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INTRODUCTION

Poultry production is one of fast-growing industry 
that brings good economic value to farmers. Poultry 

farming has not only grown in quantity, but also made many 
advances in farming methods, especially the application of 
new and low-cost feed to the production. In the context 
of Vietnam, it has been observed that small-scale poultry 
farms often demonstrate a predilection for indigenous 
breeds due to their higher level of desirability among the 
local consumers (Delabouglise et al., 2019). Moreover, it 

has been shown that these local breeds exhibit a high level 
of adaptability to their surrounding environment (Linh et 
al., 2022).

The poultry industry has experienced significant growth, 
resulting in producers facing a persistent challenge in the 
form of high feed costs, primarily due to the necessity of 
importing certain raw ingredients. The costliest constituents 
in feed formulation, as identified by (Mat et al., 2022), 
are the protein components, which encompass fish meal 
(FM). Currently, there exist a multitude of applications 
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pertaining to the substitution of plant and animal protein 
sources in animal feed (Qui and Linh, 2023; Rahman et al., 
2021). Besides, there have been numerous global researches 
conducted on the utilization of insects as a viable protein 
source (Auza et al., 2023; Bellezza et al., 2021; Gasco et 
al., 2021; Kierończyk et al., 2022; Kim et al., 2021). The 
black soldier fly- Hermetia illucens (HI) has the potential to 
serve as a viable protein alternative in chicken diets. Over 
the course of the previous decade, a considerable body of 
research has been dedicated to investigating the utilization 
of the black soldier fly in animal feed, as evidenced by 
studies undertaken by (Mat et al., 2022; Auza et al., 2023; 
Chobanova et al., 2023; Mat et al., 2021). Indeed, insects 
can be utilized as a substitute for protein sources at varying 
inclusion percentages in order to reduce feed production 
expenses and achieve the most economically efficient 
formulation. According to a study conducted by (Mat et 
al., 2022), HI has been identified as a potentially beneficial 
nutritional source for various livestock and poultry species, 
including layer hens, broiler chickens, fish, quail, and pigs. 
The presence of high levels of important amino acids, such 
as lysine, in HIM has been found to contribute to the 
promotion of animal growth and increased protein content 
(Shumo et al., 2019). As indicated in a prior investigation, 
the larvae of flyers possess the potential to serve as 
valuable feed sources due to their high protein content, 
ranging from 37% to 63% (Barragan-Fonseca et al., 2017; 
Qosimah et al., 2023). A study conducted by Dabbou et al. 
(2021) revealed that the nutritional composition of HIM 
comprises 58.08% crude protein and 19.05% crude fat. 
In contrast, FM was discovered to possess 58.68% crude 
protein and 6.14% crude fat, indicating a disparity in their 
respective nutrient profiles.

The inclusion of HI in chicken diets has been shown to 
enhance growth performance owing to its high protein 
content (Mat et al., 2022; Auza et al., 2023; Dabbou et 
al., 2021). The study conducted by Schiavone et al. (2017) 
provided evidence that defatted HIMs have the potential 
to serve as a valuable source of apparent metabolizable 
energy and digestible amino acids for broiler chickens. This 
suggests that incorporating defatted HIMs into broiler 
diets may lead to improved efficiency in nutrient digestion. 
According to the findings of Marono et al. (2017), the 
utilization of defatted HI larva meal in the diet of laying 
hens resulted in improved feed efficiency. However, it 
should be noted that there were detected detrimental 
impacts on feed consumption. Furthermore, the addition of 
HIMs in the diet has been documented to have a beneficial 
impact on the blood profiles of laying hens, as described 
by (Loponte, 2017; Cullere et al., 2016). In addition, the 
inclusion of HI larva meal in the diet of growing quails, 
specifically during the period from 10 to 28 days of age, 
resulted in similar productive performances and carcass 

features when compared to quails that were fed standard 
soybean meal and oil-based diets, as reported by (Loponte 
et al., 2017). According to a study conducted by Schiavone 
et al. (2017), the substitution of soybean oil with HI larva 
fat in broiler chickens’ diets, whether at a rate of 50% or 
100%, does not result in any detrimental impacts on growth 
performance or blood parameters. In a study conducted 
by (Chobanova et al., 2023), it was demonstrated that the 
substitution of dietary soybean meal with HIM should be 
approached cautiously, taking into account various factors 
such as insect processing technology, supplementation 
of feed additives, accounting for non-protein nitrogen, 
maintaining mineral balance, optimizing fatty acid profile, 
and ensuring adequate amino acid supplementation.

As previously mentioned, there exists a multitude of 
functions attributed to HIM in animal production. 
However, there is a dearth of research pertaining to the 
substitution of HIM with FM in order to enhance the 
growth and health of local chickens. The aim of this present 
investigation is to assess the impact of HIM replacement 
in the diet on the growth performance, carcass features, 
hematological and hepatic enzyme markers of broilers.

