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The aim of this study was to identify the effect of inclusion of defatted black soldier fly larvae (Def-BSFL)
meal as a protein source on the performance and blood plasma constituents of broiler chickens. A total of
360-day-old chicks were assigned into four dietary groups, which included four different levels of Def-
BSFL meal namely control (0% BSFL), T1(4% BSFL), T2 (8% BSFL) and T3 (12% BSFL) for six weeks experi-
mental feeding period. At the end of the experiment, the blood samples of three birds from each treat-
ment were collected to measure plasma constituents. Birds fed control and T1 diets demonstrated
higher feed intake during the finisher stage compared with T2 and T3 diets. The heaviest weight for
the 6-week feeding trial was recorded at T1 (1043.8 ± 65.9 g). Birds fed T1 (1.1 ± 0.0) and T3
(0.9 ± 0.1) diets displayed lower feed conversion ratio during the finisher stage than those fed control
(1.7 ± 0.1) and T2 (1.8 ± 0.3) diets. Birds fed the control diet demonstrated the highest red blood cell with
mean and standard deviation of 7.5 ± 0.34, whereas those fed the T2 diet showed the highest haemoglo-
bin levels with mean and standard deviation of 15.8 ± 0.24. Birds fed T1, T2, and T3 diets exhibited a
higher number (P < 0.05) of monocytes than those fed a control diet. There were no differences in white
blood cell count across all the groups. In addition, birds fed the T2 diet showed higher (P < 0.05) blood
urea nitrogen followed by the T3, control, and T1 diets. As a conclusion, the 4% Def-BSFL in the broiler
chicken diet could be used to replace fish meal (FM) and soybean meal (SBM) without compromising bird
performance and blood traits.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Malaysia has experienced high self-sufficiency for poultry pro-
duction; it was 128% and decreased to 103% in 2019
(Department Veterinary Service, 2020). In general, Malaysia’s broi-
ler production cycle occurs 5.33 times a year. Moreover, its average
feed conversion ratio (FCR) is 1.67, which indicates the effective-
ness of broilers turning feed into meat. Due to the expansion of
the poultry industry in Malaysia, the cost of feed has always been
a burden to producers since some of the raw materials need to be
imported. Among the six essential components in formulating feed,
the most expensive are the protein elements. Nowadays, there are
a lot of application of replacement from plant and animal protein
sources to animal feed (Pati et al., 2016; Rahman et al., 2021;
Zulhisyam et al., 2021; Zulhisyam et al., 2020). To reduce the cost
of import, developed countries have expended significant effort in
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locating and utilising diverse local sources for feed ingredients,
particularly protein material.

For the past decade, numerous studies on the black soldier fly
(Hermetia illucens) larvae (BSFL) have been conducted on animal
feed (Dabbou et al., 2018; Mat et al., 2021; Nekrasov et al.,
2018). Apart from the fact that BSFL can be reared easily, it is a sus-
tainable and efficient resource for alternative protein sources
(Widjastuti et al., 2014). The BSFL has been established as one of
the primary insects being commercialized for use as a protein
source, biofuel production, and waste management (Kooienga
et al., 2020). Indeed, BSFL can be used to substitute protein sources
at different inclusion rates to cut feed production costs and to
acquire the most cost-effective formulation. BSFL can be a good
nutritional source for layer hens (Jansen, 2018), broiler chickens
(Cockcroft, 2018), fish (Xiao et al., 2018), quail (Mat et al., 2021)
and pigs (Nekrasov et al., 2018). According to Schiavone et al.
(2018), defatted BSFL meal serves as a rich source of apparent
metabolized energy and digestible amino acid for broilers with
highly efficient nutrient digestion. BSFL contains high levels of
essential amino acids such as lysine, which helps boost animal
growth and other protein content (Shumo et al., 2019). Neverthe-
less, the chicken will be eventually consumed by humans. Thus,
the health status and condition of the bird must be prioritized in
broiler production. Haematological and biochemical analyses are
required to verify any abnormalities in blood cells due to feeding
birds a diet containing BSFL meal.

