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ABSTRACT - This study was conducted to evaluate the effect of black soldier ﬂy larvae (BSFL) as a source of protein in
layer diets on product performance, egg quality, hatchability, fertility, and sensory characteristics of eggs. The BSFL contained
a high percentage of protein (559.9 g kg−1), metabolizable energy (696.3 kcal kg−1), crude fat (18.6 g kg−1), and dry matter
(178 g kg−1) and a good balance of amino acids. A total of 54 Arabic strain hens at nine months of age were mixed with nine
cocks at 12 months old; all were divided into three treatments. The diets were formulated based on three levels of energy-toprotein ratio: 155, 140, and 170. The BSFL meal was added at 0, 50, and 10 g kg−1 respectively. The results showed that feed
intake, weight gain, Haugh unit, and hatchability were not affected by dietary treatments with BSFL. However, there was
signiﬁcant improvement in hen day egg production and hen house egg production due to dietary treatments of BSFL. Also,
feed conversion ratio, egg weight, shell thickness, shell weight, egg yolk color, fertility, and egg mass were affected by dietary
treatments. In addition, a signiﬁcant improvement was observed in appearance, texture, taste, and acceptance of eggs of hens
fed BSFL at 50 g kg−1. The odor was not affected by dietary treatments. Black soldier ﬂy larvae can be a good source of protein
in layer diets.
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Introduction
Feed cost can form up to 70% of the total cost of poultry
production. Animal protein sources are preferred over plant
protein sources because animal proteins contain a good
balance of essential amino acids and an excellent content
of vitamins (Saima et al., 2008). Fish meal is a high-quality
protein source used mainly in poultry diets. However, the
high price of ﬁsh meal has led to a search for alternative
protein sources.
Insects are natural food sources for poultry, and they
are considered a fundamental protein source for poultry in
the wild. Insects contain a good amount of protein, which
can be as high as 64% (Hwangbo et al., 2009) to as low as
39.16% (Atteh and Ologbenla, 2015), with a high balance
of essential amino acids. Many insects have been used in
poultry feed, such as grasshoppers (Hassan et al., 2009),
house ﬂies (Hwangbo et al., 2009), and mealworms (RamosElorduy et al., 2002). Black soldier ﬂy larvae (Hermetia
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illucens Linnaeus) have been found to be abundant in most
areas of Malaysia. They are called latrine larvae because
they can be found around the manure piles of cattle, sheep,
and poultry (Van Huis, 2013). Black soldier ﬂies are not
found in human foods or habitats because they do not have
functional mouth parts. Black soldier ﬂy larvae (BSFL) have
been used to solve some environmental problems related
to manure and other organic wastes, such as decreasing
manure mass, moisture content, and offensive odors (Barry,
2004; Newton et al., 2005). In addition, they have been used
to produce high-value feedstuff for cattle, pigs, poultry,
and ﬁsh (Newton et al., 2005). The proximate composition
of BSFL is variable according to the processing method
(Aniebo and Owen, 2010).
The objective of this study was to evaluate the effect
of BSFL as a protein source in layer diets on growth
performance, egg quality, fertility, hatchability, and sensory
characteristics of eggs.

Material and Methods
This research was conducted in Serdang, Selangor,
Malaysia. A total of 54 village chickens of Arabian strain
at nine months old were used, standardized according to
physical characteristics, weight, and health aspects. Hens
were housed in nine ﬂoor cages (200 cm × 300 cm), at six
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hens per cage. Three treatments and three replications of six
birds were assigned to the completely randomized design.
Nine cocks of Arabian strain at 12 months of age were
mixed with the hens (one cock per replicate). The treatments
consisted of a basal diet (Table 1) supplemented with BSFL
at 50 g kg−1 and 10 g kg−1. The diets were formulated based
on the energy-to-protein ratio. The energy-to-protein ratios
were 155 (2777.16 kcal/kg energy, 178.6 g kg−1 protein),
140 (2668.93 kcal/kg, 190.5 g kg−1 protein), and 170
(2836.14 kcal/kg, 166.4 g kg−1 protein). Protein sources
were used (50 g kg−1 BSFL and 40 g kg−1 meat and bone
meal) to achieve the energy-to-protein ratio of 140. Amino
acids (methionine and lysine) were added to achieve the
requirement of the diet formulation due to using 10 g kg−1
BSFL. Hens with cocks were supplied 80 g/day of feed, and
they were allowed ad libitum access to water.
Live BSFL less than one week old were processed by
being dried at 60 °C for ﬁve days and then ground. Black
soldier ﬂy larvae meal was used as a source of protein in
layer diets.
Fresh food waste was collected daily from restaurants
in Serdang. It was separated into rice as a source of energy
and meat with bone meal as a source of protein. Food waste
was processed by being washed, soaked in hot water at 90 °C
for 10 min, dried in an oven at 60 °C for two days, and then
ground (Hossein and Dahlan, 2015).
Samples of BSFL meal and food waste were analyzed
for the proximate composition according to AOAC (2005).
Amino acid analysis of BSFL was conducted by reversedphase high-performance liquid chromatography (RP-HPLC)