MATERIALS AND METHODS

LocaTioN aNd Time
The study was implemented in Tra Vinh University, Tra 
Vinh Province, Vietnam from August 2023 to October 
2023. All procedures for animal health and care were 
complied with Vietnamese regulations. The approval 
number of this research was 59/KH-NNTS from the Tra 
Vinh University.

experimeNTaL desigN
A total of 72 chickens were allocated among three 
treatment groups. One treatment involves the use of eight 
birds, ensuring a balanced representation of both male and 
female individuals. The research employed local poultry 
species, specifically referred to as Noi chicken, ranging 
from the sixth to twelfth week of their growth period. The 
chickens were provided with unrestricted access to feed for 
all experimental conditions. The experimental treatments 
consist of three groups: (a) the control treatment (CON) 
with FM but does not have inclusion levels of HIM, (b) 
treatment 1 (RP1) which involves a 15% FM replacement 
by HIM, and (c) treatment 2 (RP2) which involves a 
30% replacement of FM by HIM. Table 1 presents the 
specific information regarding replacement and nutritional 
compositions. Each treatment group of birds was housed 
in individual cages constructed with plastic nets. The floor 
was adorned with a layer of husk infused with Balasa bio-
yeast. The study employed a 12:12 light-dark cycle using 
natural light as the treatment condition. Every treatment 
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group was equipped with automated feeders and drinkers. 
The avian specimens underwent a period of rearing, ranging 
from one to six weeks to acclimate to the experimental 
environment. During this stage, the birds were not yet fed 
with an HIM. All birds were administered vaccinations 
to protect against highly pathogenic avian influenza, 
Newcastle disease, and Gumboro disease. At the end of 
the study, birds were slaughtered in a humane manner by 
the method of cervical dislocation.

Table 1: Ingredients and chemical compositions of the 
diets.
Ingredients Treatments

CON RP1 RP2
Corn 13 13 13
Broken rice 25 25 25
Rice bran 46.3 46.3 46.5
Fish meal 13.6 11.6 9.4
HI meal 0 2 4
Lysine 0.5 0.5 0.5
Methionine 0.5 0.5 0.5
Salt 0.3 0.3 0.3
Dicalcium phosphate 0.5 0.5 0.5
Vitamin mineral premix 0.3 0.3 0.3
Total 100 100 100
CP 17 17 17
ME (Kcal/kg) 3022 3020 3016

growTh aNd carcass performaNce
On the initial day of treatment, specifically during the 
sixth week, the birds’ weights were measured and recorded. 
Throughout the whole experimental period, which spanned 
from week 6 to week 12, the body weight (BW), weight 
gain (WG) and feed intake (FI) of all treatment birds 
were gathered and assessed on a weekly basis in order to 
determine the daily FI, daily WG, and feed conversion ratio 
(FCR). The final BW measurement was obtained during 
the twelfth week before proceeding to the slaughtering 
process. At the end of the treatment period, the birds were 
euthanized, with a total of six birds per experimental group. 
The birds were plucked and eviscerated, and subsequent 
removal of the feet, head, neck, and abdominal fat resulted 
in the acquisition of the chilled carcass. Subsequently, the 
weights of heart, liver, bursa of Fabricius, spleen, thymus 
and breast and thigh were promptly noted. The weights of 
the breast and thigh were quantified as a percentage of the 
total live weight.

BLood sampLe aNaLysis
Birds were taken blood via vein at end of the study. The 
concentrations of total protein, globulin, total cholesterol, 
albumin, density lipoprotein cholesterol (low and 

high), glucose and triglycerides were determined and 
documented in milligrams per decilitre (mg/dL). A total of 
six experimental birds with an age of 12 days, were selected 
from each experimental unit randomly. At the conclusion of 
the investigation, about 2 millilitres of blood were collected 
from each avian specimen with 5 ml disposable syringes 
that were equipped with 23-gauge needles. The samples 
were expeditiously transferred into haematological tubes, 
EDTA, and subsequently placed in a refrigerated container 
within 48 hours of sample collection. The samples were 
later transferred to a medical center where they underwent 
biochemical and haematological analysis. Additionally, the 
levels of aspartate-aminotransferase (AST) and alkaline 
phosphatase (ALP) were determined using enzymatic 
methods on a Cobas 6000 Analyzer (Agilent Technologies, 
Santa Clara, CA, USA).

daTa aNaLysis
The data of this study was calculated using the Minitab 
software tool (version 17 for Windows, Minitab Inc., 
UK). In order to mitigate the impact of inadequate 
replication, the experimental unit for growth performance 
was defined as the pen, while for all other characteristics, 
it was the individual bird. The data underwent statistical 
analysis using a one-way analysis of variance (ANOVA), 
followed by Tukey’s test, to assess growth performance, 
carcass attributes, and blood parameters. The graphs were 
generated using the Microsoft 365- Excel software. The 
significance level was determined to be P < 0.05.

