, heart, gizzard, head, thigh, back, wings, and 
leg weight were calculated using the following: 

Carcass yield (%) =
Carcass weoght (gm)

× 100
Body weight (gm)

Relative weight of parts 
or organs (%) =

weight of parts or organs
× 100

Body weight (gm)

Reproductive characteristics

Testes characteristics

After quails were sacrificed, the testes were collected and 
weighed together and individually using an electronic 
scale, with 500 gm capacity and 0.01 gm accuracy. Then, 
the diameter and height of each testicle were measured 
using a digital caliper, with a span of 150 mm and 0.01 mm 
accuracy. The collected data were evaluated as follows:

Testicular shape index = Diameter (mm) / Height (mm)

Testis weight 
ratio =

Left testis weight (gm)

Right testis weight (gm)

Gonado - somatic 
index (%) =

Testis weight (gm)
× 100

Live weight (gm) � [12]

Egg laying rate and characteristics of the eggs

During 2 weeks and using the equipment used to characterize 
testes, eggs obtained in each batch were collected daily and 
enumerated to calculate the weekly laying rate as follows:

Weekly laying rate (%) =
Number of eggs laid

× 100
Number of females � 7

Statistical analysis 

The data were presented as the mean ± standard devi-
ation of the mean. A one-way analysis of variance was 
used, based on the general linear model, to compare the 
means of the different variables. In the case of differences 
between the treatments, means were separated with the 
Duncan test at the 5% significance level. For these analy-
ses, IBM SPSS Statistics 25.0 software was used.

Results

Average production performances based on the level of 
substitution of fish meal with cricket meal

The effect of fish meal substitution with cricket meal on the 
average growth performance of quails at 8 weeks (Table 1) 
shows that, regardless of the sex, FI was significantly lower 
in the 15% and 45% cricket meal substituted batches than 
in the control and 30% of the cricket meal substituted 
batches, which were otherwise similar.

Regardless of the sex, the significantly higher body 
weights and weight gain were found with 30% substitu-
tion (T2) compared to the values of the other treatments, 
which were otherwise similar. In females, body weights 
and weight gain of the control and T2 treatments (30% 
substitution) were comparable and considerably higher 
(p < 0.05) than those of the 15% and 45% substitution 
treatments, which were also comparable. The meal was 
associated with a significant increase in body weight and 
average weight gain (AWG) in males compared to the val-
ues recorded with the control. Body weight and weight 
gain at the 45% substitution level were significantly higher 
than T1 (15%) but similar to 30%, which in turn was sim-
ilar to T1.

The lowest FCR was recorded at T2 in females, regard-
less of the sex. When compared to the control, when fish 
meal was used instead of cricket meal, the FCR decreased 
overall.

Feed intake

FI increased throughout the grow-out phase, regardless of 
the treatment (Fig. 2). Substitution of fish meal with cricket 
meal induced a significant reduction in FI between the fifth 
and seventh week of age compared to the control. At week 
5, the FI of the T3 treatment (45%) was higher than that of 
the treatments at the substitution levels of 15% (T1) and 
30% (T2). At week 6, T2 and T3 FI were similar and signifi-
cantly (p < 0.05) higher than T1. In the seventh week, inges-
tion of 15% cricket meal in the feed (T1) induced a higher 
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FI compared to that of the 30% and 45% inclusion of cricket 
meal in the feed. At the end of the trial, the highest FI was 
obtained with treatment T2 compared to the other treat-
ments. Control treatment was significantly (p < 0.05) lower 
than T1 but similar (p > 0.05) to the T3 treatment.

Body weights

The weekly body weight assessment of quails showed 
the same pattern, regardless of the substitution rate of 
fish meal with cricket meal and sex (Fig. 3). It showed an 

Table 1.  Average production performances of quails at 8 weeks of age as a function of the substitution level of fish meal with cricket meal.

Characteristic
Average production performances

Experimental diets FI (gm)   Body weight (gm) AWG (gm)  FCR

Male

T0 (00%) 184.17 ± 3.11a 30.34 ± 0.77a 6.43 ± 0.42b

T1 (15%) 194.15 ± 3.91b 32.84 ± 0.97b 5.64 ± 0.20a

T2 (30%) 199.65 ± 5.28bc 34.21 ± 1.32bc 5.68 ± 0.36a

T3 (45%) 204.32 ± 5.69c 35.38 ± 1.42c 5.23 ± 0.17a

Average 195.57 ± 8.78 33.19 ± 2.19 5.74 ± 0.52

Female

T0 (00%) 244.92 ± 6.07b 45.53 ± 1.51b 4.28 ± 0.17ab

T1 (15%) 224.67 ± 5.94a 40.47 ± 1.48a 4.57 ± 0.16bc

T2 (30%) 253.80 ± 6.48b 47.75 ± 1.62b 4.07 ± 0.28a

T3 (45%) 216.67 ± 6.49a 38.47 ± 1.62a 4.81 ± 0.21c

Average 235.01 ± 16.42 43.05 ± 4.10 4.43 ± 0.34

Combined

T0 (00%) 780.71 ± 29.50b 214.55 ± 32.77a 37.94 ± 8.19a 5.36 ± 1.18b

T1 (15%) 740.54 ± 6.00a 209.41 ± 16.96a 36.65 ± 4.24a 5.11 ± 0.59ab

T2 (30%) 776.37 ± 31.22b 226.72 ± 29.45b 40.98 ± 7.36b 4.87 ± 0.91a

T3 (45%) 740.40 ± 9.92a 210.50 ± 8.69a 36.92 ± 2.17a 5.02 ± 0.28ab

Average 759.51 ± 28.69 215.29 ± 23.86 38.12 ± 5.96 5.09 ± 0.79

a, b: in the same column and for the same sex, values with the same superscript are similar (p > 0.05).

Figure 2. Weekly evolution of FI according to the experimental diets.
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increase in body weight with age, regardless of the sex, 
and higher values throughout the trial (Fig. 3a) induced 
by 30% (T2) substitution of fish meal with cricket meal in 
quail feed.

