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Abstract

This study aimed to investigate the effect of using different levels of American cockroach (Periplaneta americana) powder
on productive and physiological performance of Japanese quail (Coturnix japonica). One hundred and thirty-five, 45 days-old
of Japanese quail females were randomly divided into three groups (45 females for each). Each group has three replicates (15
females per each). The groups were included: The first group was fed on experimental diet included with 0 % of insect
powder and 6% of protein concentration as the control. The second group was fed on experimental diet included with 3% of
protein concentration and 3% of insect powder. The third group was fed on experimental diet included with 0 % of protein
concentration and 6% of insect powder. The results showed no significant in the egg weight, egg mass, feed conversion ratio
and mortality among groups. The birds in the third group were recorded a significant increase (P<0.05) in the egg production
(%), on the other hand, it recorded a less value in the feed intake compared to other groups. The results of relative weight of
ovaries and oviducts showed the birds in the third group were recorded a significant increase (P<0.05) compared to other
groups. On the other hand, the second group was recorded a significant increase (P<0.05) compared to first group (control).
The results were indicated no significant in the levels of estrogen hormone among groups. While, the results of the levels of
follicle stimulating hormone and luteinizing hormone were indicated a significant increase (P<0.05) in the third group
compared to other groups. In addition to, the second group was recorded a significant increase (P<0.05) compared to first
group (control). In conclusions, so far proves the potential of the American cockroach (P. americana) meal for use in quail
production systems. American cockroach (P. americana) food based feed can completely replace protein sources by 100 per
cent without negative effect on the productive performance of quail and, in some ways, can achieve better than conventional
protein based feeds such as protein concentrations. On the other hand, the American cockroach (P. americana) meal
improved physiological performance of quail.

Keywords: American cockroach, Quail, Physiological performance.

1. Introduction

The world's population is predicted to increase by more than a third, arrival over 9 billion persons in 2050, with the key
implication that the planet will have to generate 70% more food. As a result, livestock production would increase
exponentially to double the current level. The biggest challenge would therefore be to ensure that there is a global capacity to
provide adequate animal feed to prevent as much competition as possible with the demand for human food. In recent years,
rising protein concentration prices have become crucial to the economic sustainability of the birds meat industry, especially in
some developing nations[1]. Of this reason, insects have already been proposed as a high quality, effective and sustainable
different protein source of poultry [2]. Insects are proposed as an different protein source in poultry feed because of the same
contents[3]. Moving from conventional insect food protein sources can result in more efficient use of natural resources and
lower greenhouse gas emissions, as well as lower greenhouse gas emissions [4]. The potential of insect protein in poultry
diets has magnetize a great deal of attention due to the reasons mentioned above. Outdoor exposure chickens pick up insects
at all stages of life and eat them readily, suggesting that they are evolutionarily adapted to insects as a natural part of their
diet. [5]. It seems rational to allow the comprehension of insect proteins as raw materials to be used in commercial feed
production and to establish thorough insect farming systems. FAO strongly advocates the use of insects as human food and
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livestock feed as a method for alleviating hunger [6]. Due to all these positive characteristics, as well as being an insect
species acceptable for mass processing, various studies have been conducted to determine the probable for insect inclusion in
poultry diets. Insect meal was found to be a good source of nutrition, digestible amino acids, for chicken [7], broilers and
quails [8; 9] and Barbary partridge [10], maintaining optimum health status and demonstrating adequate growth efficiency
and overall quality of meat. One of the most promising insects species identified for industrial production is American
cockroach (Periplaneta americana). The food and agriculture organization of the united nations (FAO) proposed insects as a
different protein source for animal feed [11]. Therefore, this study aimed to study the effect of using different levels of
American cockroach (Periplaneta americana) powder on productive and physiological performance of Japanese quail
(Coturnix japonica).

2. Materials and Methods

The present study was conducted in the quails farm in the Agriculture College, Basrah University, Basrah city, Irag.

2.1.Insect meals
The American cockroach insects were bred by collecting egg bags from the insect and growing it laboratory in breeding cages
in the laboratories of the Plant Protection Department, Agriculture College, Basrah University. The insects were dried and
ground with an electric grinder. Chemical analysis of insects powder Table 1 was implement according to [12].