Table 2: The effect of fish meal replacement by HI meal on 
BW and BWG.
Treat-
ment

BG, g/bird BWG, g/bird/day
W6 W12 W7-9 W10-12 W7-12

CON 436.4 1197b 22.49 13.76b 18.13b

RP1 441 1234b 23.24 14.55b 18.90b

RP2 443.7 1300a 23.99 16.82a 20.40a

SEM 7.93 14.87 0.52 0.33 0.29
P 0.81 <0.05 0.21 <0.05 <0.05

Noted: a, b, c: different superscripts differ significantly at P<0.05. 
CON: control treatment without replacement; RP1: involved a 
15% replacement of HI meal (2% in diet) for fish meal; RP2: 
involved a 30% replacement of HI meal (4% in diet) for fish 
meal.

RESULTS AND DISCUSSION

effecT of him repLacemeNT oN growTh 
performaNce
The effect of HIM replacement versus FM in the diets 
(Tables 2 and 3) shows that it helps chickens improve 
their growth performance, particularly body weight (BG), 
body weight gain (BWG), feed intake (FI), feed conversion 



Advances in Animal and Veterinary Sciences

June 2024 | Volume 12 | Issue 6 | Page 1169

ratio (FCR) (P<0.05). At first, initial weight (W6) was 
not different (P>0.05) while W12 shows the significance 
between treatments. It proves that the replacement of 
HIM to FM brings a positive result. BWG at W10-12 
and in whole period was highest in the treatment of 30% 
HIM replacement (P<0.05). Table 3 shows that FCR was 
lowest at treatment of 30% replacement from W10-12 and 
W7-12 (P<0.05), whereas W7-9 was not different between 
treatments. Additionally, the results from W7-9 and W7-
12 show the highest FI at treatment without replacement 
of HIM (P<0.05).

Table 3: The effect of fish meal replacement by HI meal 
on FI and FCR.
Treat-
ment

FI, g/bird FCR
W7-9 W10-12 W7-12 W7-9 W10-12 W7-12

CON 48.97a 64.33 56.65a 2.26 6.11a 4.20a

RP1 48.18ab 64.33 56.25a 2.19 6.30a 4.24a

RP2 45.93b 62.17 54.05b 2.26 4.12b 3.25b

SEM 0.60 0.81 0.38 0.13 0.19 0.17
P <0.05 0.17 <0.05 0.91 <0.05 <0.05

Noted: a, b, c: different superscripts differ significantly at P<0.05. 
CON: control treatment without replacement; RP1: involved a 
15% replacement of HI meal (2% in diet) for fish meal; RP2: 
involved a 30% replacement of HI meal (4% in diet) for fish meal.

effecT of him repLacemeNT oN carcass 
characTerisTics
Tables 4 and 5 shows that there are no differences between 
treatments in heart, liver, gizzard, large intestine and caecal 
(P>0.05) although HIM replacement treatments show a 
higher weight and length. The significance was recorded in 
small intestine length with the highest length in treatment 
of 30% HIM replacement (P<0.05). Through Table 6, there 
are no significant differences between treatments in cooking 
loss of meat from breast and thigh as well as no significance 
in pH of breast and thigh meat (P>0.05). Figure 1 shows 
that Bursa of Fabricius and thymus weight were different 
between treatments (P<0.05) while spleen weights were 
not different in replacement of HIM to FM (P>0.05). The 
highest weights were recorded in treatment of 30% HIM 
replacement in both Fabricius and thymus weight.

Figure 1: Immune organ weights of broilers. a, b, c: 
different superscripts differ significantly at P<0.05. CON: 
control treatment without replacement; RP1: involved a 
15% replacement of HI meal (2% in diet) for fish meal; 
RP2: involved a 30% replacement of HI meal (4% in diet) 
for fish meal.

effecT of hi meaL repLacemeNT oN 
hemaToLogicaL aNd hepaTic eNzyme markers
Figure 2 shows that there are no detrimental effects 
of replacing FM with HIM in diets, on hematological 
parameters including protein (ranged from 4177-4573 mg/
dl), albumin (1528-1592 mg/dl), globulin (ranged from 
2647-2980 mg/dl), glucose (ranged from 144-145 mg/dl), 
total cholesterol (ranged from 69-72 mg/dl), triglyceride 
(ranged from 10.5-11.4 mg/dl), HDL-c and LDL-c 
(ranged 21.0-21.7 mg/dl) (P<0.05). Additionally, Figure 3 
shows that there are no effects of HIM replacement to FM 
on hepatic enzyme parameters consisting of AST (ranged 
from 224.6-227.6 U/L) and ALP (ranged from 1421-
1436 U/L).

Figure 2: Haematological parameters of broiler chicken. 
CON: control treatment without replacement; RP1: 
involved a 15% replacement of HI meal (2% in diet) for 
fish meal; RP2: involved a 30% replacement of HI meal 
(4% in diet) for fish meal.

