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Performance and carcass traits of quails fed by diets containing mealworms
were investigated. A total of 200 mixed-sex one-day-old quail chicks were
used in the study. The basal diets were supplemented with 0, 2, 4 and 6 %
mealworm (Tenebrio molitor). Four levels of dietary mealworm were arranged
in a completely randomized design and the treatments were replicated five
times with 10 birds. The chicks were randomly assigned to among 20 cage
pens. Feed and water were supplied ad-libitum. In the first week of the study,
all quails were fed with the control diet. During the next four weeks, the quails
were fed with 4 experimental diets. There were significant differences in body
weight gain and feed conversion ratio between the treatment groups (P<0.05;
P<0.01). The body weight gain of quails fed by diet containing 6 % dietary
mealworm was lower than the quails fed by the diets containing 2 % meal-
worm. Feed conversion ratio increased by feeding with 4 and 6 % dietary
mealworm level when compared to the control and 2 % dietary mealworm
level group (P<0.01). Feed intake, carcass weight and carcass yield did not
differ among the dietary treatments. The study suggested that performance
parameters could be lower when dietary level of mealworm meal higher than 2

Performance

0,
Quail .

1. Introduction

There is a need for diets that require higher
amounts of protein to meet the amino acid require-
ments in order to increase the growth rate and egg
production of poultry (Hossain and Blair, 2007). How-
ever, the amino acid composition of plant-based pro-
teins for poultry is lower than that of animal-based
proteins, particularly in terms of the content of substan-
tially sulphur-containing amino acids such as methio-
nine. Soybean meal is the most widely used source of
vegetable protein in dietary formulations for poultry
due to its high quality and quantity of protein and suf-
ficient amino acid profile (Veldkamp et al., 2012). In
order to solve this problem and make poultry produc-
tion sustainable in the future, quality alternative protein
sources are needed. Recently, high demand for fish
meal has led to an increase in its price. In addition,
increasing production pressure on aquaculture has led
to an increase in the research for insect proteins for
aquaculture and livestock production (FAO, 2013).
Researching alternative and sustainable animal protein
sources is an important issue that requires viable solu-
tions in the short term and makes insects increasingly
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attractive. In recent years, the potential for the use of
insect-derived protein sources in poultry diets has at-
tracted much attention. Some insect species have been
proposed as an alternative feed additive due to their
high protein (30-70% KM) and fat content (30-40%
KM). The yellow mealworm (Tenebrio molitor) is
native to Europe and is a recognized pest of grain and
cereal products (Ramos-Elorduy et al. 2002). The
mealworm contains high amounts of crude protein (47-
60%) and fat (31-43%). Fresh larvae of mealworm
have a dry matter of 40% and a crude ash content of 1-
4.5%.

Some authors suggest that insects may be important
as an alternative source of protein for poultry nutrition
(Ramos-Elorduy et al. 2002; Veldkamp et al. 2012;
Makkar et al. 2014; Sanchez-muros et al. 2014; van
Huis 2015). The effects of mealworm supplementation
to the poultry diets on growth performance (Bovera et
al., 2015; Bovera et al., 2016; Biasato et al., 2016) and
carcass characteristics (Ballitoc and Sun, 2013; Bovera
et al., 2016; Biasato et al., 2016) have been recently
investigated. Biasato et al. (2016) confirmed that the
inclusion of the yellow meal worm did not affect the
performance of free-range chickens, so that mealworm
could be used safely in poultry diets. In another study,
these researchers (Biasato et al., 2018) suggested that
increasing levels of dietary mealworm meal inclusion
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in broiler diets may improve body weight and feed
intake. In addition, due to its high nutrient digestibility,
mealworms were reported to be an alternative protein
source for soybean meal and fish meal (Bovera et al.
2015).

The study aimed to evaluate growth performance
and carcass traits of quail chicks fed diets including
mealworm meal in order to determine optimum level.