Consequently, based on the previously described background,
this research has assessed the impact of defatted BSFL meal as a
protein source on the growth performance and blood parameters
of broiler chickens. The objectives of the current study are to (1)
evaluate the effect of defatted BSFL meal utilisation on growth per-
formance, (2) investigate the impact of defatted BSFL meal utilisa-
tion on blood plasma constituents, and (3) determine the most
appropriate inclusion level of defatted BSFL meal for broiler
chickens.
2. Materials and methods

2.1. Ethics statements

This study was carried out in accordance with the National
Institutes of Health guide for the care and use of laboratory animals
and was approved by the Animal Ethical Committee of Universiti
Malaysia Kelantan (Malaysia).
2.2. Experimental birds and husbandry condition

The total of 360 (Average weight of 48 g) male Cobb broiler
chicks (1 day-old) were procured from Prima Mekar Enterprise, a
farm in Jeli, Kelantan, Malaysia. Birds were reared in poultry house,
Agro Techno Park, Universiti Malaysia Kelantan, Jeli Campus
(5.75019963763, 101.873947466) since day one to day 42
(6 weeks) and separated into four treatment groups (three pens
for treatment and 30 birds each pen). In the first two weeks, the
birds were kept warm by bulb lights to sustain the temperature
that is required for regular breeding procedures. The experimental
diets were prepared with 4 different levels of Def-BSFL meal inclu-
sion namely control (0% BSFL), T1(4% BSFL), T2 (8% BSFL) and T3
(12% BSFL). The feeding trial lasted for 6 weeks, and the birds were
fed with a BSFL-formulated starter diet for the first 2 weeks,
grower diet for another 2 weeks, and finisher diet for the last
2 weeks with free access to water. The experimental birds were
vaccinated against Newcastle disease and infectious bronchitis at
7 and 21 days old, as well as against infectious Bursal disease at
13 days old. Anticoccidial compounds were used at a preventive
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dose from 22 to 29 days old. The birds were housed in floor pens
with appropriate size (0.75 sqft per bird) and covered with saw-
dust litter.
2.3. Preparation of defatted BSFL meal

The defatted Black Soldier Fly meal was provided by Nutrition
Technologies Sdn. Bhd., from a commercial facility located in the
state of Johor. The larvae were fed a diet of pre-consumer food
waste composed entirely of plant ingredients. After feeding for
7 days the fresh larvae were separated from the frass and feed resi-
due and were thoroughly washed in tap water. The larvae were
then dried at a maximum temperature of 80 �C. The dried larvae
were introduced to an expeller press to generate an oil fraction
and a press cake fraction. The press-cake was milled in a hammer
mill before packaging. No additives or additional ingredients were
introduced at any stage of the production process for the insect
meal.
2.4. Preparation of experimental diets

Defatted BSFLM (approximately 11% crude fat as fed) was pro-
cured from a commercial manufacturer (Nutrition Technologies
Sdn. Bhd., Malaysia) and used as a protein source to partially
replace FM and SBM in this study. Feed was formulated according
to broiler chicken (Cobb strain) requirements in relation to growth
stages, namely, starter, grower, and finisher phases, according to
National Research Council (1994) using the Win Feed 2.8 software
package (WinFeed UK Limited, Cambridge, UK). The formulation is
isocaloric which mean that the dietary treatments have the same
caloric density for each phase as described in de Souza Vilela
et al. (2021), the diets were designed on the basis of chemical com-
positions and the ME value for defatted BSFL meal, while other
ingredients were chosen in accordance with the INRAE-CIRAD-
AFZ (2021) composition and nutritive values of feed. Feed was for-
mulated with four different level of inclusion rates of Def- BSFL
meal in the experimental diets at control (0%), T1 (4%), T2 (8%)
and T3 (12%). Due to Dabbou et al. (2018) lower level of BSFL meal
that 15% of inclusion rate is more suitable as the findings suggest
that it may have a deleterious impact on the FCR during the grow-
ing and finishing periods, as well as intestinal morphology, partic-
ularly in animals fed with high levels of inclusion in their diet. In
addition, Onsongo et al. (2018), concluded that BSFL can replace
up to 15% of the conventional feed ingredients in broiler diets for
better economic return. The fine powder of Def-BSFL were finely
grounded and mixed with other ingredients; maize, soybean meal,
fish meal, dicalcium phosphate, limestone, methionine, antioxi-
dant, premix and vegetable oil. In the present study, vegetable oil
as a binder to produce feed pellets. The mixture was then pelleted
by passing it through a mincer of 3 mm die to produce 3 mm diam-
eter size of pellets (Cerrate et al., 2009). These were sundried to
about 10% moisture content, packed in polythene bags and kept
safe dry for use. Table 1 presents the gross composition of all
experimental diets.
2.5. Chemical composition of experimental feeds

As indicated in Table 2, the proximate composition of the exper-
imental diets is comparable to the control diets. The formulated
feed samples were pulverised and tested to analysed the proximate
components in accordance with AOAC method (AOAC, 2005) to
determine content for dry matter (DM) (method 934.01), crude
protein (CP) (method 2001.11), ether extract (EE) (method
920.39), and ash (method 954.02).