In males (Fig. 3b), however, at the beginning of the trial, 
FI at 30% (T2) and 45% (T3) substitution induced sig-
nificantly (p < 0.05) higher body weight values compared 
to the 15% substitution treatment (T1). T2 and T3 treat-
ments were significantly higher at week 6. At week 7, the 
control treatment induced lower but similar values. At the 
end of the trial period, the significantly highest body weight 
value was recorded with treatment T3 (204.32 ± 5.69 gm) 
compared to the control and T1. The significantly lower 
value was obtained with the control treatment. In females  
(Fig. 3c), it was found that at week 5, the mean body weight 
of treatment T0 (127.97 ± 4.23 gm) was significantly (p 
< 0.05) higher than treatments T1 and T3, but all were 
similar to treatment T2. For weeks 6 and 7, the weight of 

treatment T3 was significantly lower than the other treat-
ments, which were otherwise comparable (p > 0.05) to 
each other. In the last week, the body weights of control 
and T2 treatments were significantly (p < 0.05) higher 
than those of T1 and T3 treatments. Ingestion of a feed in 
which 45% of the fish meal was substituted by cricket meal 
(T3) induced the lowest body weight throughout the trial, 
although it was comparable to T1.

Average weight gain

AWG in quails decreased with age (Fig. 4), although in 
females (Fig. 4b) it was irregular. In males (Fig. 4a), at 
the beginning of the trial, a significantly (p < 0.05) lower 
weight gain was recorded with treatment T1 (47.16 ± 4.60 
gm) compared to T2 and T3, although they remained sim-
ilar (p > 0.05) to the control treatment. At week 8, the T3 
treatment exhibited a significantly (p < 0.05) higher mean 
weight gain value than the other treatments. At the fifth 

Figure3. Weekly evolution of the body weight of quails as a function of experimental diets. (a) Combined live weight. (b) Male.  
(c) Female.
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week, in females, the control batch had a significantly (p < 
0.05) higher weight gain than treatments T1 and T3. At the 
end of the trial, treatment T2 had a significantly (p < 0.05) 
higher weight gain (47.75 ± 2.40 gm) than the control 
(32.22 ± 3.14 gm), which in turn was higher than T3. A sig-
nificantly (p < 0.05) lower value of the AWG was recorded 
in the T1 treatment (19.02 ± 1.01 gm).

Feed conversion ratio

The evolution of the FCR, regardless of the sex, according 
to the level of substitution of fish meal with cricket meal 
is shown in Figure 5. It can be seen that the FCR increases 
with age. At week 5, the 15% substitution treatment was 

significantly (p < 0.05) higher than the T2 FCR. At week 6, the 
control treatment was significantly higher than the T1 and T2 
treatments but remained similar to T3. The latter were, fur-
thermore, similar to the values of the T3 treatment. A reverse 
trend was observed at 7 and 8 weeks where the FCR of treat-
ment T2 was significantly greater than that of T1.

Carcass characteristics and proportions of parts and organs 
as a function of the level of substitution of fish meal with 
cricket meal

Carcass characteristics

Carcass characteristics and proportions of parts relative to 
body weight as a function of the level of substitution of fish 

Figure 4. Evolution of the AWG (gm) of quails according to the experimental diets. (a) Male. (b) Female.

Figure 5. Weekly evolution of the FCR according to the experimental diets.
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meal with cricket meal are summarized in Table 2. Except 
for neck proportions, carcass yield and part proportions 
were not significantly affected by the level of substitution 
of fish meal with cricket meal. Carcass yield ranged from 
69.52% (control) to 72.00% (T2) in males and from 62.15% 
(control) to 69.30% (T3) in females. Regardless of the sex, 
the lowest carcass yield was recorded with the control treat-
ment (65.83% ± 4.10%) and the highest with the T3 treat-
ment (69.93% ± 1.68%). However, there was an increase in 
carcass yield in birds fed cricket meal. The same trend was 
generally observed with the relative weights of the wings, 
back, and thighs. Even though there were no big differences 
in the values of the back, the proportions of this part got 
smaller when the cricket meal was used.

Relative weight of some organs in relation to body weight 
of quail

The effect of the substitution level of fish meal with cricket 
meal on the relative weight of some organs of quail is 

presented in Table 3. It can be seen that the proportions of 
abdominal fat and heart were not significantly affected by 
the substitution level. The proportions of liver in cricket 
meal treatments were found to be similar to those in the 
control and an ingestion of the feed with 45% (T3) substi-
tution of fish meal with cricket meal induced significantly 
lower liver proportions than in 15% and 30% substitution 
level treatments. The significantly higher proportions of 
gizzard were found in the T3 treatment compared to the 
other treatments, which were otherwise similar.

Effect of fish meal substitution with cricket meal on 
some reproductive parameters in quail.

Testes characteristics
The effect of substituting fish meal with cricket meal 

on testicular characteristics is summarized in Table 4. 
Although broadly similar, it can be seen that the relatively 
highest testes weights were recorded with the control 
compared to the other treatments. This was also the case 

Table 2.  Carcass characteristics of quails as a function of the substitution rate of fish meal with cricket meal.

Characteristics (%) Gender
Experimental diets (level of substitution)

T0 (00%) T1 (15%) T2 (30%) T3 (45%)