Table 1 - Ingredient composition of the experimental diets
Ingredient
Rice bran
Fish meal
Corn
Meat and bone waste
Rice waste
Limestone
Di calcium phosphate
Soybean
BSFL meal
Sodium chloride
Methionine
Lysine
Calculated analysis
Crude protein (g kg−1)
Metabolizable energy (kcal kg−1)
E/P ratio
Phosphorus (g kg−1)
Calcium (g kg−1)
Linoleic acid (g kg−1)

Control
(g kg−1)

5% BSFL
(g kg−1)

1% BSFL
(g kg−1)

140
30
202
40
300
90
5
185
0
5
2
1

103.5
0
200
40
310
90
9.5
190.5
50
3
2
1.5

48
0
265
60
350
85
5
170
10
3
2
2

178.6
2777.16
155.49
4
40
25.8

190.5
2668.93
140.03
4
40
28.8

166.4
2836.14
170.35
4
40
27.9

BSFL - black soldier ﬂy larvae; E/P - energy/protein ratio.
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(Rozan et al., 2000). The metabolizable energy of BSFL
and food waste was determined according to the method
of NRC (1994). The number of eggs laid by hens in each
replicate was recorded daily. The hen daily egg production
(HDEP) and hen house egg production (HHEP) were
calculated by adopting the following formulae given by
NRC (1994):

Eggs produced by each replicate were weighed daily
using an electronic weighing scale, and the average was
recorded. All eggs were stored in the refrigerator (5 °C) for
24 h before determining egg quality characteristics. Haugh
unit and yolk color were measured using an egg analyzer
(Orka Food Technology) after one week from the start of
the experiment period and at the end of every month. Feed
conversion ratio (kg diet/kg egg) data were reported every
four weeks. The initial body weight for each replicate was
recorded at the beginning of the experiment, and then the
hens were weighed at the end of each month to record
changes in body weight. Eggshells were dried at 60 °C
for 24 h and then weighed on an electronic scale. Eggshell
thickness was measured using a digital caliper. Incubating
eggs of treatments were collected for ﬁve days and stored at
5 °C then placed in the incubator at the end of each month.
After hatching, hatched chicks were collected and counted
to determine hatchability in relation to the number of fertile
eggs (North, 1984).
The egg sensory evaluation was carried out by an
untrained panel consisting of 30 judges aged between 20
and 35 years. Panel judges were instructed in the process
of evaluating the parameters appearance, odor, texture,
taste, and acceptance of the sensory quality of eggs. The
parameters were quantiﬁed by a nine-point hedonic scale
(1 = dislike extremely; 9 = like extremely). Thirty eggs
from each treatment were boiled for 10 min and left to
cool at room temperature. The eggs were peeled and cut
into quarters in white plate. The panelists were placed in
the conditioned room, alone, so as not to interfere with the
outcome of the others. Sensory evaluation was carried out
after breakfast so that the sensation of hunger would not
interfere with the result.
The experimental design was completely randomized,
and the data were analyzed by using the general linear
models of SAS (Statistical Analysis System, version 9.3)
software. The differences between means were compared
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using Duncan’s New Multiple Range Test (Duncan,
1955) on SAS (Statistical Analysis System, version 9.3)
software.

Results and Discussion
The BSFL meal had a high protein content (559.9 g kg−1)
and low amounts of crude fat (18.6 g kg−1) and dry matter
(178 g kg−1) (Table 2). The BSFL contained good quantity
and quality of amino acids, especially the essential amino
acids methionine (26.4 g kg−1) and lysine (28.6 g kg−1)
(Table 3). Thus, BSFL could be a good protein source in
poultry diets. Fat content was very low in the BSFL meal;
thus, it can be stored for a long time. The protein and fat
contents of the BSFL in this study did not fall under the
ranges reported by previous researchers, who have reported
40-42% protein and 30-35% fat (Arango Gutiérrez et al.,
2004; Sheppard et al., 1994; St-Hilaire et al., 2007). This
could be because the BSFL used in this study were less
than one week old and because of the use of an oven-drying
method. Aniebo and Owen (2010) reported an increase in
protein content and a decrease in fat content in oven-dried
maggot meal compared with sun-dried maggot meal. Also,
Table 2 - Proximate composition of BSFL
Component
Dry matter (g kg−1)
Crude protein (g kg−1)
Crude fat (g kg−1)
Ash (g kg−1)
Ca (mg g−1)
P (mg g−1)
Metabolizable energy (kcal kg−1)

Nutrient composition
178±0.35
559.9±0.85
18.6±0.24
8.1±0.009
0.038±0.005
0.079±0.012
696.3426±23.7

BSFL - black soldier ﬂy larvae.
Values = means ± standard deviation.