Table 1
Gross composition (g/100 g dry weight) of four experimental diets.

Ingredients (%) Control (0% BSFL) T1 (4% BSFL) T2 (8% BSFL) T3 (12% BSFL)

S G F S G F S G F S G F

Maize 60.4 61.2 65.3 68.2 64.2 67.6 61.8 58.1 61.1 59.7 57 59.6
SBM 20 14 15 17.9 12.8 10 15.4 10.8 10 13.5 10 12
FM1 11.2 11.9 8.2 4.3 8.4 8.5 5.6 9 7.2 5.9 7.7 4.16
Def-BSFL2 0 0 0 4 4 4 8 8 8 12 12 12
DCP 0.4 0.4 0.3 0.2 0.35 0.4 0.3 0.3 0.5 0.3 0.2 0.5
LMS 0.6 0.8 0.4 0.7 0.6 0.5 0.6 0.55 0.6 0.5 0.8 0.3
Lysine 0 0.1 0.2 0.1 0.2 0.27 0.2 0.3 0.3 0.32 0.42 0.38
MET 0.3 0.33 0.26 0.1 0.15 0.13 0.1 0.3 0.16 0.15 0.26 0.2
Antioxidant 1.1 1.27 1.3 0.4 1.5 0.6 1 2.45 1.64 1 2.32 1.26
Premix3 5 5 4.04 3.1 2.8 3 6 5.2 5.5 5.63 4.3 4.6
Vegetable oil 1 5 5 1 5 5 1 5 5 1 5 5
Total 100 100 100 100 100 100 100 100 100 100 100 100

Abbreviation: S, Starter; G, Grower; F, Finisher; DCP, Dicalcium Phosphate; LMS, Limestone; MET, Methionine; SBM, Soybean meal; FM, Fish meal; CP, crude protein; EE, ether
extract; CF, crude fibre.
1Fishmeal 550.
2Hi.Protein; Crude fat 11%, crude fibre 8%, crude protein 47%, ash 21% & moisture 5%).
3Vitamin premix (/kg in premix): vitamin A 800,000 IU, vitamin D3 160,000 IU, vitamin E 15 g, vitamin K3 325 mg, vitamin B1 1500 mg, vitamin B2 1250 mg, vitamin B6
1100 mg, vitamin B12 4 mg, vitamin C 2.5 g, creatine 5.5 g, folic acid 70 mg, Biotin 125 mg, Nicotinic acid 4 g, D-pantothenic acid 4.5.
4Three replicates of each feed sample were subjected to chemical analysis in this study.

Table 2
Proximate analysis (g/100 g dry weight) of four experimental diets.

Nutrient
composition1

(%)

Control (0% BSFL) T1 (4% BSFL) T2 (8% BSFL) T3 (12% BSFL)

S G F S G F S G F S G F

CP (%) 22.2 19.7 18.1 21.6 19.7 19.7 22.3 20.5 19.5 23.3 21.0 20.0
EE (%) 2.0 13.6 12.9 2.2 14.2 14.2 5.9 14.8 13.1 6.0 13.1 15.4
Ash (%) 5.2 8.1 8.0 7.8 7.2 7.2 10.6 9.3 9.6 10.2 9.1 8.6
DM (%) 71.8 97.2 94.3 85.7 94.0 94.0 88.8 94.3 95.4 85.9 95.3 94.1
ME (kcal/kg) 2773.4 3502.57 3450.4 2754.6 3392.5 3392.5 2928.1 3421.0 3426.1 2827.2 3396.5 3524.1

Abbreviation: CP, Crude protein; EE, Ether extract; DM, Dry matter; ME = Metabolisable energy.
1A total of three replicates of each meal sample were subjected to chemical analysis
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2.6. Measurement of birds growth parameters

Throughout the study, the animals were given access to unlim-
ited amounts of food and water. The clinical indicators of disease or
mortality were observed on a daily basis. The body weights of all
chicks were measured and recorded at an individual level at the
beginning of the trial and on day 14, 28 and 42. The feed intake
was determined by subtracting the remaining feed every morning
from the initial feed provided to them. Each trial consisted of three
biological replicates of broiler house. The average daily gain (ADG)
and feed intake (FI) were measure at the level of the individual and
the level of the pen, at the completion of each growth phase. ADG
was measured by dividing the total body weight gain by number of
days. The feed conversion ratio (FCR) was calculated for every
growth phase as well as for the entire experimental period. FCR
was calculated by dividing FI by ADG.
2.7. Haematological parameters