Figure 3: Hepatic enzyme parameters of broiler chickens. 
CON: control treatment without replacement; RP1: 
involved a 15% replacement of HI meal (2% in diet) for 
fish meal; RP2: involved a 30% replacement of HI meal 
(4% in diet) for fish meal.

The results indicated that substituting FM with HIM had 
a notable impact on the growth of broiler chickens. The 
growth performance may be influenced by the CP content 
present in the HIM. As similar to the study conducted 
by Auza et al. (2023), high CP and high CF were 
recorded in HIM. Insects, such as HIM, possess chitin 
and antimicrobial peptides (AMPs), as demonstrated in 
the research conducted by (Kierończyk et al., 2022). The 
presence of chitin and AMPs in invertebrates, as highlighted 
by (Gasco et al., 2021), can have beneficial effects on the
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Table 4: The effect of HI meal replacement versus fish meal on carcass traits.
Treatment Carcass traits

Live weight, g Carcass, g Carcass, % Breast, g Breast, % Thigh, g Thigh, %
CON 1156b 769.4b 66.52 159.0b 20.67 182.4b 23.71
RP1 1210b 795.6b 65.74 160.9ab 20.23 185.2ab 23.29
RP2 1321a 897.3a 67.99 166.8a 18.59 187.4a 20.89
SEM 22.66 6.50 0.98 1.56 0.73 0.74 0.70
P <0.05 <0.05 0.32 <0.05 0.18 <0.05 0.59

Noted: a, b, c: different superscripts differ significantly at P<0.05. CON: control treatment without replacement; RP1: involved a 15% 
replacement of HI meal (2% in diet) for fish meal; RP2: involved a 30% replacement of HI meal (4% in diet) for fish meal.

Table 5: The effect of HI meal replacement versus fish meal on some organs. 
Treatment Carcass traits

Liver, g Heart, g Gizzard, g Small intestine, cm Large intestine, cm Caecal, cm
CON 27.00 5.47 43.63 142.3ab 11.07 17.50
RP1 32.67 4.80 41.80 147.6a 11.10 19.50
RP2 28.43 5.13 48.60 135.3b 12.50 18.50
SEM 1.46 0.33 1.61 2.80 0.37 0.55
P 0.07 0.43 0.06 <0.05 0.06 0.10

Noted: a, b, c: different superscripts differ significantly at P<0.05. CON: control treatment without replacement; RP1: involved a 15% 
replacement of HI meal (2% in diet) for fish meal; RP2: involved a 30% replacement of HI meal (4% in diet) for fish meal.

Table 6: The effect of HI meal replacement versus fish meal on meat quality.
Treatment Breast Thigh

Before 
cooking, g

After 
cooking, g

Cooking 
loss, %

pH Before 
cooking, g

After cooking, g Cooking 
loss, %

pH

CON 5.86 4.36 25.57 5.85 5.76 4.26 25.94 6.23
RP1 5.50 4.20 23.55 5.90 5.56 4.16 25.17 6.10
RP2 5.50 3.90 29.14 5.93 5.80 4.26 26.43 6.30
SEM 0.12 0.13 2.01 0.04 0.06 0.08 1.34 0.06
P 0.12 0.12 0.21 0.42 0.08 0.67 0.80 0.19

Noted: a, b, c: different superscripts differ significantly at P<0.05. CON: control treatment without replacement; RP1: involved a 15% 
replacement of HI meal (2% in diet) for fish meal; RP2: involved a 30% replacement of HI meal (4% in diet) for fish meal.

growth performance, gastrointestinal microbiota, and 
immunological response of avian species. It is commonly 
recognized that monogastric animals are unable to digest 
chitin present in their food. However, according to (Auza 
et al., 2023), the inclusion of AMP in feed which degrades 
chitin protein led to enhanced intestinal equilibrium, 
inhibition of harmful microorganisms, and promotion 
of the growth of good bacteria, specifically Lactobacillus. 
Consequently, this resulted in the synthesis of several easily 
digestible components. Additionally, it should be noted 
that fat is a significant nutrient found in insect biomass, 
occasionally in quantities that are comparable to crude 
protein (Benzertiha et al., 2020). The high fat content in 
HIM inclusion contributes to the presence of fatty acids 
in poultry meat. According to previous studies conducted 
by Kierończyk et al. (2022) and Auza et al. (2023), the 
nutritional composition of HIM exhibits similarities to 
soybean meal/FM and a higher fat content compared to 

FM. According to the research conducted by Dabbou et 
al. (2018), it has been observed that including larva meal 
at a concentration of 10% as a partial replacement for 
soybean meal is a viable option for inclusion in broiler 
diets during the beginning phase. The inclusion of HIM 
in the diet positively modulates the levels of live weight 
and dietary fiber intake. According to Auza et al. (2023), 
the substitution of FM with HIM larva meal at a rate of 
75% in the diet was identified as the ideal feeding strategy 
for enhancing the utilization of feed components in village 
chickens, while minimizing any negative impacts on their 
performance.