Table 3 - Amino acid of composition of black soldier ﬂy larvae
Amino acid

(g kg−1)

Aspartic acid
Glutamic acid
Serine
Glycine
Histidine
Arginine
Threonine
Alanine
Proline
Tyrosine
Valine
Methionine
Cysteine
Isoleucine
Leucine
Phenylalanine
Tryptophan
Lysine

48.08
65.81
32.88
10.9
14.76
93.31
22.36
52.45
36.65
26.97
21.93
26.46
89.17
12.22
37.33
16.29
0.49
28.63

they found that house ﬂy larvae that had been harvested
at two days of age had a higher protein content and lower
fat content than that those harvested at four days of age.
Ash content was relatively low (8.1 g kg−1) in the BSFL
meal. This could be due to the mineral content in BSFL
meal being low at this age.
High protein content (441.8 g kg−1) and metabolizable
energy (3789 kcal/kg) were reported in the meat and bone
waste (Table 4). Protein content was 89.5 g kg−1, and
metabolic energy was 3402 kcal/kg in the rice waste. Feed
values of food waste vary depending upon the source of
the waste. Kwak et al. (2002) reported that restaurant food
waste has a higher nutritional value than apartment food
waste.
Productive characteristics such as HDEP, HHEP, egg
mass, egg weight, and feed conversion ratio were inﬂuenced
by dietary treatments with BSFL (Table 5).The signiﬁcantly
(P<0.001) highest hen day egg production was in the diet
of hens fed BSFL at 50 g kg−1. A similar result was found in
HHEP, with a signiﬁcant (P<0.05) increase in HHEP in the
diet of hens fed BSFL at 50 g kg−1 compared with those
fed BSFL at 0 and 10 g kg−1. There were no signiﬁcant
differences in egg mass between hens fed BSFL at 50 g kg−1
and hens fed the control diet. However, a signiﬁcant decrease
(P<0.001) was observed in egg mass of hens fed BSFL at
10 g kg−1 compared with those fed BSFL at 50 g kg−1 and the
control diet. The signiﬁcant improvement in egg production
of hens fed BSFL at 50 g kg−1 could be because the diet was
formulated with a high protein content and lower energy
level in this treatment, which met the requirements of
hens for maintenance and production. Also, this could be a
result of the complementary effect of the amino acid proﬁle
of the BSFL meal. According to Widjastuti et al. (2014),
increased levels of BSFL meal in quail diets had no effect
on egg production.

Table 4 - Centesimal composition of food waste
Nutrient composition
Meat and bone waste
Crude protein (g kg−1)
Crude fat (g kg−1)
Dry matter (g kg−1)
Ash (g kg−1)
Metabolizable energy (kcal kg−1)

441.8±2.37
217.8±1.06
953.8±0.28
164.9±0.15
3789.42±0.86

Rice
Crude protein (g kg−1)
Crude fat (g kg−1)
Dry matter (g kg−1)
Ash (g kg−1)
Crude ﬁber (g kg−1)
Metabolizable energy (kcal kg−1)

89.5±1.89
33.8±0.21
924.8±0.24
58.5±3.5
14.4±0.44
3402±0.70

Values = mean ± standard deviation.
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Table 5 - Effect of dietary treatments of BSFL on performance of hens
Parameter
HDEP (%)
HHEP (%)
Egg mass
Egg weight (g)
Feed conversion (kg feed/kg egg)
Feed intake (g/bird/day)
Weight gain (g)
Haugh unit (%)
Yolk color
Shell thickness (mm)
Shell weight (g)
Fertility rate (%)
Hatchability (%)

T1
(control)

T2
5% BSFL

T3
1% BSFL

SEM

Signiﬁcant level

54.34b
49.76b
28.59a
47.66a
1.65b
78.9
27.63
54.54
3.05a
0.039a
4.84a
88.37a
88.21

58.77a
54.68a
28.58a
46.41b
1.71a
79.40
48.50
55.25
2.61b
0.034b
4.36b
87.72a
95.92

49.61c
49.09b
25.98b
48.05a
1.66b
79.79
28.08
54.91
3.03a
0.035b
4.57b
74.20b
92.72

14.06
13.98
5.03
3.44
0.03
1.02
189.16
13.01
1.00
0.02
0.58
3.41
5.12

***
*
***
***
**
ns
ns
ns
**
*
***
*
ns

a,b,c - means within rows with different letters are signiﬁcantly different.
*P<0.05; **P<0.01; ***P<0.001; ns - means within the same column with no letters are not signiﬁcantly different.
BSFL - black soldier ﬂy larvae; SEM - standard error of the mean; HDEP - hen daily egg production; HHEP - hen house egg production.