Carcass yields

Male 69.52 ± 1.10a 70.71 ± 3.33a 72.00 ± 1.21a 70.57 ± 1.85a

Female 62.15 ± 0.26a 65.47 ± 3.23a 63.15 ± 6.62a 69.30 ± 1.57a

Combined 65.83 ± 4.10a 68.09 ± 4.10a 67.58 ± 6.45a 69.93 ± 1.68a

Chest

Male 25.64 ± 0.95a 25.97 ± 2.41a 26.89 ± 1.70a 25.80 ± 1.39a

Female 22.59 ± 2.04a 23.17 ± 1.73a 23.07 ± 3.81a 26.22 ± 3.77a

Combined 24.11 ± 2.19a 24.57 ± 2.43a 24.98 ± 3.37a 25.80 ± 1.39a

Thigh

Male 15.69 ± 0.13a 16.28 ± 0.75 a 17.38 ± 1.21 a 16.61 ± 1.04 a

Female 14.82 ± 0.35 a 16.06 ± 1.29 a 14.70 ± 1.51 a 16.39 ± 1.95 a

Combined 15.26 ± 0.53 a 16.17 ± 0.96 a 16.04 ± 1.91 a 16.50 ± 1.40 a

Wings

Male 5.38 ± 0.62 a 5.99 ± 0.31 a 5.92 ± 0.48 a 5.37 ± 0.49 a

Female 4.89 ± 0.36 a 5.34 ± 0.57 a 5.13 ± 0.40 a 6.06 ± 0.42 a

Combined 5.13 ± 0.52 a 5.67 ± 0.54 a 5.52 ± 0.59 a 5.72 ± 0.56 a

Head

Male 3.06 ± 0.19 a 3.46 ± 0.19 a 3.34 ± 0.18 a 3.05 ± 0.17 a

Female 2.51 ± 0.21 a 2.62 ± 0.13 a 2.63 ± 0.14 a 3.10 ± 0.20 a

Combined 2.79 ± 0.35 a 3.04 ± 0.48 a 2.98 ± 0.41 a 3.08 ± 0.17 a

Leg

Male 1.46 ± 0.06 a 1.59 ± 0.22 a 1.53 ± 0.12 a 1.55 ± 0.19a

Female 1.46 ± 0.12 a 1.46 ± 0.11 a 1.37 ± 0.24 a 1.54 ± 0.29a

Combined 1.46 ± 0.08 a 1.53 ± 0.17 a 1.45 ± 0.19 a 1.54 ± 0.219 a

Neck

Male 6.75 ± 0.68 ab 7.39 ± 1.08 b 6.91 ± 1.53 ab 5.97 ± 0.99a

Female 6.35 ± 0.49 ab 7.66 ± 0.73 b 6.69 ± 0.98 ab 6.37 ± 0.89a

Combined 6.55 ± 0.58ab 7.52 ± 0.84b 6.80 ± 1.16 ab 6.17 ± 0.87a

Back

Male 16.06 ± 1.05a 14.37 ± 1.59 a 13.96 ± 0.93 a 13.86 ± 0.50a

Female 13.49 ± 2.03 a 12.35 ± 0.19a 12.72 ± 2.26 a 13.86 ± 0.50a

Combined 14.77 ± 2.02a 13.36 ± 1.50a 13.34 ± 1.69a 13.86 ± 0.50 a

a, b: in the same line, values with the same superscript are not significantly different (p > 0.05).
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for the gonadosomatic index, where the highest value 
(1.38% ± 0.16%) was recorded with the control group and 
the lowest with those substituted at 15% and 45% with 
cricket meal. Testicular height and diameter were also not 
affected by the substitution rate. Even though the shape 
index was higher for the T3 treatment (45%) than for the 
other treatments, this parameter was the same at all sub-
stitution levels.

Laying performances

The evolution of laying performance, regardless of the sex, 
according to the level of substitution of fish meal with cricket 

meal is shown in Figure 6. It can be seen from the figure that 
a higher laying rate at the beginning of the laying period of 
quails was recorded with the control group. The 30% (T2) 
substitution of fish meal with cricket meal in the quail feed 
presented the same laying rate as the control in 8-week-old 
females. It has also been noticed that a 45% substitution rate 
induced the worst laying rate during the trial period.

Discussion

With the exception of treatment T2, where FI was the 
same as the control, there was a significant reduction in 

Table 3.  Relative weight of some organs in relation to the body weight of quails.

Characteristics Gender
Experimental diets (level of substitution)

T0 (00%) T1 (15%) T2 (30%) T3 (45%)

Liver

Male 1.45 ± 0.39 ab 2.10 ± 0.44 b 2.06 ± 0.46 b 1.71 ± 0.12 a

Female 3.05 ± 0.63 ab 3.06 ± 0.45 b 2.75 ± 0.23 b 1.93 ± 0.12 a

Combined 2.24 ± 0.99 ab 2.58 ± 0.60 b 2.40 ± 0.50 b 1.82 ± 0.16 a

Heart

Male 0.91 ± 0.04 a 0.86 ± 0.08 a 0.83 ± 0.09 a 0.80 ± 0.16 a

Female 0.77 ± 0.11 a 0.79 ± 0.11 a 0.71 ± 0.15 a 0.77 ± 0.04 a

Combined 0.84 ± 0.11 a 0.83 ± 0.09 a 0.77 ± 0.13 a 0.78 ± 0.11 a

Guizard

Male 1.76 ± 0.37 a 1.95 ± 0.30 a 1.77 ± 0.18 a 2.22 ± 0.38 b

Female 1.63 ± 0.20 a 2.00 ± 0.32 a 1.32 ± 0.04 a 2.68 ± 0.70 b

Combined 1.70 ± 2.27 a 1.97 ± 0.28 a 1.55 ± 0.27 a 2.45 ± 0.56 b

Abdominal fat

Male 1.00 ± 0.53 a 0.44 ± 0.40 a 0.89 ± 0.65 a 1.13 ± 0.47 a

Female 2.16 ± 0.32 a 1.84 ± 0.50 a 1.37 ± 0.10 a 1.15 ± 0.52 a

Combined 1.58 ± 0.74 a 1.14 ± 0.87 a 1.13 ± 0.49 a 1.14 ± 0.45 a

a, b: in the same line, values with the same superscript are not significantly different (p > 0.05).

Table 4.  Testicular characteristics as affected by the substitution rate of fish meal with cricket meal.

Characteristics
Experimental diets (substitution rate)

T0 (00%) T1 (15%) T2 (30%) T3 (45%)