The replacement of HIM resulted to a positive impact on 
the weights of the carcass, breast, and thigh. It has also 
shown to significantly increase the size of the small intestine 
of broilers. No significant differences were observed in 
the other evaluated parameters. The variation in carcass 
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weights could perhaps be attributed to the process of 
protein synthesis in avian species, mostly concentrated in 
the muscular tissues of the organism ( Jariyahatthakij et al., 
2018; Linh et al., 2021). Consequently, this resulted in an 
augmentation of the bird weights. The present investigation 
shown resemblances to the research conducted by Auza et al. 
(2023). Furthermore, it is likely that the increase in carcass 
weight is a result of the inclusion of lauric acid in the HIM, 
specifically in the form of medium chain fatty acid. This 
particular fatty acid also has the ability to function as an 
antibacterial agent within the active intestinal microbiota, 
specifically targeting gram-positive bacteria (Barros-
Cordeiro et al., 2014). Moreover, the observed differences 
in small intestine length could perhaps be attributed to the 
small intestine’s vital function of nutrient absorption from 
dietary sources. Since the process of nutritional breakdown 
into smaller molecules can be selectively taken up by 
small intestinal epithelial cells is facilitated by a cascade 
of enzymes (Ducatelle et al., 2023). Thus, it shows that the 
longer length of small intestine could prove high protein 
and nutrient content in HIM. The study demonstrated 
that there was responsiveness observed in the white pulp 
of the spleen across all groups of animals. Additionally, 
the treated animals exhibited a higher spleen weight 
compared to the control birds. This observation exhibits 
a resemblance to the research conducted by Bellezza et al. 
(2021) in relation to the spleen. The observed result can 
be attributed to the presence of chitin, which has been 
shown to have an immunostimulatory impact (Gasco et 
al., 2018). The study conducted by Bovera et al. (2016) 
arrived at a similar finding, as they detected an increase in 
spleen weight that were fed a diet including insect meal. 
That study attributed these results to the antibacterial and 
antifungal characteristics of chitin. Additionally, it has 
been observed that animals with higher levels of stress 
exhibit reduced spleen volume. This phenomenon may be 
an effect of corticosterone, a stress hormone, that inhibits 
the development of lymphoid organs (Bovera et al., 2016). 
Moreover, a higher proportion of facilities had normal or 
average activity levels across all groups that could select 
for the existence of manageable stress levels. The ideas 
presented in this study can be supported by the findings of 
Schiavone et al. (2018), which showed generally favourable 
health and welfare status in broiler chickens.

Evaluation of biochemical blood parameters, including 
total protein, total cholesterol, AST, ALT and other 
linked numbers, can be used as a predictive tool to identify 
specific metabolic disorders that may appear in major 
organs (Nunes et al., 2018). The data of blood profiles 
was similar to the study of Qui and Linh (2023). The 
evaluation of broiler health is reliant upon the blood levels 
of specific parameters, as these indicators have been linked 
to the presence of disease or stress (Kim et al., 2021). The 
blood values acquired in the current study indicate that the 

consumption of HIM does not have a detrimental effect 
on the health state of animals. Throughout the experiment, 
the hens remained in good condition without exhibiting 
any clinical signs of disease or irregularities, which is 
further supported by the analysis of their blood parameters. 
The findings of this investigation align with previous 
studies conducted by (Bellezza et al., 2021; Kim et al., 
2021; Dabbou et al., 2021), since no significant variations 
in hematological markers were identified. The absence of 
notable distinctions in total protein and albumin levels 
among the treatment groups suggests that hens have the 
ability to regulate their blood metabolism and return to a 
normal metabolic state following the finisher period. This 
observation aligns with the findings of our recent study, 
which shown that a time of finishing exercise led to the 
normalization of plasma lipid levels through the facilitation 
of triglyceride transit and activation of lipolysis pathways 
( Jariyahatthakij et al., 2018).

CONCLUSIONS AND 
RECOMMENDATIONS

The substitution of HIM, as an alternative to FM, has been 
found to have advantageous impacts on the performance 
and health of broiler chickens. In the treatment involving 
30% replacement of high HI, there is an observed linear 
progression in BW, BWG, as well as a linear decline in FI 
and FCR. The incorporation of a 30% HIM into the diet 
of broiler chickens has been found to enhance the overall 
quality of their carcasses, as seen by increased weights of 
the carcass, thigh, and breast, as well as an elongation of 
the small intestine. The research findings indicated that 
the consumption of HIM replacement did not result 
in any negative impact on meat quality as well as the 
hematological and hepatic enzyme parameters of broiler 
chickens.

ACKNOWLEDGMENT

We acknowledge the support of time and facilities from 
Tra Vinh University (TVU) for this study.