The egg weight was signiﬁcantly (P<0.001) lower in
hens fed BSFL at 50 g kg−1 compared with those fed the
basal diet and BSFL at 10 g kg−1. This could be because
the energy level in the diet utilization of hens fed the BSFL
at 50 g kg−1 was lower than in the diet utilization of hens
fed the basal diet and those fed BSFL at 10 g kg−1. With
energy levels decreasing from 2800 to 2700 kcal kg−1,
egg weight decreased from 47.66 to 46.41 g. This result
agreed with Wu et al. (2005). Sohail et al. (2003) reported
that increasing dietary energy had positive effects on egg
weight.
Feed conversion ratio was signiﬁcantly (P<0.01)
higher with inclusion of BSFL in the layer diet. The
increase in feed conversion ratio was an indication of poor
feed utilization, which could be due to the effect of chitin.
Amao et al. (2010) reported that replacement of ﬁsh meal
with larvae meal by 100 g/100 g led to a signiﬁcant increase
in the feed conversion ratio of laying hens. Feed intake and
weight gain were not inﬂuenced by dietary treatments of
BSFL.
Egg yolk color was affected by dietary treatments; the
egg yolk color of eggs laid by hens fed BSFL at 50 g kg−1 was
signiﬁcantly brighter than those fed the basal diet and BSFL
at 10 g kg−1. This indicates that the hens fed BSFL were
not able to use the color pigments in yolk formation. Also,
this could be due to the fact that BSFL are not a vegetable
product, which could contain carotene or xanthophyllous
pigments needed for egg coloration development. A similar
result was observed by Akpodiete et al. (1998), who found
that yolk color was signiﬁcantly decreased by replacement
of ﬁsh meal with maggot meal in the laying chicken diet.
The Haugh unit was not signiﬁcantly affected by dietary
treatments.

Shell thickness (P<0.05) and shell weight (P<0.001)
were signiﬁcantly affected by dietary treatment of BSFL.
Hens fed 100% ﬁsh meal gave the highest thickness and
shell weight values. The shell thickness and shell weight
were signiﬁcantly decreased with increasing levels
of BSFL in the diet. This could be due to the calcium
content in BSFL meal being lower than that of ﬁsh meal.
Agunbiade et al. (2007) reported a decrease in shell
thickness and shell weight with increasing levels of BSFL
in the layer diet.
Hatchability was not signiﬁcantly inﬂuenced by the
dietary treatments with BSFL. There were no signiﬁcant
differences in fertility rate between hens fed BSFL at
50 g kg −1 and hens fed the basal diet. However, the fertility
rate was signiﬁcantly decreased in hens fed BSFL at 10 g kg−1
compared with those fed BSFL at 50 g kg−1 and the control
diet. This result was not in agreement with Ernst et al.
(1984), who found increased hatchability of laying hens
fed maggot meal.
Appearance, texture, taste, and acceptance were
signiﬁcantly affected by dietary treatments with BSFL
(Table 6). Increasing levels of BSFL signiﬁcantly improved
(P<0.001) the appearance, texture, and taste of eggs
(P<0.01). Also, the acceptance of eggs was signiﬁcantly
(P<0.05) improved by increasing levels of BSFL in the diet.
The signiﬁcant improvement observed in the taste of eggs
produced by hens fed BSFL could be due to the glutamic acid
content being high in BSFL meal (6.85 g kg−1). Yoshida
(1998) reported interactions between glutamic acid and
human perception. Jaturasitha et al. (2008) reported that
palatability was affected by the diet. The results indicated
that there were no signiﬁcant differences in egg odor
between BSFL treatments.
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Table 6 - Effect of dietary treatments of BSFL on sensory
evaluation of eggs
Characteristic
Appearance
Odor
Texture
Taste
Acceptance

T1
T2
T3
(control) 5% BSFL 1% BSFL
6.63b
6.77
6.54b
6.36c
6.90b

7.36a
6.81
7.31a
7.09a
7.23a

7.18a
6.81
7.00a
6.72b
7.00ab

SEM

Signiﬁcant
level

0.46
0.59
0.56
0.55
0.4

***
ns
***
**
*

a,b,c - means within rows with different letters are signiﬁcantly different.
BSFL - black soldier ﬂy larvae; SEM - standard error of the mean.
*P<0.05; **P<0.01; ***P<0.001; ns - means within the same column with no letters
are not signiﬁcantly different.
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