The blood samples were taken from each bird at day 42 of the
study for analysis of serum and haematological components. Two
ml blood samples were obtained by puncture of the left-wing vein
using a vacutainer blood tube, needles, and syringes as described
by Hong et al. (2012). The blood samples were analysed to measure
white blood cells (WBCs), monocytes (MONs), lymphocytes
(LYMs), granulocytes (GRAs), mean platelet volume (MPV), haema-
tocrit (HCT), mean corpuscular volume (MCV), haemoglobin (HGB),
red blood cells (RBCs), mean cell haemoglobin (MCH), mean cor-
811
puscular haemoglobin concentration (MCHC), and red cell distribu-
tion width (RDW) by using Mythic 18 Vet haematology analyser
(Lancashire, UK). In addition, blood samples were also analysed
for biochemical constituents, including alanine aminotransferase
(ALT), blood urea nitrogen (BUN), calcium (Ca), creatine kinase
(CK), gamma-glutamyl transferase (GGT), magnesium (Mg), phos-
phorus (P) and total protein (TP) using the IDEXX VetTest* Chem-
istry Analyzer (Maine, USA).

2.8. Statistical analysis

All data were subjected to analysis of variance (ANOVA) using
SPSS software (version 23). A cage for growth rate was the exper-
imental unit, whereas the individual bird was used for blood
parameters. ANOVA was used to analyse the collected data for
chemical composition of the diets, growth performance, and blood
parameters. Linear regression was used to test the response for
increases of Def-BSFL inclusion rate. The differences between treat-
ments were compared using the Duncan multiple range test at 5%
probability levels. The data were expressed as the mean and stan-
dard deviation.
3. Results

3.1. Broiler growth performances

Throughout the whole study time, the birds displayed their full
range of vitality as no signs of any disorder were observed in all the



K. Mat, Z. Abdul Kari, Nor Dini Rusli et al. Saudi Journal of Biological Sciences 29 (2022) 809–815
groups. The performance of the broiler chicks in terms of growth is
summarised in Table 2. The feed intake (FI), body weight (BW),
average daily weight gain (ADG), and feed conversion ratio (FCR)
of birds were affected by the inclusion of def-BSFL meal in the
experimental diets throughout the feeding stages (1 to 42 days)
as displayed in Table 3. For starter ration, birds fed T2 diet showed
higher (P < 0.05) ADG and FI than those fed other diets and no dif-
ferences (P > 0.05) were observed regarding FCR among the diets.
For grower ration, birds fed the T1 diet displayed significantly
(P < 0.05) higher FI followed by T2, control and T3 diets. However,
there were no differences (P > 0.05) in FI between the control and
T1 or between the control and T2 diets. Similarly, birds fed the con-
trol diet demonstrated higher (P < 0.05) ADG than those fed T2 and
T3 diets, and no difference (P > 0.05) was observed between control
and T1 diets. Furthermore, there was no significant (P > 0.05) differ-
ence in FCR among the diets. For finisher ration, birds fed the con-
trol and T1 diets exhibited higher (P < 0.05) FI than those fed T2
and T3 diets. Birds fed T1 diet demonstrated higher (P < 0.05)
ADG followed by T3, control and T2 diets, but no difference
(P > 0.05) was observed between the control and T2 or between
the control and T3 diets. Birds fed T1 and T3 diets demonstrated sig-
nificantly (P < 0.05) lower FCR than those fed control and T2 diets.

3.2. Blood plasma constituents

Tables 4 and 5 describe the haematological parameters and
serum biochemical characteristics of broiler chickens. The results
revealed a significant (P < 0.05) effects related to the inclusion of
def-BSFL were observed for all measured parameters, except for
WBC, GRA, and HCT (Table 4). Birds fed the control diet demon-
strated higher (P < 0.05) RBC and MPV than those fed other diets.
However, for those fed the T1 diet, it appeared that MCH, MCHC,
and LYM values were the highest (P < 0.01). However, birds fed
the control diet demonstrated significantly (P < 0.05) lower MON
than those fed other diets. In addition, the highest HGB was
observed in birds fed the T2 diet, while MCV in the birds fed T3 diet.
Birds fed the T1 diet displayed lower (P < 0.05) RDW than those fed
other diets. Furthermore, the results of biochemistry blood param-
eters were significant (P < 0.05) for BUN, Ca, P, and TP among the
diets (Table 5). Birds fed the control diet displayed significantly
(P < 0.05) higher Ca and P than for other diets. Moreover, birds
fed the T2 diet showed higher (P < 0.05) BUN followed by the T3,
control, and T1 diets. The treatments had no significant (P > 0.05)
effect on other parameters, including ALT, CK, GGT, and Mg.
Table 3
Performance of broiler chicken fed with different inclusion rates of Def-BSFL as protein so

