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ABSTRACT

Black Soldier Fly larvae (BSFL) are larvae of the Hermetia illucens beetle, which can serve as a protein source in
poultry feed; however, their impact on production and quality remains inconsistent. Therefore, this study aimed to assess
the utilization of BSFL as a protein source for laying hens in terms of production performance and egg quality. Study
selection followed the PRISMA protocol. This meta-analysis retrieved 44 studies from 17 articles, utilizing Hedges’d
as the effect size metric. The results indicated that the production performance of laying hens fed diets containing BSFL
did not differ significantly from control diets regarding egg weight, egg mass, hen day production, feed conversion ratio
(FCR), and feed intake. However, significant differences (P<0.05) were observed in all egg quality parameters except
for shell thickness and cholesterol content. The inclusion of BSFL in laying hen diets significantly increased (P<0.05)
Haugh Unit (HU), egg yolk color score, and level of lauric, myristic, and palmitic acids. Sub-group analysis of larvae
forms revealed that non-defatted BSFL exhibited the best FCR. Meta-regression analysis identified the optimal BSFL

inclusion level for laying hens as 12%.
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INTRODUCTION

One of the sources of animal protein in the poultry diet
that is often used by the poultry industry is meat and bone
meal (MBM). The advantage of MBM is that its protein
content is quite high, approximately 44.6-62.8% (Garcia et
al., 2016), and does not cause a rancid odor in chicken
meat. Apart from its advantages, MBM has disadvantages,
including the fact that it is an imported product. The
Association of Animal Food Companies reported that
MBM imports to Indonesia increased from 287x103 tons in
2018, to 309x10® tons in 2019. The import of MBM is
likely to continue to increase as the number of poultry in
Indonesia increases. Apart from imports, one of the raw
materials for MBM is organ tissue originating from sick or
euthanized animals (animals killed intentionally due to
certain diseases), animal carcasses originating from zoos,
and pig organ tissue (Garcia et al. 2006)Thus, alternative

ingredients are required to substitute for MBM, and one of
them is the Black Soldier Fly larvae (BSFL).

BSFL (Hermetia illucens) is an insect larva often
found in fruit and organic waste. BSFL is easy to obtain,
grows quickly and abundantly (within 2 months, one adult
insect can produce 400-500 eggs), its diet is not
complicated, does not carry viruses and bacteria, and
requires low input in its breeding (Smets et al. 2020). In
addition, BSFL is an excellent organic waste
decomposition agent, so it can be used as an alternative
solution for processing organic waste, which, until now
almost all developing countries have had problems
managing it (Dortmans 2015; Grau et al. 2022), including
Indonesia. The Ministry of Environment and Forestry of
the Republic of Indonesia stated that the amount of waste
piled up in Indonesia has reached 175,000 tons/day with
69% being transported and stockpiled in landfills, 10%
buried, 7% composted and recycled, 5% burned, and the
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rest is not managed 7% (Ministry of Environment and
Forestry 2013; Dhewanto et al. 2018; Ministry of National
Development Planning/Bappenas 2021). All of these
require quite a certain portion of waste transportation cost.
The Ministry of Environment and Forestry further
described that organic waste makes up the majority of
waste in Indonesia, accounting for about 57% of the overall
waste pile. Non-organic waste can be recycled, but organic
waste causes odor problems due to decay and
environmental pollution. Such organic waste has
the potential to be used as the BSF cultivation medium
(Fitriana et al. 2022; Zulkifli et al. 2023).

One of the most important factors is the nutritional
content of BSFL. Jayanegara et al. (2017) BSFL reported
good nutrient profiles, i.e., 44.9% crude protein, 29.1%
crude fat, 16.4% crude fiber, and 8.1% ash content. BSFL
also contains a balanced composition of essential amino
acids (Smets et al. 2020). Proteins, which consist of various
amino acids, are responsible for growth, including muscle
formation, replacement of dead tissue, and antibody
formation. Therefore, BSFL is expected to replace MBM
without ~ compromising laying  hens'  immunity,
performance, or egg quality.