2. Materials and Methods

A total of 200 mixed sex one-day-old quail chicks
were randomly allotted to 4 dietary treatments, each
consisting of 5 pens as replicates with 10 chicks per
pen. During the first 3 weeks, the animals were heated
by halogen lamps to maintain the suitable temperature
according to standard breeding practices. Lighting
schedule was 23 h light:1 h darkness during the exper-
iment. The yellow mealworm larvae (Tenebrio molitor)
was obtained from the company in commercial produc-
tion (Mira Ltd. Sti., Aksu-Antalya). The larvae were
submerged in a boiling water bath for 3 min, dried in
an oven at 80°C temperature, then milled.

A diet based on corn and soybean meal was formu-
lated and served as control, while 2, 4, and 6 % meal-
worm larvae meal inclusion as a partial replacement of

Table 1
Composition of experimental diets (as fed)

soybean meal and soybean oil constituted the 3 exper-
imental treatment groups (Table 1).

In the first week of the study, all quails were fed
with control diet. During the next four weeks the quails
were fed with 4 diets consisting of different levels of
mealworm. The experimental diets were isonitrogenous
and isoenergetic and were formulated. Diets met or
exceeded requirements and were adjusted according to
NRC (1994) Japanese quail nutrition specifications.
Feed and water were provided ad libitum.

Body weight and feed intake of quails was deter-
mined at weekly during the experiment. Feed conver-
sion ratio (FCR) was calculated as feed intake / body
weight gain (FI/BWG). On the last day (35 days) of the
experiment, 4 (two male and two female) quails from
each replicate were randomly selected and slaughtered.
These quails were weighed and cleaned, and then car-
cass weights were determined.

The data were analyzed by using the ANOVA in
Minitab (2000). If the treatments were found to be
significantly different, then Duncan’s multiple range
tests was used to determine the differences among
treatments (MStat C, 1995).

Dietary Mealworm Levels (%)

Ingredients (%)

0 2 4 6

Corn 50.1 50.0 50.0 52.0
Soybean Meal (44 % CP)* 42.5 40.3 38.2 35.8
Mealworm Meal (51 % CP)* 2.0 4.0 6.0
Sand 1.1 2.0 1.8
Vegetable oil 34 2.9 2.4 2.5
Limestone 1.1 1.6 2.2 1.8
Dicalcium phosphate 2.2 14 0.5
Salt 0.3 0.3 0.3 0.3
Vitamin-Mineral Premix’ 0.25 0.25 0.25 0.25
L-Lysine 0.15 0.15 0.15 0.15
TOTAL 100 100 100 100
Calculated Nutrients

Crude Protein (%) 24.15 24.11 24.12 24.14
Metabolizable Energy (kcal/kg) 2905 2904 2905 2902
Calcium (%) 1.05 1.06 1.07 1.06
Available Phosphorus (%) 0.52 0.53 0.53 0.53
Lysine (%) 1.38 1.40 1.42 151
Methionine (%) 0.52 0.54 0.56 0.57
Cystine (%) 0.91 0.88 0.85 0.82

* Analysed value.

2 Premix (provided per kg): 8.800 IU vitamin A, 2.200 IU vitamin D3, 11 mg vitamin E, 44 mg nicotinic acid, 8.8 mg Cal-D-Pan, 4.4 mg riboflavin,
2.5 mg tiamin, 6.6 mg vitamin B12, 1 mg folic acid, 0.11 mg D-biotin, 220 mg choline, 80 mg manganese, 60 mg iron, 5 mg copper, 60 mg zinc, 0.20

mg cobalt, 1 mg iodine, 0.15 mg selenium
3. Results

The differences among the groups fed with differ-
ent levels of dietary mealworm meal in terms of final
body weight and body weight gain were statistically
significant (P <0.05). The highest body weight and

body weight gain was in the group fed with mealworm
meal added to diets at the level of 2% (Table 2). Final
body weight of quails fed with mealworm meal con-
taining 4 and 6% diets was lower (P< 0.05) than the
quails fed with diet containing 2% mealworm meal
Feed intake were not differ (P> 0.05) among the
groups. Feed conversion ratio of quails fed diet con-
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taining 4% and 6% mealworm meal diets were higher
than the quails fed diet control (0%) and 2% of the