Parameters Diets

Stage Control (0 % BSBF

Average daily feed intake (g/bird) Starter (1–14 d) 13.3 ± 1.2 a

Grower (15–28 d) 34.0 ± 1.1b

Finisher (29–42 d) 51.5 ± 3.6b

Overall (1–42 d) 32.9 ± 8.1
Body weight (g/bird) Day-old (1 d) 45.8 ± 1.1

Starter (14 d) 127.0 ± 8.8 a

Grower (28 d) 467.0 ± 42.4c

Finisher (42 d) 891.5 ± 47.2b

Average daily weight gain (g/bird) Starter (1–14 d) 5.8 ± 0.6 a

Grower (15–28 d) 24.3 ± 1.9c

Finisher (29–42 d) 30.3 ± 0.9b

Overall (1–42 d) 20.13 ± 1.3
Feed conversion ratio (FCR) Starter (1–14 d) 2.3 ± 0.2a

Grower (15–28 d) 1.4 ± 0.1c

Finisher (29–42 d) 1.7 ± 0.1b

Overall (1–42 d) 1.8 ± 0.2

Note: Different superscripts in each row indicate significant difference (p < 0.05).
*P < 0.05; **P < 0.01; ***P < 0.001; ns - means within the same row with no letters are
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4. Discussion

4.1. Chemical composition of experimental feeds

The CP content in starter, grower, and finisher rations for all
treatments in the current study were in line with recommended
minimum specifications for broilers (Yan et al., 2010). However,
the percentage of CP was lower as compared to a previous study
on starter and grower rations with 23.0% and 21.5% CP, respec-
tively (Dabbou et al., 2018). By contrast, the CP content in the cur-
rent study was higher compared to a study by Al-Qazzaz et al.
(2016), as they reported that the CP percentage used ranged
between 16% and 19%. The discrepancy of CP content between
the current and previous studies can be explained by the usage
of higher proportions of high-protein ingredients such as maize,
soybean, corn gluten, and fish meals (Al-Qazzaz et al., 2016;
Dabbou et al., 2018; Schiavone et al., 2018). However, CP content
in the finisher stage of T2 and T3 was slightly higher as compared
to Dabbou et al. (2018), at 19.47%. Yan et al. (2010) explained that
feeding diets higher in crude protein tended to result in faster
growth, especially in early stages, but were less efficient in conver-
sion of CP into BWG. Nevertheless, if protein costs are high relative
to energy, using lower protein diets is recommended. Furthermore,
EE content in starter feed of all treatments were lower compared to
the previous study of Dabbou et al. (2018) at 7.1% to 7.3%. The dis-
similarities may be due to the lower amount of vegetable oil used
in the current study (1%) as compared to the 4.0%–4.6% of soybean
oil use in the previous study (Dabbou et al., 2018). However, EE
content in grower and finisher rations of all treatments were
higher compared to previous studies at 8.01% to 9.89% (Dabbou
et al., 2018) and 7.1% to 10.3% (Schiavone et al., 2018). This varia-
tion may be due to the insect-rearing medium and defatting pro-
cess, which influenced the EE content in both current and
previous studies used slightly similar percentage of additional oil
(Schiavone et al., 2018). Shumo et al. (2019) reported that the EE
content in BSFL ranged between 30% and 34% and strongly relied
on their feed formulation. This explained the high EE content in
the feed formulation in the recent study. The common method to
determine the energy available in feed is measuring the ME. The
ME of the starter ration for all treatments in the current study were
comparable to Al-Qazzaz et al. (2016) at 2600 to 2800 kcal/kg. By
contrast, the ME for the current study was lower compared to that
of Dabbou et al. (2018), as they reported that the ME used for the
starter group in their study was 2999.3 kcal/kg. However, the ME
urce in the diets for six weeks. Data expressed as mean ± SD.