Weight

Left 1.32 ± 0.01a 0.72 ± 0.49a 1.15 ± 0.40a 0.89 ± 0.73a

Right 1.36 ± 0.17a 0.72 ± 0.50a 1.02 ± 0.32a 0.98 ± 0.81a

Total 2.69 ± 0.16a 1.44 ± 0.99a 2.17 ± 0.71a 1.88 ± 1.54a

Testicular left/right ratio 0.98 ± 0.12a 1.01 ± 0.13a 1.12 ± 0.12a 0.96 ± 0.10a

Gonadosomatic index 1.38 ± 0.16a 0.81 ± 0.62a 1.08 ± 0.46a 0.83 ± 0.69a

Height

Left 22.47 ± 0.19a 17.86 ± 4.64a 22.22 ± 1.96a 19.30 ± 9.83a

Right 22.40 ± 2.07a 17.47 ± 3.41a 20.39 ± 2.90a 18.30 ± 9.77a

Average 22.44 ± 1.13a 17.67 ± 4.02a 21.31 ± 2.43a 18.8 ± 9.8a

Diameter

Left 12.49 ± 1.62a 9.52 ± 1.76a 12.12 ± 1.63a 11.66 ± 6.18a

Right 12.64 ± 1.35a 10.03 ± 1.28a 12.31 ± 1.13a 12.92 ± 6.81a

Average 12.57 ± 1.49a 9.78 ± 1.52a 12.22 ± 1.38a 12.29 ± 6.50a

Shape index

Left 0.55 ± 0.07a 0.54 ± 0.05a 0.55 ± 0.05a 0.59 ± 0.04a

Right 0.57 ± 0.11a 0.58 ç± 0.10a 0.61 ± 0.13a 0.70 ± 0.06a

Average 0.56 ± 0.09a 0.56 ± 0.07a 0.58 ± 0.09a 0.65 ± 0.05a

a, b: in the same line, values with the same superscript are not significantly different (p > 0.05).
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the treatments substituted at 15% and 45% compared to 
the control treatment. These results corroborate those of 
Deshpande et al. [13], who reported a decrease in FI and 
body weight gain in broiler diets involving a 50%–100% 
substitution of fish meal with silkworm meal. However, 
our observations are opposite to those of Liu and Lian [14], 
who replaced 20% and 40% of fish meal with grasshopper 
meal in broiler diets without any effect on FI and weight 
gain. Studies have also been carried out on Japanese quails 
during the egg-laying phase by Khan [15], who recorded 
an increase in FI by substituting the basic feed from 5% to 
15%. These variations could be due to the genetic material, 
growth phase, or even the quality of the sources and pro-
cesses used to obtain the insect powder. Indeed, the char-
acteristics of the insect meal vary with the type of insect, 
as well as the drying and grinding processes that induce 
acceptability and selective growth among birds [16–18].

Except for the males, in which body weight increased 
significantly with the level of substitution of fish meal 
with cricket meal, treatment T2 (30%) induced in females 
and regardless of the sex, body weights were significantly 
higher than those of the other treatments and would 
reflect better feed assimilation due to a level of protein 
that would be optimal in this diet. The results also show 
that males seem to value cricket meals better than females. 
The values obtained in this study are consistent with the 
results of studies conducted by Djitie et al. [19] and De 
Lemos et al. [20] on the impact of the level of crude protein 
on quail growth in the finisher period in the highlands of 
Cameroon and the effect of some feed formulas on the zoo-
logical technical performance and biochemical profile of 

Japanese quails. This would indicate that this local protein 
source is suitable for feeding growing quails. Females fed 
45% cricket meal had a lower body weight throughout the 
trial. Several studies have shown that increasing the pro-
tein content of the diet above a certain level in growing ani-
mals would usually have a negative effect on the weight of 
the animals, on both protein synthesis [21] and hormonal 
balance [22], due to the high fiber content.

In males, regardless of the sex, substitution of fish 
meal with cricket meal induced a significant decrease in 
the FCR as compared to the control group. A similar trend 
was recorded by Fitroh et al. [18], who noted a reduction 
in FCR by substituting cricket meal (A. domesticus) with 
the basal diet of 5%–15% in laying quails. A similar trend 
was recorded by Fitroh et al. [18], who noted a reduction 
in FCR by substituting cricket meal (A. domesticus) with 
5%–15% of the basal diet in laying quails. Similarly, the 
work of Permatahati et al. [23], on the effect of cricket 
(Gryllus bimaculatus) meal on the production and physical 
quality of Japanese quail eggs, is noteworthy. These obser-
vations would indicate a better feed conversion in the 
groups considered. Indeed, the lower the FCR, the better 
the feed assimilated [24].

A much higher FCR was recorded for the control batches 
for the whole growth period, from 3.7 to 10.2 [25–27], but 
also lower FCR (from 2.72 to 3.32) by Bonos et al. [28], and 
a similar FCR to our control batch [20,29]. According to 
Kanyinji and Moonga [30], the increase in FCR may be a 
consequence of wastage and its reduction may be related 
to high fiber content. According to Reda et al. [31], fac-
tors influencing the FCR are environmental temperature, 

Figure 6. Evolution of the laying rate of quails according to the experimental diets.
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genetics, body weight, feed nutrient content, and gender 
differences due to variation in FI.

Although broadly similar, carcass yields increased rel-
atively with the level of substitution. Similar trends were 
recorded by Cullere et al. [32] and Schiavone et al. [17], 
who, working on the effect of using black soldier fly lar-
vae as a dietary protein source on the carcass and meat 
characteristics of broiler quail, and the use of defatted 
black soldier fly meal as a source of feed protein on broiler 
carcass characteristics and breast quality, respectively, 
noted a substantial increase in carcass yield when using 
black soldier fly larvae as a partial source of feed protein. 
These observations could reflect a higher protein content 
of insects compared to conventional protein sources, for 
instance, fish meal and soybean meal. Indeed, according to 
Józefiak and Engberg [33], the insect group comprises the 
largest variety of species in the world, and suitable species 
affording high concentrations of sulfur and protein-con-
taining amino acids have been identified and can be suc-
cessfully exploited in poultry feed.

Carcass yield values in our study were higher than 
the ones recorded with the control and in various quail 
species, including Pharaoh quails at 35 and 42 days by 
Wilkanowska et al. [34], meadow quails at 49 days by Vali 
[35], and Japanese quails between 35 and 56 days [35–37]. 
Furthermore, our values are close to those reported by 
Djitie et al. [19] for quails in the West Cameroon highlands 
and Seyed-Alireza et al. [38] for Japanese quails. The car-
cass yields of the T0 and T1 treatments of males were also 
similar to those noted by Baylan et al. [39] and Bonos et 
al. [28] at 35 and 42 days, respectively. These observations 
suggest that carcass yields are primarily affected by sex 
[19,37] and age of the animals rather than genetic type, as 
Vali [35] reported carcass yields of 60.13% and 60.37% at 
49 days for Japanese quails and grassland quails, respec-
tively. Fish meal seems to have at least the same effect on 
the number of quail carcasses that cricket meal does.

Although similar, breast, thigh, wing, and head propor-
tions were relatively higher in animals fed cricket meal. 
This could reflect the higher nutrient content of the cricket 
meal compared to fish meal.

Although not significant, the proportions of the differ-
ent parts of the carcass were relatively higher in quails 
consuming a feed containing cricket meal. This trend is 
contrary to that of Marareni and Mnisi [40], who found a 
reduction in the values of these components in their work 
on the study of growth performance, serum biochemistry, 
and meat quality in Jumbo quails given a diet comprising 
mopane worm meal (Imbrasia belina). However, this is 
not the case for the work of Cullere et al. [32], Hatab et al. 
[41], and Woods et al. [42], who fed birds with black sol-
dier fly or Hermetia illucen larvae collected from different 

substrates and noted an increase in the values of the car-
cass proportions.