NOVELTY STATEMENT

The study provided the information of an alternative to 
fish meal as one of the most expensive ingredients for 
poultry feed. To our best knowledge, this study is the new 
one which recorded in local broilers in Vietnam and could 
widely apply for other local poultry around the word.

AUTHOR’S CONTRIBUTION

NHQ and NTL conducted the research; NTL analysed 
data; NHQ wrote the manuscript; All authors approved 



Advances in Animal and Veterinary Sciences

June 2024 | Volume 12 | Issue 6 | Page 1172

for the final manuscript

coNfLicT of iNTeresT
The authors have declared no conflict of interest.

REFERENCES

Auza FA, Purwanti S, Syamsu J, Natsir A, Badaruddin R, 
Zulkarnain D, Munadi L (2023). Effects of using black 
soldier fly larvae meal (Hermetia illucens L) as a source 
of protein on boosting performance, carcass quality, and 
nutrient digestibility of village chicken. J. Anim. Health 
Prod., 11(2): 193-198. https://doi.org/10.17582/journal.
jahp/2023/11.2.193.198

Barragan-Fonseca KB, Dicke M, van Loon JJ (2017). Nutritional 
value of the black soldier fly (Hermetia illucens L.) and its 
suitability as animal feed. A review. J. Insects Food Feed., 
3(2): 105-120. https://doi.org/10.3920/JIFF2016.0055

Barros-Cordeiro KB, Báo SN, Pujol-Luz JR (2014). Intra-puparial 
development of the black soldier-fly, Hermetia illucens. J. 
Insect Sci., 14: 83. https://doi.org/10.1673/031.014.83

Bellezza OS, Biasato I, Imarisio A, Pipan M, Dekleva D, 
Colombino E, Capucchio MT, Meneguz M, Bergagna S, 
Barbero R, Gariglio M, Dabbou S, Fiorilla E, Gasco L, 
Schiavone A (2021). Black soldier fly and yellow mealworm 
live larvae for broiler chickens: Effects on bird performance 
and health status. J. Anim. Physiol. Anim. Nutr., 105(Suppl 
1): 10-18. https://doi.org/10.1111/jpn.13567

Benzertiha A, Kierończyk B, Rawski M, Mikołajczak Z, 
Urbański A, Nogowski L, Józefiak D (2020). Insect Fat in 
Animal Nutrition. A review. Ann. Anim. Sci., 20(4): 1217-
1240. https://doi.org/10.2478/aoas-2020-0076

Bovera F, Loponte R, Marono S, Piccolo G, Parisi G, Iaconisi 
V, Gasco L, Nizza A (2016). Use of Tenebrio molitor larvae 
meal as protein source in broiler diet: Effect on growth 
performance, nutrient digestibility, and carcass and meat 
traits. J. Anim. Sci., 94(2): 639-647. https://doi.org/10.2527/
jas.2015-9201

Chobanova S, Karkelanov N, Mansbridge SC, Whiting IM, 
Simic A, Rose SP, Pirgozliev VR (2023). Defatted black 
soldier fly larvae meal as an alternative to soybean meal 
for broiler chickens. Poultion, 2(3): 430-441. https://doi.
org/10.3390/poultry2030032

Cullere M, Tasoniero G, Giaccone V, Miotti-Scapin R, Claeys E, 
De Smet S, Dalle Zotte A (2016). Black soldier fly as dietary 
protein source for broiler quails: Apparent digestibility, 
excreta microbial load, feed choice, performance, carcass 
and meat traits. Animals, 10(12): 1923-1930. https://doi.
org/10.1017/S1751731116001270

Dabbou S, Gai F, Biasato I, Capucchio MT, Biasibetti E, 
Dezzutto D, Meneguz M, Plachà I, Gasco L, Schiavone A 
(2018). Black soldier fly defatted meal as a dietary protein 
source for broiler chickens: Effects on growth performance, 
blood traits, gut morphology and histological features. J. 
Anim. Sci. Biotech., 9: 49. https://doi.org/10.1186/s40104-
018-0266-9

Dabbou S, Lauwaerts A, Ferrocino I, Biasato I, Sirri F, Zampiga 
M, Bergagna S, Pagliasso G, Gariglio M, Colombino E, 
Narro CG, Gai F, Capucchio MT, Gasco L, Cocolin L, 
Schiavone A (2021). Modified black soldier fly larva fat in 
broiler diet: Effects on performance, carcass traits, blood 
parameters, histomorphological features and gut microbiota. 