P-value

) T1(4% BSFL) T2(8% BSFL) T3(12% BSFL)

12.7 ± 2.1 a 21.0 ± 0.9b 9.0 ± 0.2 a **
37.7 ± 2.8b 35.6 ± 3.4b 28.3 ± 2.2 a ***
54.5 ± 1.7b 31.9 ± 0.7 a 27.8 ± 2.1 a ***
34.9 ± 9.0 29.5 ± 4.4 21.7 ± 6.4 **
45.9 ± 0.9 46.4 ± 0.6 42.4 ± 4.3 ns
122.9 ± 10.8 a 186.4 ± 8.1b 126.4 ± 9.8 a ***
353.8 ± 29. 8 ab 311.3 ± 19.9 ab 264.5 ± 9.9 a ***
1043.8 ± 65.9c 713.0 ± 37.8 a 686.8 ± 44.7b ***
5.5 ± 0.7 a 10.0 ± 0.5b 6.0 ± 0.6 a **
16.4 ± 3.0 bc 8.9 ± 2.0 ab 10.0 ± 0.5 a ***
49.5 ± 1.0b 17.7 ± 2.4 a 30.0 ± 2.6b ***
23.8 ± 1.6 12.2 ± 1.7 15.3 ± 1.2 *
2.3 ± 0.3a 2.1 ± 0.3ab 1.5 ± 0.1b **
2.3 ± 0.4b 4.0 ± 1.4a 2.8 ± 0.2b **
1.1 ± 0.0 a 1.8 ± 0.3b 0.9 ± 0.1 a ***
1.9 ± 0.4 2.6 ± 0.7 1.7 ± 0.6 **

not significantly different.



Table 4
Hematological components of broiler chicken fed with different inclusion rates of Def-BSFL as protein source in the diets for six weeks. Data expressed as mean ± SD.

Blood components Diets P-value

Control (0% BSFL) T1(4% BSFL) T2(8% BSFL) T3(12% BSFL)

MCV (lm3) 60.2 ± 1.41bc 51.6 ± 1.22a 57.4 ± 0.67ab 65.1 ± 3.69c *
MON (103/ll) 0.2 ± 0.03a 0.4 ± 0.03b 0.4 ± 0.03b 0.4 ± 0.03b **
RBC (106/ll) 7.5 ± 0.34b 5.9 ± 0.08a 6.5 ± 0.30a 5.9 ± 0.11a **
WBC (103/ll) 8.5 ± 0.57 9.6 ± 0.15 8.7 ± 0.18 8.9 ± 0.16 ns
GRA (103/ll) 5.2 ± 0.52 4.9 ± 0.39 5.0 ± 0.27 6.3 ± 0.20 ns
HGB (g/dl) 13.5 ± 0.55ab 14.6 ± 0.37bc 15.8 ± 0.24c 13.0 ± 0.47a **
HCT (%) 31.5 ± 0.68 28.9 ± 0.30 32.6 ± 0.72 32.2 ± 1.55 ns
MCH (pg) 39.1 ± 3.93a 71.5 ± 0.73c 47.5 ± 1.30b 32.4 ± 0.39a ***
MCHC (g/dl) 34.0 ± 0.61a 42.3 ± 1.10b 38.2 ± 0.88ab 34.4 ± 2.50a *
RDW (%) 12.9 ± 0.20b 7.5 ± 0.27a 12.2 ± 0.15b 12.6 ± 0.43b ***
MPV (lm3) 7.9 ± 0.37b 6.4 ± 0.23a 5.9 ± 0.37a 6.4 ± 0.24a *
LYM (%) 3.1 ± 0.08b 4.3 ± 0.26c 3.3 ± 0.20b 2.2 ± 0.33a ***

Note: Different superscripts in each row indicate significant difference (p < 0.05).
*P < 0.05; **P < 0.01; ***P < 0.001; ns - means within the same row with no letters are not significantly different.
Abbreviations: MCV, mean corpuscular volume MON, monocytes RBCs, red blood cells WBC, white blood cell GRA, granulocytes HGB, haemoglobin HCT, haematocrit MCH,
mean cell haemoglobin MCHC, mean corpuscular haemoglobin concentration RDW, red cell distribution width MPV, mean platelet volume LYM, lymphocytes.

Table 5
Biochemical components of broiler chicken fed with different inclusion rates of Def-BSFL as protein source in the diets for six weeks. Data expressed as mean ± SD.