The proportions of the wishbone and back were gen-
erally lower than those noted by the majority of authors, 
regardless of the species and age of the quails, but the 
proportions of the head were higher than those obtained 
by Djitie et al. [19] at 49 days in the same species. These 
observations suggest that with a specific genetic type, the 
values of these parameters would be comparable, regard-
less of age, as confirmed by the work of Wilkanowska and 
Kokoszynski [43], who reported comparable values for 
the proportions of the wishbone and the back in Pharaoh 
quails between 33 and 42 days. From our results, it appears 
that cricket meal used up to 30% independently of sex rel-
atively increased liver proportions, which subsequently 
dropped to 45% use. A reduction in relative heart weight 
and abdominal fat was also observed. These results are 
contradictory to those of Schiavone et al. [17], who supple-
mented broilers with defatted black soldier fly meal and 
noted a reduction in liver proportions. At 15% supplemen-
tation, they noted an increase in liver proportions.

Liver proportions were significantly affected by cricket 
meal at 15% and 30%. This is in line with the work of De 
Lemos et al. [20] at 30% FT on the effect of some dietary 
formulations on quails. According to Akiba and Matsumoto 
[44], high fiber diets decrease hepatic lipogenesis, leading 
to a reduction in hepatic lipid deposition and fatty acid 
synthesis from glucose. Contrary to our work, Djitie et al. 
[19], in their work on protein requirements of growing 
and breeding quails, obtained this result with 22% protein 
content in their diet. For them, these observations could 
reflect the hyperactivity of these organs compared to those 
of the other treatments. If we consider that the protein 
level contained in the T1 and T2 treatments is higher than 
the quail’s needs in finishing, the liver, which is an organ of 
detoxification of the organism, would act and its hyperac-
tivity would lead to its hypertrophy [19].

The testicular weight noted with the control treatment 
is higher than those observed by Vatsalya and Kashmiri 
[45], but those obtained with the T2 treatment (30%) at 
56 days are higher than the latter and those obtained by 
Wilkanowska et al. [34] on Pharaoh quails. This can be 
justified by the fact that the latter’s readings were taken 
on animals younger than ours, as testicular weights and 
volumes generally increase with age until puberty and 
reach maximum values at the sexual period [9,46]. The 
present study showed that the left testis weight is almost 
always more developed than that of the right testis, which 
is consistent with previous studies in quails [19]and birds 
[9,45,47]. The rapid testicular growth in the quails in our 
trial is thought to be due to the high propagation of Sertoli 
cells. Their increase in size results in the expansion of the 



http://bdvets.org/javar/	 � 320Djitie et al. / J. Adv. Vet. Anim. Res., 9(2): 310–322, June 2022

seminiferous tubules, which translates into a progressive 
rise in testicular mass and volume [9,48].

In our trial, the first eggs and songs were observed with 
the T1 (15%) females aged between 6 and 7 weeks, in con-
trast to the observations made by Hassan et al. [49] at 50 
days with his control batch. Sexual maturity was observed 
between 60 and 62 days by Retes et al. [25]. The sexual 
maturity of Japanese quails and other animals can be influ-
enced by genetic factors, body weight, and other factors 
[50–53]. For De Lemos et al. [20], anti-nutritional factors 
are the causes of a delay in growth and are responsible for 
a decrease in weight and, consequently, an effect on the 
delay of sexual maturity.

The substitution of fish meal with cricket meal had effects 
on egg weight. It was noted that from the eigth week of our 
study, the highest egg weight was recorded with a 30% sub-
stitution rate, which otherwise would have had the highest 
feed consumption values, in accordance with the work of 
De Lemos et al. [20]. The egg production of treatment T2 
(30% substitution rate) is close to that of the control treat-
ment and equal to the latter at 8 weeks, the low rate of lay-
ing observed in our study, according to Retes et al. [25], who 
attributed the low egg production to the fact that the calcu-
lation started from the first egg laid. According to De Lemos 
et al. [20], the low laying rate could be due to the fact that the 
quails used are not genetically selected for laying.

Conclusion

This study revealed that fish meal can be substituted by 
cricket meal in quail farming for economic production 
and valorization of this unconsidered local resource. The 
substitution rate of 30% seems to be more appropriate to 
improve the growth and egg laying performance of quail as 
it induced higher body weight and lower FCR as compared 
to the control group. The 45% replacement of fish meal by 
cricket flour seems to not be suitable for early laying carri-
ers in quails since the lowest laying rate was recorded with 
this rate. The study of the reasons for this poor perfor-
mance at a relatively high level of substitution associated 
with the characterization of cricket meal is considered for 
further research. 

List of Abbreviations

AWG, average weight gain; °C, degree Celsius; FCR, feed 
conversion ratio; FI, feed intake; g, gram; kcal, kilocalories; 
kg, kilogram; mm, millimeter; USD, United States dollar.

Acknowledgment

The authors thank the Agence Universitaire de la 
Francophonie–Bureau Europe Centrale et Orientale (AUF-
ECO), a financial organization supporting the international 

scientific and research cooperation between Cameroun 
and Romania within the ROCADURAVES project—“Parte-
nariat scientifique roumaino-camerounaise pour une 
aviculture durable, produits sains, dans le respect du bien-
être des humains et des animaux”.

Conflict of interest

The authors declare that they have no conflict of interest.

Authors’ contribution

FDK, RMRR, and NTL designed the study, interpreted the 
data, and drafted the manuscript. BA and MB was involved 
in collection of data and also contributed in manuscript 
preparation. IMP and MGU took part in preparing and crit-
ical checking of this manuscript.