Researchers in various countries have begun to
research BSFL and its use in feed. For instance, Choi et al.
(2021) reported that the use of BSFL flour in broiler
chicken feed at a level of 0.5-1.5% affected color, TBARS,
DPPH, and free radicals in meat. In quail, at a level of 10%
in the form of flour, it affected protein content, cholesterol
levels, amino acid profile, fatty acid profile, and
organoleptic properties (Cullere et al. 2018). Kurnia Citra
et al. (2019) reported that the use of BSFL defatted flour
has the ability to act as a natural antimicrobial, which can
reduce the number of Escherichia coli colonies in quail
intestines by 99.99% along with increasing defatted larvae
flour to 6.18% in the ration. In Muscovy duck, according
to (Gariglio et al. 2021), the use of BSFL flour in the feed
of 3-9% affected the fatty acid profile and amino acid
profile. In laying hens, according to (Bejaei &
Cheng 2020), the substitution of soybean meal with dry
BSFL at 10-18% resulted in egg production with egg
quality comparable to control eggs. In the study of Al-
Qazzaz et al. (2016)The addition of 0, 50, and 10g kg™
BSFL to laying hen feed significantly increased egg
productivity and quality.

Based on the various information presented, the results
of BSFL feeding on poultry varied, including those for the
laying hens. Furthermore, there is no standard dose or level
of BSFL for laying hens. Thus, it is necessary to integrate
various data from previous studies to generalize the effects
of BSFL feeding on laying hens. Therefore, this study
aimed to evaluate the influence of BSFL feeding on
production performance and egg quality of laying hens by
integrating and synthesizing data from previously
published studies using the meta-analysis approach.

MATERIALS AND METHODS

Database development

A database was developed using a variety of articles
reporting the production performance and quality of
chicken eggs fed with BSFL. Several keywords were used

LR N3

in the article search, i.e., “black soldier fly”, “laying hen”,
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“performance”, and “egg” on Scopus, Crossref, Pubmed,
and Google Scholar platforms by using the Publish or
Perish software. The literature selection process is
presented in Fig. 1. The articles included in this study were
published between 2016 and 2023. Seventeen papers met
the inclusion criteria (Table 1), and the methodology was
based on the PRISMA protocol, also known as the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (Liberati et al. 2009). The requirements for
publications to be admitted to the database were as follows:
1) publication manuscripts are presented in English, 2)
included BSFL as a feed protein source on laying hens, 3)
there are control and treatment groups in one article, and 4)
articles presenting the production performance and quality
of chicken eggs fed with BSFL.

Database development literature search using keywords on
Scopus and google scholar: “Black soldier fly”, “laying
hens”, “performance”, and “egg”

Data range 2003-2023

!

Search result total = 1223 articles
Consist of: Scopus = 20 articles
Crossref = 200 articles
Pubmed = 6 articles
Google Scholar = 997

l

Title, abstract and method evaluation: 97 articles

Duplicate, non-relevant studies and
parameters: 76 articles

Fulltext review and application of inclusion
criteria, relevant studies for database= 21 articles

Fulltext articles were excluded due to no control
and larvae form as oil or fat source (4 articles)

17 articles (n=44 studies)

Identification

Screening

Eligibility

‘ Included

Fig. 1: The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) procedure in the selection process
of literature.

BSFL was reported in the publications at varying
percentages, from 1 to 24% of the dry matter content, when
utilized as a feed protein source for laying hens. Parameters
included in the database were production performance and
egg quality. Production performance-related parameters
included egg weight, egg mass, hen day production (HDP),
feed conversion ratio (FCR), and feed intake. In contrast,
egg quality parameters included Haugh unit (HU), egg yolk
color score, shell thickness, cholesterol content, lauric acid
(LAU), myristic acid (MYR), palmitic acid (PAL), and
stearic acid (STE). The BSFL data were categorized into
two groups, namely defatted and non-defatted. Defatted is
larvae or larvae flour that has had its fat removed. Non-
defatted refers to larvae or larvae flour that has no fat
removed when used as a feed ingredient.