Diets

Blood parameters Control (0% BSFL) T1(4% BSFL) T2(8% BSFL) T3(12% BSFL) P-value

ALT u/l 407.3 ± 42.2 471.0 ± 58.0 452.0 ± 30.3 330.7 ± 14.5 ns
BUN mg/dl 95.5 ± 1.8b 75.6 ± 3.5a 113.3 ± 6.2c 106.9 ± 5.4bc **
CAL mg/dl 8.8 ± 0.2b 7.0 ± 0.6a 7.3 ± 0.4a 7.1 ± 0.4a *
CK u/l 212.0 ± 3.1 217.7 ± 5.4 215.0 ± 19.5 175.0 ± 9.1 ns
GGT u/l 539.7 ± 41.3 568.7 ± 30.4 587.0 ± 20.2 537.0 ± 46.4 ns
MG mg/dl 2.5 ± 0.1 2.6 ± 0.2 2.9 ± 0.1 2.7 ± 0.3 ns
PHOS mg/dl 8.1 ± 0.1b 6.6 ± 0.4a 6.8 ± 0.1a 7.0 ± 0.4a *
TP mg/dl 3.1 ± 0.2b 3.1 ± 0.2b 3.1 ± 0.1b 2.3 ± 0.1a *

Note: Different superscripts in each row indicate significant difference (p < 0.05).
*P < 0.05; **P < 0.01; ***P < 0.001; ns - means within the same row with no letters are not significantly different.
Abbreviation: T1, diets containing 4% BSFL; T2, diets containing 8% BSFL; T3, diets containing 12% BSFL. ALT, alanine aminotransferase; BUN, blood urea nitrogen; Ca, calcium;
CK, creatine kinase; GGT, gamma-glutamyl transferase; Mg, magnesium; P, phosphorus; TP, total protein.
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for grower and finisher rations were higher in the current study at
3400–3500 kcal/kg compared to Dabbou et al. (2018) at 3099–
3199 kcal/kg. The use of corn-based and wheat-based diets con-
tributed to the total ME in the diets. Thus, the growth perfor-
mances of the birds rely on energy availability in the diets and
microbial fermentation of the ingesta in the ceca (Yang et al.,
2020).

4.2. Broiler growth performances

A positive performance impact of dietary inclusion of insect
meal has also been observed in other research studies in broilers,
with increases in body weight, body weight gain, and feed conver-
sion ratio (FCR) observed in at least one phase of the experiment
(Dabbou et al., 2018; de Souza Vilela et al., 2021; Loponte et al.,
2017). For the growth performance parameters, the FI in the cur-
rent study was comparable to previous studies (Dabbou et al.,
2018; Dengah et al., 2015). It was observed that the average indi-
vidual FI of the broiler in starter and finisher phases ranged from
39.8 to 44.8 g and from 60.5 to 71.4 g, respectively (Dengah
et al., 2015), which were quite similar to the current study. A sim-
ilar observation on the FI of all three stages were lower compared
to that of the current study at 25.6 to 28.5 g (starter stage), 95.2 to
98.7 g (grower stage), and 171.7 to 176.4 g (finisher stage), with T3
in the grower stage and T2 and T3 in finisher stage being excep-
tions (Dabbou et al., 2018). On the other hand, the birds in the cur-
rent study displayed lower live weight compared to several
previous studies. Higher live weight for broiler chickens compared
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to the results of all treatments of the present study at 259.2 to
285.2 g (10 days), 1095.2 to 1227.9 g (24 days), and 2264.1 to
2279.0 g (35 days) (Dabbou et al., 2018). Choi et al. (2012) also
found higher live weight for broiler chickens in the finisher stage
compared to the current study (1739 to 1837 g). The live weight
for the current study was below the normal average for Cobb broil-
ers. This discrepancy may be explained by the occurrence of the
rainy season during the feeding trial period, with the average envi-
ronment temperature being between 18 �C and 21 �C (MET
Malaysia, 2019). Moraes et al. (2002) explained that a temperature
at 20 �C and below would stress birds and reduce their body
weight, especially during brooding. The ADG results of the current
study were in line with a previous study at 5.6 to 7.0 g and 18.7 to
27.4 g in both starter and finisher stages, respectively (Dengah
et al., 2015). However, Dabbou et al. (2018) found higher ADG in
all stages compared to the current study at 21.9 to 24.5 g (starter),
59.1 to 67.3 g (grower), and 88.9 to 97.7 g (finisher). Furthermore,
the current study found a higher FCR value in the starter stage
compared to Dabbou et al. (2018), which indicated that the FCR
of broiler chickens between days 1 and 10 was at 1.2. Similar
results were also observed in the grower stage, and Dabbou et al.
(2018) defined the FCR value for 10- to 24-day old broiler chickens
at 1.4 to 1.6 except for the control group in the current study (1.4).
Moreover, the FCR value in the finisher stage was lower compared
to Dabbou et al. (2018), which described the FCR value of 24- to 35-
day old broiler chicken at 1.8 to 1.9. Choi et al. (2012) also found a
relatively similar FCR value in the finisher stages at 1.6 to 1.7. The
lower performance of the broiler chickens in the current study can