Anim. (Basel), 11(6): 1837. https://doi.org/10.3390/
ani11061837

Delabouglise A, Nguyen-Van-Yen B, Thanh NTL, Xuyen HTA, 
Tuyet PN, Lam HM, Boni MF (2019). Poultry population 
dynamics and mortality risks in smallholder farms of the 
Mekong river delta region. BMC Vet. Res., 15(1): 205. 
https://doi.org/10.1186/s12917-019-1949-y

Ducatelle R, Goossens E, Eeckhaut V, Van Immerseel F (2023). 
Poultry gut health and beyond. Anim. Nutr., 13: 240-248. 
https://doi.org/10.1016/j.aninu.2023.03.005

Gasco L, Finke M, Van Huis A (2018). Can diets containing 
insects promote animal health? J. Insects Food Feed., 4(1): 
1-4. https://doi.org/10.3920/JIFF2018.x001

Gasco L, Józefiak A, Henry M (2021). Beyond the protein 
concept: Health aspects of using edible insects on animals. J. 
Insects Food Feed., 7(5): 715-741. https://doi.org/10.3920/
JIFF2020.0077

Jariyahatthakij P, Chomtee B, Poeikhampha T, Loongyai W, 
Bunchasak C (2018). Effects of adding methionine in 
low-protein diet and subsequently fed low-energy diet on 
productive performance, blood chemical profile, and lipid 
metabolism-related gene expression of broiler chickens. 
Poult. Sci., 97(6): 2021-2033. https://doi.org/10.3382/ps/
pey034

Kierończyk B, Rawski M, Mikołajczak Z, Homska N, Jankowski 
J, Ognik K, Józefiak A, Mazurkiewicz J, Józefiak D (2022). 
Available for millions of years but discovered through the last 
decade: Insects as a source of nutrients and energy in animal 
diets. Anim. Nutr., 11: 60-79. https://doi.org/10.1016/j.
aninu.2022.06.015

Kim B, Bang HT, Jeong JY, Kim M, Kim KH, Chun JL, Ji SY 
(2021). Effects of dietary supplementation of black soldier 
fly (Hermetia illucens) larvae oil on broiler health. J. Poult. 
Sci., 58(4): 222-229. https://doi.org/10.2141/jpsa.0200070

Linh NT, Vui NV, Guntoro B, Qui NH (2021). The effects of 
dietary methionine during 5-14 weeks of age on growth 
performance and carcass traits of chickens. J. Anim. Health 
Prod., 9(2): 193-197. https://doi.org/10.17582/journal.
jahp/2021/9.2.193.197

Linh NT, Dong NTK, Thu NV (2022). A survey of Muscovy duck 
production in rural areas of Tra Vinh Province, Vietnam. J. 
Indonesian Trop. Anim. Agric., 47(2): 138-145. https://doi.
org/10.14710/jitaa.47.2.138-145

Loponte R, Nizza S, Bovera F, De Riu N, Fliegerova K, Lombardi 
P, Vassalotti G, Mastellone V, Nizza A, Moniello G (2017). 
Growth performance, blood profiles and carcass traits 
of Barbary partridge (Alectoris barbara) fed two different 
insect larvae meals (Tenebrio molitor and Hermetia illucens). 
Res. Vet. Sci., 115: 183-188. https://doi.org/10.1016/j.
rvsc.2017.04.017

Marono S, Loponte R, Lombardi P, Vassalotti G, Pero ME, 
Russo F, Gasco L, Parisi G, Piccolo G, Nizza S, Di Meo 
C, Attia YA, Bovera F (2017). Productive performance and 
blood profiles of laying hens fed Hermetia illucens larvae 
meal as total replacement of soybean meal from 24 to 45 
weeks of age. Poult. Sci., 96(6): 1783-1790. https://doi.
org/10.3382/ps/pew461

Mat K, Abdul Kari Z, Rusli ND, Rahman MM, Che Harun H, 
Al-Amsyar SM, Mohd Nor MF, Dawood MAO, Hassan 
AM (2022). Effects of the inclusion of black soldier fly 
larvae (Hermetia illucens) meal on growth performance and 
blood plasma constituents in broiler chicken (Gallus gallus 
domesticus) production. Saudi J. Biol. Sci., 29(2): 809-815. 

https://doi.org/10.17582/journal.jahp/2023/11.2.193.198
https://doi.org/10.17582/journal.jahp/2023/11.2.193.198
https://doi.org/10.3920/JIFF2016.0055
https://doi.org/10.1673/031.014.83
https://doi.org/10.1111/jpn.13567
https://doi.org/10.2478/aoas-2020-0076
https://doi.org/10.2527/jas.2015-9201
https://doi.org/10.2527/jas.2015-9201
https://doi.org/10.3390/poultry2030032
https://doi.org/10.3390/poultry2030032
https://doi.org/10.1017/S1751731116001270
https://doi.org/10.1017/S1751731116001270
https://doi.org/10.1186/s40104-018-0266-9
https://doi.org/10.1186/s40104-018-0266-9
https://doi.org/10.3390/ani11061837
https://doi.org/10.3390/ani11061837
https://doi.org/10.1186/s12917-019-1949-y
https://doi.org/10.1016/j.aninu.2023.03.005
https://doi.org/10.3920/JIFF2018.x001
https://doi.org/10.3920/JIFF2020.0077
https://doi.org/10.3920/JIFF2020.0077
https://doi.org/10.3382/ps/pey034
https://doi.org/10.3382/ps/pey034
https://doi.org/10.1016/j.aninu.2022.06.015
https://doi.org/10.1016/j.aninu.2022.06.015
https://doi.org/10.2141/jpsa.0200070
https://doi.org/10.17582/journal.jahp/2021/9.2.193.197
https://doi.org/10.17582/journal.jahp/2021/9.2.193.197
https://doi.org/10.14710/jitaa.47.2.138-145
https://doi.org/10.14710/jitaa.47.2.138-145
https://doi.org/10.1016/j.rvsc.2017.04.017
https://doi.org/10.1016/j.rvsc.2017.04.017
https://doi.org/10.3382/ps/pew461
https://doi.org/10.3382/ps/pew461