References 
[1]	 Bailey CA. Precision poultry nutrition and feed formulation. In: 

Animal agriculture: sustainability, challenges and innovations, 
2019, Elsevier, Fuller WB, Lamb GC, Guoyao W. Department 
of Animal Science, Texas A&M University, College Station, 
TX, United States pp 367-378; https://doi.org/10.1016/
B978-0-12-817052-6.00021-5

[2]	  Redlingshöfer B, Coudurier B, Bareille N. État des lieux des pertes 
alimentaires et potentiel d’utilisation des sous-produits animaux 
par les filières animales. INRA Prod Anim 2019; 32(1); 67-84 
https://doi.org/10.20870/productions-animales.2019.32.1.2454

[3]	 Cashion T, Le Manach F, Zeller D, Pauly D. Most fish destined 
for fishmeal production are food‐grade fish. Fish Fish 2017; 
18(5):837–44; https://doi.org/10.1111/faf.12209

[4]	 Van Huis A. Edible crickets, but which species? J Insects Food Feed 
2020; 6(2):91–4; https://doi.org/10.3920/JIFF2020.x001

[5]	 Montowska M, Kowalczewski PŁ, Rybicka I, Fornal E. Nutritional 
value, protein and peptide composition of edible cricket pow-
ders. Food Chem 2019; 289:130–8; https://doi.org/10.1016/j.
foodchem.2019.03.062

[6]	 Igual M, García-Segovia P, Martínez-Monzó J. Effect of Acheta 
domesticus (house cricket) addition on protein content, colour, tex-
ture, and extrusion parameters of extruded products. J Food Eng 
2020; 282; 1-6; https://doi.org/10.1016/j.jfoodeng.2020.110032

[7]	 Lukanov H, Pavlova I. Domestication changes in Japanese quail 
(Coturnix japonica): a review. World’s Poult Sci J 2020; 76(4); 1-15; 
https://doi.org/10.1080/00439339.2020.1823303 page 1-15

[8]	 Biagini F. Petits et mini-élevages dans le monde: principales espèces 
d’intérêt. Synthèse bibliographique. In: Biologie géosciences agro 
ressources et environnement productions animales en régions 
chaudes synthèse, Ecole Nationale Supérieure Agronomique de 
Montpellier Place Viala, Cirad-Agritrop, Montpellier, France, 31 p, 
2006. https://agritrop.cirad.fr/536515/Cirad - Agritrop

[9]	 Sauveur B. Reproduction des volailles et production d’œufs. INRA 
Editions, Paris, France, 450 p, 1988.

[10]	 Tunsaringkarn T, Tungjaroenchai W, Siriwong W. Nutrient bene-
fits of quail (Coturnix coturnix japonica) Eggs. Int J Sci Res 2013; 
3(5):1–8.

[11]	 Genchev A, Mihaylov R. Slaughter analysis protocol in experi-
ments using Japanese quails (Coturnix Japonica). Trakia J Sci 2008; 
6(4):66–71.

[12]	 Djitie Kouatcho F Kenfack A, Ngoula F, Teguia A. Sexual maturity 
prediction based on hormonal profiles, testes and semen charac-
teristics in male Coturnix quail (Garsault, 1764) in the Western 
Highlands of Cameroon. Int J Agron Agric Res 2015b; 7(4):143–54.

https://doi.org/10.1016/B978-0-12-817052-6.00021-5 
https://doi.org/10.1016/B978-0-12-817052-6.00021-5 
https://doi.org/10.20870/productions-animales.2019.32.1.2454 
https://doi.org/10.1111/faf.12209
https://doi.org/10.3920/JIFF2020.x001
https://doi.org/10.1016/j.foodchem.2019.03.062
https://doi.org/10.1016/j.foodchem.2019.03.062
https://doi.org/10.1016/j.jfoodeng.2020.110032 
https://doi.org/10.1080/00439339.2020.1823303 
https://agritrop.cirad.fr/536515/Cirad - Agritrop


http://bdvets.org/javar/	 � 321Djitie et al. / J. Adv. Vet. Anim. Res., 9(2): 310–322, June 2022

[13]	 Deshpande SS, Barmase BS, Dharmadhikari DN, Rekhate DH. Effect 
of locally available undeoiled, untreated silkworm pupae meal on 
layer chicks. Poult Adv 1996; 29:35–8.

[14]	 Liu CM, Lian ZM. Influence of Acrida cinerea replacing Peru fish 
meal on growth performance of broiler chickens. J Econ Anim 
2003; 7(1):48–51. 

[15]	 Khan SH. Recent advances in role of insects as alternative protein 
source in poultry nutrition. J Appl Anim Res 2018; 46(1):1144–57; 
https://doi.org/10.1080/09712119.2018.1474743

[16]	 Kim HW, Setyabrata D, Lee Y, Jones OG, Kim YHB. Effect of house 
cricket (Acheta domesticus) flour addition on physicochem-
ical and textural properties of meat emulsion under various 
formulations. J Food Sci 2017; 82(12):2787–93; https://doi.
org/10.1111/1750-3841.13960

[17]	 Schiavone A, Dabbou S, Petracci M, Zampiga M, Sirri F, Biasato I, et 
al. Black soldier fly defatted meal as a dietary protein source for 
broiler chickens: effects on carcass traits, breast meat quality and 
safety. Animal 2019; 13(10):2397–405; https://doi.org/10.1017/
S1751731119000685

[18]	 Fitroh BA, Respati AN, Putri D, Dughita A. The effect of cricket flour 
addition (Acheta domesticus) in feed on production performance 
of quail (Cortunix cortunix japonica). Bantara J Anim Sci 2020; 
2(1):2657–1587; https://doi.org/10.32585/bjas.v2i1.640

[19]	 Djitie Kouatcho F, Kana JR, Ngoula F, Nana NFC, Teguia A. Effet du 
niveau de protéines brutes sur la croissance et la carcasse chez la 
caille (Coturnix sp.) en phase de finition dans les Hautes Terres du 
Cameroun. Livest Res Rural Dev 2015a; 27(8):1–10.

[20]	 De Lemos MJ, Calixto LFL, Souza DS, Reis TL, Nascimento AA, 
Oliveira CA. Comparative effect of the inclusion of zootechni-
cal additives in the feed of Japanese quails in two productive 
phases. An Acad Bras Cienc 2018; 90(4):3313–25; https://doi.
org/10.1590/0001-3765201820170801

[21]	 Baker DH. Advances in protein-amino acid nutrition of poul-
try. Amino Acids 2009; 37(1); 29-41 https://doi.org/10.1007/
s00726-008-0198-3

[22]	 He W, Li P, Wu G. Amino acid nutrition and metabolism in chick-
ens. Adv Exper Med Biol 2021; 1285;109–131 https://doi.
org/10.1007/978-3-030-54462-1_7 pp 109–131

[23]	 Permatahati D, Mutia R, Astuti DA. Effect of cricket meal (Gryllus 
bimaculatus) on production and physical quality of Japanese quail 
egg. Trop Anim Sci J 2019; 42(1):53–8; https://doi.org/10.5398/
tasj.2019.42.1.53

[24]	 Siyadati SA, Irani M, Ghazvinian K, Mirzaei-Aghsaghali A, Rezaipoor 
V, Fathi H, et al. Effect of varying dietary energy to protein ratio on 
productive performance and carcass characteristics of Japanese 
quail. Ann Biol Res 2011; 2(1):149–55.