K. Mat, Z. Abdul Kari, Nor Dini Rusli et al. Saudi Journal of Biological Sciences 29 (2022) 809–815
be explained by the presence of chitin in the BSFL meal, which
reduced feed digestibility, thus resulting in increased FI and
decreases in both live weight and daily gain (Schiavone et al.,
2018). The findings of the current study can be placed in the con-
text of the wide range of findings reported in the previous studies.
This diversity may be related to the nutrient content of the BSFL
meal that was used, which can be affected by the insect stages
either adult, larva, or pupa. In addition, the BSFL culturing nutrient,
the drying and pressing procedure, as well as the period of time
during which the chickens were fed.

4.3. Blood plasma constituents

In the current study, the results from haematological and bio-
chemical blood parameters indicated that feeding Def-BSFL as a
replacement for fishmeal did not significantly affect the health sta-
tus of birds. Moreover, the present study demonstrated that all
blood parameters observed fell within the reference ranges for
broiler chickens (Lumeij, 1997). In short, all the broiler groups in
the current study displayed no toxicity and indicated healthy kid-
neys, livers, and bile in the birds. The treatments affected the num-
ber of RBCs, which might be due to the changes in diets, which
altered the synthesis and release of these cells from bone marrow
(Abdel-Rahman & Mosaad, 2013). Studies by Marono et al. (2017)
and Loponte et al. (2017) have indicated a positive effect for BSFL
in the blood profile of layer chickens and Barbary partridges; these
findings are in line with the current study. In contrast to observa-
tions in the present study, Dabbou et al. (2018) and Kinasih et al.
(2018) suggested that feeding birds a BSFL diet did not affect their
blood profile. Differences in environmental conditions or diet types
could contribute to the differences (Kinasih et al., 2018). A higher
value for HGV and RBCs indicates a higher nutrient supply in the
body system of the chickens (Alabi et al., 2013). The MCV and
MCHC have been related to RBC and HGV results. Higher levels of
MCHC observed in the T1 and T2 groups in the current study
may indicate blood hemolysis due to high concentrations of HGV
inside RBCs. Furthermore, the presence of HGV outside of RBC
(due to RBC destruction) will produce high MCHC levels.

Moreover, the MON and BUN levels for all groups were gener-
ally based on the reference range. The role of the MON component
is to fight foreign materials that enter the bloodstream. There is a
direct relationship between protein intake and BUN levels (Szabo
et al., 2005) observed in diets T2 and T3 of the current study: Diets
containing high protein levels demonstrated significantly high
BUN in birds. However, BUN levels higher than the above reference
range indicate toxic urea in the liver (Godara et al., 2015). CK is a
type of protein responsible for producing enzymes in muscle cells
and the brain. Higher CK levels can contribute to diseases related to
vital organs (Amaral et al., 2017). The GGT indicates the amount of
enzyme in the blood as a chemical reaction. The higher GGT levels
observed at the end of the study was due to the increase in growth
because of more significant amounts of feed consumed at this
stage. Magnesium is an electrolyte that helps to regulate the ner-
vous system and maintain the heart. Studies have indicated that
Mg levels are related to potassium levels in blood serum
(Sowande et al., 2008). The increase of potassium will trigger the
movement of Mg in and out of cells, which will lead to hypo-Mg,
which is an imbalance of Mg (Hansen & Bruserud, 2018). A high
magnesium concentration can cause renal dysfunction, but this is
a rare condition that has only been observed in monogastric ani-
mals. Furthermore, the current study proves that the inclusion of
BSFL in ration does not increase P serum concentrations as the con-
trol group shows higher P compared to other treatments. Contrast-
ing findings suggested by Dabbou et al. (2018) may be explained
by the higher bioavailability of P in feed ingredients (Li et al.,
2016).
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5. Conclusions

The use of Def-BSFL as a protein source significantly affected the
FI, total BWG, ADG, and FCR. Overall, the birds fed with 4% Def-
BSFL for 6 weeks had the highest performance compared to those
fed other treatments. Therefore, it can be concluded that the Def-
BSFL is a promising alternative ingredient that can be used to
replace FM and SBM to develop a local-based feed ingredient for
broiler chickens at the optimal inclusion rate of 4% without com-
promising performance and health as indicated by the blood
parameters of the birds. Furthermore, the new knowledge gained
from this research is applicable to the broiler feed industry, and
it has the potential to aid Malaysian policymakers in their decision
to approve the use of insect meals in poultry feeds.
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