Data analysis

The data were assessed by meta-analysis of random
effects, with the effect size (d) determined using Hedges'd
(Liberati et al. 2009). This approach was chosen because it
may calculate the effect size regardless of sample size



heterogeneity or statistical test outcomes (Palupi et al. 2012):

vE_3C
[d =% SX )1 1)
Where XE is the mean of the experimental group, XC is the

mean of the control group, S is the pooled standard

deviation, i.e.:

[s = J(NE—1)(s5>2+(NC—1)(sC)2] )
(NE+NC-2)

and J is the correction factor for the small sample size,

explained as

[J=

> ] ®3)

1= (4(NC+NE-2)-1)

where the sample size of the experimental group is
symbolized in NE, the sample size of the control group is
symbolized in NC, the standard deviation of the experimental
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in vi. Using DerSimonian and Laird method (DerSimonian
& Laird 1986), the estimated variation between studies (1)
was calculated with the following formula:

[**=Q—dfC] (%)
where the weighted sum square is symbolized in Q, df is
degrees of freedom, and C for the value. The OpenMEE
software, which is used for meta-analysis in this
investigation, was developed based on work of Wallace et
al. (2017). A cumulative forest plot of the tested parameters
with a 95% confidence interval. Additionally, OpenMEE
and JASP software were used to perform the Egger’s test
and funnel plot, which were used to visually and
statistically detect publication bias.

RESULTS

group is symbolized in sE, and the standard deviation of the
control group is symbolized in sC. This study used the
random effect method to estimate the effect size with a 95%
confidence interval according to the following formula:

= Br +vi] (4)
where the effect size of the i-th observation is symbolized
inyi, and the sampling in the i-th observation is symbolized

Characteristics of articles

The meta-database of 44 observations was drawn
from 17 papers (Table 1). Statistical descriptions of various
parameters related to production performance and egg
quality are reported in Table 2. Table 3 presents the meta-
analysis results, which compare the experiment and

Table 1: Studies used in the database for meta-analysis of production performance and egg quality of laying hens fed with BSFL

No Study Larvae form Sub-group Level (%)

1  Al-Qazzaz etal. (2016) Meal Non defatted 1-5

2 Parketal. (2017) Pupa Meal Non defatted 3.5-6.5

3 Mwaniki et al. (2018) Defatted meal Defatted 5-75

4 Seccietal. (2018) Meal Non defatted 17

5 lrawan et al. (2019) Fresh, Dried and Defatted meal Non defatted and Defatted 8

6  Mwaniki et al. (2020) Defatted meal Defatted 10-15

7  Bejaei & Cheng (2020) Dried Non defatted 10-18

8 Liuetal. (2020) Meal Non defatted 1-5

9 Staretal. (2020) Fresh Non defatted 10

10 Heuel etal. (2021a) Defatted meal +Oil Non defatted 15

11 Heuel etal. (2021b) Defatted meal +Oil Non defatted 15

12 Parketal. 2021) Defatted meal Defatted 2-4

13 Patterson etal. (2021) Meal Non defatted 8-24

14  Heuel et al. (2022) Defatted meal +Oil Non defatted 15

15 Zhao etal. (2022) Defatted meal Defatted 1.5-3

16 Lokaewmanee et al. (2023) Live/ Fresh Non defatted 1-3

17 Nassar et al. (2023) Meal Non defatted 3-12

Table 2: Descriptive statistics on the effects of BSFL supplementation on production performance and egg quality of laying hens

Variable Unit  NC Mean SD Min Max

Control Treatment Control Treatment Control Treatment Control Treatment

Production Performance
Feed intake g/d 20 108.08 107.69 3.05 3.05 7890  79.40 141.00 141.00
HDP % 8 8055 80.89 6.93 6.93 5434  49.61 89.40 92.86
Egg weight g 34 60.81 60.90 3.69 3.71 4766  46.41 67 69.20
Egg mass g/d 14 5443 54.10 44 44 2859 2598 64.10 68.60
FCR g/g 17 1.95 1.97 0.08 0.08 1.65 1.66 2.53 2.43

Egg Quality
HU % 28 8572  86.99 421 4.14 75.6 77 90.83  93.00

Egg yolk color score 23 6.48 7.15 0.5 0.51 3.05 2.61 9.12 12.87
Shell thickness mm 24 0.39 0.42 0.03 0.03 0.04 0.03 0.44 0.45
Cholesterol content mg/dL 13 119.84 120.78 6.94 6.93 5.2 5.4 368.33 365.77
Lauric acid (egg yolk) % 5 0.26 0.51 0.2 0.2 0.03 0.19 1.19 1.23
Myristic acid (egg yolk) % 13 0.47 1.22 0.23 0.23 0.29 0.33 1.70 2.96
Palmitic acid (egg yolk) % 13 2475  25.64 1.25 1.25 20.82  19.96 26.68  27.40
Stearic acid (egg yolk) % 13 8.27 7.96 0.41 0.41 7.07 6.57 9.88 9.36
SFA % 13 3450 3590 0.78 0.78 3342  33.67 36.05  38.90
MUFA % 13 4423  45.00 1.33 1.33 41.6 40.88 4739  47.10
PUFA % 13 2105 18.88 1.32 1.32 16.94 1538 2450  22.27