Advances in Animal and Veterinary Sciences

June 2024 | Volume 12 | Issue 6 | Page 1173

https://doi.org/10.1016/j.sjbs.2021.10.027
Mat K, Mohamad N, Rusli N, Rahman M, Hasnita C, Al-Amsyar 

S, Mahmud M (2021). Preliminary study on the effect of 
feeding Black Soldier Fly Larvae (BSFL) on growth and 
laying performance of Japanese Quail (Cortunix japonica). 
Int. J. Agric. Tech., 17(3): 977-986.

Nunes RV, Broch J, Wachholz L, de Souza C, Damasceno JL, 
Oxford JH, Bloxham DJ, Billard L, Pesti GM (2018). 
Choosing sample sizes for various blood parameters of 
broiler chickens with normal and non-normal observations. 
Poult. Sci., 97(10): 3746-3754. https://doi.org/10.3382/ps/
pey217

Qosimah D, Santosa S, Maftuch M, Khotimah H, Enggar Fitri 
L, Aulanni A (2023). Use of black soldier fly (Hermetia 
illucens) prepupae amino acids as anti Aeromonas hydrophila 
enterotoxin in vivo. Iraqi J. Vet. Sci., 37(1): 23-29. https://
doi.org/10.33899/ijvs.2022.133332.2205

Qui NH, Linh NT (2023). Effects of dietary β-glucan and 
rice fermented on growth performance, fatty acids, and 
Newcastle disease immune response in turkey broilers. 
Saudi J. Biol. Sci., 30(8): 103736. https://doi.org/10.1016/j.
sjbs.2023.103736

Rahman MS, Majumder MK, Sujan MHK (2021). Adoption 

determinants of biogas and its impact on poverty in 
Bangladesh. Energy Rep., 7: 5026-5033. https://doi.
org/10.1016/j.egyr.2021.08.027

Schiavone A, Dabbou S, De Marco M, Cullere M, Biasato I, 
Biasibetti E, Capucchio MT, Bergagna S, Dezzutto D, 
Meneguz M, Gai F, Dalle Zotte A, Gasco L (2018). Black 
soldier fly larva fat inclusion in finisher broiler chicken diet 
as an alternative fat source. Animals, 12(10): 2032-2039. 
https://doi.org/10.1017/S1751731117003743

Schiavone A, De Marco M, Martínez S, Dabbou S, Renna M, 
Madrid J, Hernandez F, Rotolo L, Costa P, Gai F, Gasco 
L (2017). Nutritional value of a partially defatted and a 
highly defatted black soldier fly larvae (Hermetia illucens 
L.) meal for broiler chickens: apparent nutrient digestibility, 
apparent metabolizable energy and apparent ileal amino 
acid digestibility. J. Anim. Sci. Biotech., 8(1): 51. https://doi.
org/10.1186/s40104-017-0181-5

Shumo M, Osuga IM, Khamis FM, Tanga CM, Fiaboe KKM, 
Subramanian S, Ekesi S, van Huis A, Borgemeister C 
(2019). The nutritive value of black soldier fly larvae reared 
on common organic waste streams in Kenya. Sci. Rep., 9(1): 
10110. https://doi.org/10.1038/s41598-019-46603-z

https://doi.org/10.1016/j.sjbs.2021.10.027
https://doi.org/10.3382/ps/pey217
https://doi.org/10.3382/ps/pey217
https://doi.org/10.33899/ijvs.2022.133332.2205
https://doi.org/10.33899/ijvs.2022.133332.2205
https://doi.org/10.1016/j.sjbs.2023.103736
https://doi.org/10.1016/j.sjbs.2023.103736
https://doi.org/10.1016/j.egyr.2021.08.027
https://doi.org/10.1016/j.egyr.2021.08.027
https://doi.org/10.1017/S1751731117003743
https://doi.org/10.1186/s40104-017-0181-5
https://doi.org/10.1186/s40104-017-0181-5
https://doi.org/10.1038/s41598-019-46603-z