diets containing mealworm meal diets.
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Table 2
The Effect of Dietary Different Levels of Mealworm on Performance of Quails
raiee;ﬁ;/ )(/)rm Initial Body Final Body Body Weight ~ Feed Intake  Feed Conversion Ratio
levels (%) Weight (g) Weight (g) Gain (g) (9) (Feed, g/Gain,g)
0 17.7+0.20 171.3£3.78% 153.6+£3.72% 480.4+12.5 3.13+0.04°
2 17.1 £0.12 173.0+2.55% 155.9+2.48¢% 488.6+6.27 3.14+0.03°
4 17.2+0.12 163.8+2.28" 146.6+2.27" 488.9+4.13 3.34+0.06%
6 17.9+0.07 161.6+£2.46° 143.842.45° 498.3+3.60 3.47+0.072

B¢ Means with different minuscule in the same rows are significantly different at P<0.05.

At the end of the experiment, there was no signifi-
cant difference between the treatment groups in terms
of carcass weights and carcass yield of quails fed with

Table 3

diets containing different levels of mealworm meal

(Table 3 and 4)

The Effect of Dietary Different Levels of Mealworm on Carcass Weight of Quails

Dietary mealworm levels

Carcass Weight (g/quail)

(%) Male Female Mean

0 124.9+£2.90 133.7+4.88 129.3+£3.67

2 126.1+1.32 136.1+3.06 131.1+1.32

4 122.9+3.62 135.1+£5.29 129.0+1.36

6 120.3+£2.18 125.5+£7.12 122.9+3.89
Table 4

The Effect of Dietary Different Levels of Mealworm on Carcass Yield of Quails

Dietary mealworm levels

Carcass Yield (%)

(%) Male Female Mean

0 78.440.66 77.2+0.36 77.8+0.40
2 75.8+1.10 74.8+0.86 76.0+0.85
4 77.84+0.42 75.6+1.52 76.7+0.73
6 77.14£0.70 74.7+1.00 76.2+0.97

4. Discussion

The present study evaluated the effects of dietary
mealworm meal inclusion on growth performance and
carcass traits of quails. The body weight, body weight
gain and feed conversion ratio of the quails in the pre-
sent study impaired when fed with diets containing
more than 2% mealworm meal, but did not cause any
change in feed intake. The previous study results re-
garding the mealworm meal utilization in poultry are
limited and sometimes controversial. Ramos-Elorduy
et al. (2002) reported that the addition of full fat meal-
worm at different levels between 5% and 10% in the
diet of broilers fed with soybean meal-based diets did
not cause any difference in growth performance. Simi-
larly, Biasato et al. (2016) observed that the addition of
7.5% mealworm to the diet in free-range chickens fed
with corn-soybean-based diets did not significantly
affect performance. Bovera et al. (2015) reported that
there was no difference in the body weight and body
weight gain of the broilers between the group fed with
mealworm meal containing rations and the control
group. Biasato et al. (2018) suggested that the addition
of 5, 10 and 15% mealworm to diet in male broiler may
improve body weight and feed intake, but may adverse-
ly affect feed efficiency, so researchers suggested that

low levels of mealworm addition to the diet may be
more appropriate. The researchers also reported that
there was no significant difference in carcass character-
istics between the treatment group and the control
group. Ballitoc and Sun (2013) reported that containing
0, 0.5, 1, 2 and 10% fed with mealworms of broilers
may positively affect growth performance and carcass
yield, and that 2% mealworm use in the broiler diets
would be appropriate. Isik and Kirkpinar (2016) re-
ported that body weight gain was higher in broilers fed
with 6% mealworm diet than other groups (containing
0 and 2% of mealworm), but it was similar to contain-
ing 4% mealworm group. During the experiment, no
significant difference was found between the groups in
terms of feed conversion ratio of broilers. Researchers
have suggested that mealworm can be used as a source
of protein in broilers up to 6% without adversely af-
fecting performance.

In conclusion, the use of mealworm meal in quail
chicks diets up to 2% may be appropriate and above
this level growth performance may be adversely affect-
ed.
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