NC: number of comparisons, SD: Standard deviation, Min: Minimum value, Max: Maximum value, HDP: Hen Day Production, HU:
Haugh Unit.
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Table 3: Meta-analysis results on the effects of BSFL supplementation on production performance and egg quality of laying hens

Variable Unit  NC Estimate Lower Upper SD  Pvalue Tau? Q Het. p-value 12
Production Performance
Feed intake g/d 20 0.109 -0.222 0.439 0.169 0.519 0.231 32.483 0.028 4151
HDP % 8 0.758 -0.732 2.247 0.760 0.319 4.107 68.417 <0.001 89.77
Egg weight g 34 0.294 0.020 0.568 0.140 0.035 0.394 87.061 <0.001 58.65
Egg mass g/d 14 -0.220 -0.611 0.170 0.199 0.269 0.267 25.926 0.017 49.86
FCR o/g 17 -0.052 -0.726 0.622 0.344 0.880 1.279 60.669 <0.001 78.57
Egg Quality
HU % 28 0.338 0.032 0.643 0.156 0.030 0.352 58.293  <0.001 53.68
Egg yolk color score 23 1261 0.689 1.834 0.292 <0.001 1.668 113.951 <0.001 78.06
Shell thickness mm 24 0.151 -0.533 0.834 0.349 0.666 2.851 295.758 <0.001 91.55
Cholesterol content mg/dL 13 0.703 -0.378 1.784 0.551 0.202 3.371 118.425 <0.001 89.87
Lauric acid (egg yolk) % 5 3545 1112 5.978 1.241 0.004 7.095 71572 <0.001 94.41
Myristic acid (egg yolk) % 13 2452 1401 3.503 0.536 <0.001 3.124 132.185 <0.001 90.92
Palmitic acid (egg yolk) % 13 1.124 0.231 2.017 0.456 0.014 2.332 114.145 <0.001 89.49
Stearic acid (egg yolk) % 13 -0.581 -1.237 0.076 0.335 0.083 1.180 70.851  <0.001 83.06
SFA % 13 2182 1.093 3.271 0.556 <0.001 3.524 139.215 <0.001 91.38
MUFA % 13 -0.096 -1.171 0.978 0.548 0.860 3.558 157.477 <0.001 92.38
PUFA % 13 -1.006 -2.147 0.136 0.582 0.084 3.943 166.980 <0.001 92.81

NC: number of comparisons, t 2: estimate of variance between studies in a random-effects meta-analysis, Q: study homogeneity, 12:
percentage of variation across studies due to heterogeneity, HDP: Hen Day Production, HU: Haugh Unit.
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Fig. 2: Cumulative forest plot on the effects of BSFL
supplementation on production performance and egg quality of
laying hens.

controls. The effect of BSFL supplementation on
production performance and egg quality is shown by the
cumulative forest plot which presented in Fig. 2.

The analysis results indicated a statistically significant
increase (P<0.05) in the value of egg weight, HU, egg yolk
color score, LAU, MYR, PAL, and SFA compared to the
control. However, the results for feed intake, HDP, egg
mass, FCR, shell thickness, cholesterol content, stearic
acid, MUFA, and PUFA were not statistically significant
(P>0.05).

Sub-Group and Meta-Regression Analysis

The results of the subgroup analysis are presented in
Fig. 3. This data is presented based on larvae form in the
FCR parameter which is the main parameter in identifying
the effect of BSFL supplementation on production
performance. This FCR parameter is a reflection of the
efficiency of feed use which ultimately has a subsequent

impact on economic value. The sub-group analysis findings
based on larvae form revealed that the use of BSFL in non-
defatted form contributed to (P<0.05) reducing the FCR
value. The results of meta-regression in Fig. 4 show that on
FCR parameter, BSFL supplementation is negatively
correlated with increasing levels of BSFL administration
using the aquation: Y = 0.233- 0.035x. These findings
indicate that when BSFL usage rises, FCR value decreases.
Meta regression also shows that the most optimal level to
decrease FCR value of BSFL use as a protein source for
laying hens is at the level of 12%.