[25]	 Retes PL, das Neves DG, Bernardes LF, Lima D de R, Ribeiro CB, 
Gonçalves N de C, et al. Reproductive characteristics of male and 
female Japanese quails (Coturnix coturnix japonica) fed diets with 
different levels of crude protein during the growth and production 
phases. Livest Sci 2019; 223; 124-132; https://doi.org/10.1016/j. 
livsci.2019.03.011

[26]	 Matin N, Utterback P, Parsons CM. True metabolizable energy and 
amino acid digestibility in black soldier fly larvae meals, cricket 
meal, and mealworms using a precision-fed rooster assay. Poult Sci 
2021; 100(7); 1-7; https://doi.org/10.1016/j.psj.2021.101146

[27]	 Caglayan T, Seker E. Effet of Mentha caucasica on growth perfor-
mance and carcass characteristics of Japanese quail (Coturnix 
coturnix japonica). J Anim Vet Adv 2013; 12(8):909–13.

[28]	 Bonos EM, Christaki EV, Florou-Paneri PC. Effect of dietary supple-
mentation of mannan oligosaccharides and acidifier calcium pro-
pionate on the performance and carcass quality of Japanese quail 
(Coturnix japonica). Int J Poult Sci 2010; 9:264–72; https://doi.
org/10.3923/ijps.2010.264.272

[29]	 Chantiratikul A, Chantiratikul P, Sangdee A, Maneechote U, 
Bunchasak C, Chinrasri O. Performance and carcass characteristics 
of japanese quails fed diets containing Wolffia meal [Wolffia globosa 

(L). Wimm.] as a protein replacement for Soybean Meal. Int J Poult 
Sci 2010; 9(6):562–6; https://doi.org/10.3923/ijps.2010.562.566

[30]	 Kanyinji F, Moonga M. Effects of replacing maize meal with rumen 
filtrate-fermented cassava meal on growth and egg production 
performance in Japanese quails (Coturnix japonica). J Adv Vet Anim 
Res 2014; 1(3):100–6; https://doi.org/10.5455/javar.2014.a19

[31]	 Reda FM, Ashour EA, Alagawany M, Abd El-Hack ME. Effects 
of dietary protein, energy and lysine intake on growth perfor-
mance and carcass characteristics of growing japanese quails. 
Asian J Poult Sci 2015; 9(3):155–4; https://doi.org/10.3923/
ajpsaj.2015.155.164

[32]	 Cullere M, Tasoniero G, Giaccone V, Miotti-Scapin R, Claeys E, de 
Smet S, et al. Black soldier fly as dietary protein source for broiler 
quails: apparent digestibility, excreta microbial load, feed choice, 
performance, carcass and meat traits. Animal 2016; 10(12):1923–
30; https://doi.org/10.1017/S1751731116001270

[33]	 Sebatta C, Ssepuuya G, Sikahwa E, Mugisha J, Diiro G, Sengendo 
M, et al. Farmers’ acceptance of insects as an alternative pro-
tein source in poultry feeds. Int J Agric Res Innov Technol 2018; 
8(2):32–41; https://doi.org/10.3329/ijarit.v8i2.40553

[34]	 Wilkanowska A, Kokoszyński D, Cieślińska J. Body conformation 
and morphometry of some internal organs of Pharaoh quail of dif-
ferent ages. J Central Eur Agric 2013; 14(2):836–46; https://doi.
org/10.5513/JCEA01/14.2.1273

[35]	 Vali N. Growth, feed consumption and carcass composition 
of Coturnix japonica, Coturnix ypsilophorus and their recipro-
cal crosses. Asian J Poult Sci 2009; 3(4):132–7; https://doi.
org/10.3923/ajpsaj.2009.132.137

[36]	 Ozbey O, Ozcelik M. The effect of high environmental temperature 
on growth performance of Japanese quails with weights. Int J Poult 
Sci 2004; 7:468–70; https://doi.org/10.3923/ijps.2004.468.470

[37]	 Alkan S, Karabağ K, Galiç A, Karsli T, Balcioğlu MS. Determination 
of body weight and some carcass traits in Japanese quails of differ-
ent lines. Kafkas Univ Vet Fak Derg. 2010; 16(2):277–80.

[38]	 Seyed-Alireza S, Mehrdad I, Khosro G, Afshar M, Vahid R, Hasan F, 
et al. Effect of varying dietary energy to protein ratio on productive 
performance and carcass characteristics of Japanese quail. Anim 
Biol Res 2011; 2(1):149–55.

[39]	 Baylan M, Canogullaril S, Ayasan T, Sahin A. Dietary threonine 
supplementation for improving growth performance and edi-
ble carcass parts in Japanese quails, (Coturnix coturnix japon-
ica). Int J Poult Sci 2006; 5(7):635–8; https://doi.org/10.3923/
ijps.2006.635.638

[40]	 Marareni M, Mnisi CM. Growth performance, serum biochem-
istry and meat quality traits of Jumbo quails fed with mopane 
worm (Imbrasia belina) meal-containing diets. Vet Anim Sci 2020; 
10:100141; https://doi.org/10.1016/j.vas.2020.100141

[41]	 Hatab MH, Ibrahim NS, Sayed WA, Sabic EM. Potential value of 
using insect meal as an alternative protein source for Japanese 
quail diet. Rev Bras Cienc Avic 2020; 22(1):1–10; https://doi.
org/10.1590/1806-9061-2017-0700

[42]	 Woods MJ, Cullere M, van Emmenes L, Vincenzi S, Pieterse E, 
Hoffman LC, et al. Hermetia illucens larvae reared on different 
substrates in broiler quail diets: effect on apparent digestibility, 
feed-choice and growth performance. J Insects Food Feed, 2019; 5 
(2):89–98; https://doi.org/10.3920/JIFF2018.0027

[43]	 Wilkanowska A, Kokoszynski D. Comparison of slaughter value 
in pharaoh quail of different ages. J Central Eur Agric 2011; 
12(1):145–54; https://doi.org/10.5513/JCEA01/12.1.891