Table 1. Chemical analysis of insects power.
%

Component (%)

Dry matter 96.2
Crude protein 80.15
Crude fat 5.80
Ash content 4.05

Crude fiber 10
2375

Metabolizable energy (kcal.kg™)

2.2. Experimental design

One hundred and thirty-five, 45-day-old Japanese quail females were randomly divided into three groups (45 birds for each).
Each group has three replicates (15 birds per group). Both birds are reared in cages (replicates) with measurements (100 x 51
x 49) cm. The birds were bred in the same breeding methods. The room temperature was held at 25°C from the start of the
research to the end of the study. The groups were included: the first group was fed on experimental diet included with 0 % of
insect powder and 6% of protein concentration as the control. The second group was fed on experimental diet included with
3% of protein concentration and 3% of insect powder. The third group was fed on experimental diet included with 0 % of
protein concentration and 6% of insect powder. The ingredients of the experimental diets are showed in Table 2

Table 2. Ingredients of the experimental diets (g/kg as fed)".

Ingredients % Diet 1 (control) Diet2 Diet3
Yellow corn 35 35 35
Wheat 25 25 25
Protein concentration 6 3 0
American Cockroach powder 0 3 6
Soybean meal 26.7 26.7 26.7
Soybean oil 15 15 15
Limestone 55 55 55
lodide salt 0.30 0.30 0.30
Total 100 100 100
Calculated composition
Metabolizable energy (kcal.kg™) 2947.1 2931.8 2916.5
Crude protein (%) 20.84 2148 2211
Crude fibre (%) 2.36 2.36 231
Ash (%) 5.06 4.93 481
Methionine (%) 0.55 0.37 0.35
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Lysine (%) 0.97 1.35 1.02
Methionine + Cysteine (%) 0.55 0.72 0.47
Calcium (%) 2.49 2.50 2.50
Phosphorus available (%) 0.32 0.40 0.39
Calorie: protein ratio 141.41 136.48 131.90

2.3. Productive performance

The productive performance including the estimated to eggs parameters, feed intake, feed conversion ratio and mortality. The
total number of egg, egg weight, egg mass and egg production (HD%) were determined according to [13] after 60 days from
study begins as follows:

MNo. of eges for 60 days
No. of hens x 60 days X

HD% = 100

HD
Accumulative number of eggs = Tﬁﬁx Mo.of days

Eggs mass = accumulative number of eggs ¥ eges weight

Feed intake was determined according to [14; 15]. The feed conversion ratio was determined by dividing the feed intake by
the egg mass. [16]. Mortality was recorded daily till this study end.

2.4. Organs relative weight

At the end of the 60 days of experiment, five birds of similar body weight from each group were used to study ovaries and
oviducts relative weight. The birds were randomly selected, individually weighed and slaughtered. Organs were collected,
weighed and expressed as a percentage of the live body weights.

2.5.Hormones measurement

During slaughter, blood samples from the Jugular vein were obtained and centrifuged at 3000 RPM for 10 minutes to extract
serum. The radioimmunoassay was used to test the serum hormones LH and FSH [17]. Serum estrogen hormone was tested
using an immunoassay kit (DRG Co, Germany).

2.6. Statistical analysis

All data were subjected to a one-way ANOVA procedure by using SPSS program software (2012) significant treatment
means were separated by using the Least Significant Difference (L.S.D.) test at P<0.05.

3. Results and Discussions
3.1. The productive performance

The productive performance of laying quails were presented in table 3. The results were indicated no significant in the egg
weight, egg mass, feed conversion ratio and mortality among groups. The birds in the third group were recorded a significant
increase (P<0.05) in the egg production, on the other hand, it recorded a less value in the feed intake compared to other
groups. American cockroach insects are a nutrient wealthy feed source: the protein and fat content values acquired in this
study are compatible with the literature data for this type of product [18]. Even if the feed efficiency and laying performance
of the quails are expected to decline gradually with age, the overall results of the laying quails in the present study were
satisfactory. These finding may be due to cockroaches were moderately high in crude protein. In addition to these protein
quality indices, there are other considerations such as the efficiency of conversion of organic side-streams, the viability of
mass production and product protection[11,19,20]. The harmful potential of cockroaches can also be reduced by using them
as food for poultry. [21]. Aigbodion et al,[22] indicated P. americana may be a different source of protein for birds in the
early stages of their production. The significantly lower incidence of mortality among birds fed with P. americana may be the
result of a potential improvement in their immunity. The use of insects in livestock diets could decrease the cost of protein
production for humans as insects turn food materials into tissues extremely well, and their rate of reproduction and fertility
gives them a competitive advantage as a feed source for birds. [23].
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Table 3. Effect of using different levels of American cockroach (Periplaneta americana) powder on the productive
performance of quails.