[44]	 Akiba Y, Matsumoto A. Effects of dietary fibers on lipid metabolism 
in liver and adipose tissue in chicks. J Nutr 1982; 112:1577–85; 
https://doi.org/10.1093/jn/112.8.1577

[45]	 Vatsalya V, Kashmiri LA. Allometric growth of testes in relation to 
age, body weight and selected blood parameters in male Japanese 
quail (Coturnix japonica). Int J Poult Sci 2012; 11(4):251–8; 
https://doi.org/10.3923/ijps.2012.251.258

https://doi.org/10.1080/09712119.2018.1474743
https://doi.org/10.1111/1750-3841.13960
https://doi.org/10.1111/1750-3841.13960
https://doi.org/10.1017/S1751731119000685
https://doi.org/10.1017/S1751731119000685
https://doi.org/10.32585/bjas.v2i1.640
https://doi.org/10.1590/0001-3765201820170801
https://doi.org/10.1590/0001-3765201820170801
https://doi.org/10.1007/s00726-008-0198-3
https://doi.org/10.1007/s00726-008-0198-3
https://doi.org/10.1007/978-3-030-54462-1_7
https://doi.org/10.1007/978-3-030-54462-1_7
https://doi.org/10.5398/tasj.2019.42.1.53
https://doi.org/10.5398/tasj.2019.42.1.53
https://doi.org/10.1016/j. livsci.2019.03.011
https://doi.org/10.1016/j. livsci.2019.03.011
https://doi.org/10.1016/j.psj.2021.101146 
https://doi.org/10.3923/ijps.2010.264.272
https://doi.org/10.3923/ijps.2010.264.272
https://doi.org/10.3923/ijps.2010.562.566
https://doi.org/10.5455/javar.2014.a19
https://doi.org/10.3923/ajpsaj.2015.155.164
https://doi.org/10.3923/ajpsaj.2015.155.164
https://doi.org/10.1017/S1751731116001270
https://doi.org/10.3329/ijarit.v8i2.40553
https://doi.org/10.5513/JCEA01/14.2.1273
https://doi.org/10.5513/JCEA01/14.2.1273
https://doi.org/10.3923/ajpsaj.2009.132.137
https://doi.org/10.3923/ajpsaj.2009.132.137
https://doi.org/10.3923/ijps.2004.468.470
https://doi.org/10.3923/ijps.2006.635.638
https://doi.org/10.3923/ijps.2006.635.638
https://doi.org/10.1016/j.vas.2020.100141
https://doi.org/10.1590/1806-9061-2017-0700
https://doi.org/10.1590/1806-9061-2017-0700
https://doi.org/10.3920/JIFF2018.0027
https://doi.org/10.5513/JCEA01/12.1.891
https://doi.org/10.1093/jn/112.8.1577
https://doi.org/10.3923/ijps.2012.251.258


http://bdvets.org/javar/	 � 322Djitie et al. / J. Adv. Vet. Anim. Res., 9(2): 310–322, June 2022

[46]	 Deviche P, Hurley LL, Bobby FH. Avian testicular structure, func-
tion, and regulation, in: hormones and reproduction of vertebrates. 
In: David O, Norris, Kristin H (eds.). Birds, Elsevier Inc, Academic 
Press, New-York, USA pp 27–70, 2011; https://doi.org/10.1016/
B978-0-12-374932-1.00040-8

[47]	 Johnson AL. Reproduction in male. In: Sturkie PD (ed). Avian phys-
iology. 4th edition, Springer-Verlag, New York, NY, pp 432–51, 
1986; https://doi.org/10.1007/978-1-4612-4862-0_19

[48]	 Garamszegi LZ, Eens M, Hurtrez-Boussès S, Møller AP. Testosterone, 
testes size, and mating success in birds: a comparative study. 
Horm Behav 2005; 47:389–409; https://doi.org/10.1016/j.
yhbeh.2004.11.008

[49]	 Hassan SM, Mady ME, Cartwright AL, Sabri HM, Mobarak MS. Effect 
of early feed restriction on reproductive performance in Japanese 
quail (Coturnix coturnix japonica). Poult Sci 2003; 82:1163–9; 
https://doi.org/10.1093/ps/82.7.1163

[50]	 Van der Klein SAS, Bédécarrats GY, Zuidhof MJ. The effect of rear-
ing photoperiod on broiler breeder reproductive performance 

depended on body weight. Poult Sci 2018; 97(9):3286–94; https://
doi.org/10.3382/ps/pey199

[51]	 Elkomy HE, Taha AE, Basha HA, Abo-Samaha MI, Sharaf MM. 
Growth and reproduction performance of Japanese quails (Coturnix 
coturnix japonica) under various environments of light colors. 
Slovenian Vet Res 2019; 56:119–27; https://doi.org/10.26873/
SVR-749-2019

[52]	 Fernandez-Cassi X, Supeanu A, Vaga M, Jansson A, Boqvist S, 
Vagsholm I. The house cricket (Acheta domesticus) as a novel food: 
A risk profile. Int J Insects Food Feed 2019; 5(2):137–57; https://
doi.org/10.3920/JIFF2018.0021

[53]	 François DK, Akana AE, Radu-Rusu RM, Teodorescu A, Usturoi, MG, 
Ngoula F, et al. Effect of the quail phenotype and breeding age on 
egg laying and characteristics. Open J Anim Sci 2021; 11(02):208–
21; https://doi.org/10.4236/ojas.2021.112016

[54]	 Andreasson F, Nilsson JÅ, Nord A. Avian reproduction in a warming 
world. Front Ecol Evol 2020; 8:576331; https://doi.org/10.3389/
fevo.2020.576331

https://doi.org/10.1016/B978-0-12-374932-1.00040-8
https://doi.org/10.1016/B978-0-12-374932-1.00040-8
https://doi.org/10.1007/978-1-4612-4862-0_19
https://doi.org/10.1016/j.yhbeh.2004.11.008
https://doi.org/10.1016/j.yhbeh.2004.11.008
https://doi.org/10.1093/ps/82.7.1163
https://doi.org/10.3382/ps/pey199
https://doi.org/10.3382/ps/pey199
https://doi.org/10.26873/SVR-749-2019
https://doi.org/10.26873/SVR-749-2019
https://doi.org/10.3920/JIFF2018.0021
https://doi.org/10.3920/JIFF2018.0021
https://doi.org/10.4236/ojas.2021.112016
https://doi.org/10.3389/fevo.2020.576331
https://doi.org/10.3389/fevo.2020.576331