. . . . . X Mortalit
Groups Hen day production ~ Egg weight ~ Egg mass (g/bird/60 Feed intake ~ Feed conversion ratio y
P (%) © days) ) (9/9) %
Group 46.33° 12.64 585.78 1840.33° 3.15 Mortality
1 : ' : : %
Grg“p 48.00° 12.52 600.38 1823.67° 3.04 54.4
Grg“p 51.67° 12.45 642.78 1774.33" 2.77 4.44
SEM 0.866 0.168 10.67 10.948 0.065 2.22
P value 0.005 0.917 0.046 0.006 0.013 1.614

¥\ eans in the same column with no common superscript are different significantly (P<0.05).
3.2. Organs relative weight

The relative weight of ovaries and oviducts were explanted in table 4. The results showed the birds in the third group were
recorded a significant increase (P<0.05) compared to other groups. On the other hand, the second group was recorded a
significant increase (P<0.05) compared to first group (control). These finding may be due to the improvement of bird health
after feeding on the source of the insect protein. Insects are a good source of protein, amino acids and fat [3,24]. The full
replacement of the dietary protein concentrations meal by the American cockroach meal is responsible of several
modifications in the intestinal tracts of quail. The significant improvement in the relative weight of ovaries and oviducts of
quail fed the American cockroach meal it may be because the diet was designed with a high protein and a lower energy,
which met the quail requirements for maintenance and development. This may also be the product of the complementary
impact of the amino acid profile of American cockroach meal [18].

Table 4. Effect of using different levels of American cockroach (Periplaneta americana) powder on the relative weight of
ovaries and oviducts.

Groups Groupl Group2 Group3 SEM P value

Relative Weight of ovaries ~ 6.10° 6.22° 6.37°  0.041 0.003

5.86°
Relative Weight of oviducts 6.07° 6.28° 0.065 0.002

#CMeans in the same row with no common superscript are different significantly (P<0.05).
3.3. Hormones

Follicle stimulating hormone, luteinizing hormone and estrogen hormones level were showed in the table 5. The results were
indicated no significant in the levels of estrogen hormone among groups. While, While, the results of the levels of follicle
stimulating hormone and luteinizing hormone were indicated a significant increase (P<0.05)in the third group compared to
other groups. On the other hand, the second group was recorded a significant increase (P<0.05) compared to first group
(control). These finding may be due to high nutrition value for American cockroach meal. American cockroach (P.
americana) food has good nutrient quality and a good source of essentially fat, protein and other essential nutrients. [18].
This encouraged the improvement of bird health, increased blood circulation and thus raised the level of hormones. These
finding in agreement with those finding by [25] who indicated in animal studies a high protein diet improved sexual hormone
level. They also, showed the protein intake can be manage factor of sexual hormone levels. Thus, diet high in protein content
have a positive effect on follicle stimulating hormone and luteinizing hormone bioactivity.
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Table 5. Effect of using different levels of American cockroach (Periplaneta americana) powder on the some hormones

level.

Groups Groupl Group2 Group3 SEM P value

Follicle stimulating hormone (FSH) IU.L™*  4.81° 4,95 5.10° 0.043 0.001
Luteinizing hormone(LH) IU.L™ 3.89° 4.01° 410* 0.033 0.003

Estrogen (pg.ml™) 161.33 16733 168.00 1435 0.094

#CMeans in the same row with no common superscript are different significantly (P<0.05).

Conclusions

In conclusions, so far proves the potential of the American cockroach (P. americana) meal for use in quail production
systems. American cockroach (P. americana) food based feed can completely replace protein sources by 100 per cent without
negative effect on the productive performance of quail and, in some ways, can achieve better than conventional protein based
feeds such as protein concentrations. On the other hand, the American cockroach (P. americana) meal improved
physiological performance of quails.
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