Publication bias

Fig. 5 presents the publication bias results using the
performance production and egg quality parameters’ funnel
plot test. The statistical analysis of publication bias using
Egger’s test produced significant results (P=0.027), and the
funnel plot clearly displayed an asymmetrical image. This
evidence substantiates the presence of publication bias in
this study, which can be attributed to the differing sources
of BSFL level and form utilized in each article. In order to
determine their impact, this research employed the random
effect approach and carried out a sub-grub analysis
depending on the BSFL level, as shown in Fig. 3.

DISCUSSION

Production performance of chickens fed with feed
containing BSFL

The production performance of laying hens fed feed
containing BSFL showed no significant differences in Egg
Mass, HDP, FCR, and Feed intake (P>0.05). This indicated
that BSFL can be used as an origin of protein in laying hens
feed up to a level of 24%. It was reported in previous
research that soybean meal can be substituted with BSFL
meal in laying hen feed without adverse effects on
production performance and health (Al-Qazzaz et al. 2016;
Park et al. 2017; Mwaniki et al. 2018; Mwaniki et al. 2020;
Zhao et al. 2022; Alfian et al. 2023). The inclusion of BSFL
in laying hen feed resulted in a significant increase in egg
weight (P<0.05) compared to the control. Among the
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factors influencing egg weight, besides genetics and parent
age, nutritional content of the feed-especially protein, total
amino acids, and minerals (Zhao et al. 2022).

Overall, the crude protein content in BSFL meal was
comparable to protein sources used in the control diets,
namely fish meal (Zhao et al. 2022), soybean meal (SBM)
(Mwaniki 2019; Secci et al., 2018, 2019) and MBM
(Kurnia Citra et al. 2019). This suggests that BSFL meal
can effectively replace fish meal and MBM in poultry feed
as a protein source. Achieving a balanced and adequate
amino acids profile is crucial for enhancing performance.

Previous studies have demonstrated that even the
absence of a single amino acid from the diet can impact the
performance of laying hens (Johnson et al. 1956). In this
study, the amino acid composition of the BSFL diet was
similar to the reported compositions in the literature for

most amino acids (Mwaniki 2019). Several studies have
indicated that BSFL feed exhibits a well-balanced amino
acid profile, comparable to fish meal (Zhao et al. 2022),
SBM (Secci et al. 2018; Mwaniki 2019) and MBM (Kurnia
Citra et al. 2019).

Quality of chicken eggs that are fed containing BSFL

Based on the results of the meta-analysis (Table 3), all
egg quality parameters of chickens fed feed containing
BSFL showed significant differences compared to the
control, except for shell thickness, cholesterol content,
stearic acid, MUFA, and PUFA. The inclusion of BSFL in
laying hen feed has been shown to increase the values of
HU, egg yolk color score, Lauric Acid (in egg yolk),
Myristic Acid (in egg yolk), Palmitic Acid (in egg yolk),
and SFA.
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Fig. 5: Funnel plot effect of BSFL inclusion on production
performance and egg quality.

The HU value is an indicator of egg freshness, in this
meta-analysis, it ranges from 77-95.29, which is higher
than the control range of 75.6 to 92.44. These HU values
fall within the United States Department of Agriculture
Standards for egg quality (USDA 2000): AA quality eggs
have an HU value above 72, A quality eggs range from 60
to 72, B quality eggs range from 31 to 60, and C quality
eggs value below 31. A higher HU value indicates better
egg quality due to increased albumen quality (Selim et
al. 2018), and freshness (Maurer et al. 2016).

The egg yolk color score of chickens fed BSFL was also
higher compared to the control, attributed to the chitin content
in BSFL. Larval chitin is 33.7% according to (Maurer et
al. 2016). Chitin and chitosan derived from BSFL, are
widely used in various applications such as preservatives,
heavy metal waste adsorbents, and dye adsorbents (Nafisah
et al. 2019). It has been reported that chitin can bind
pigments like Beta-carotene, a carotenoid responsible for
egg coloration (Yunitasari et al. 2023). Beta-carotene is
commonly sourced from yellow corn in poultry feed.

In previous research, it was reported that eggshell
thickness increased with increasing levels of BSFL in feed
(Maurer et al. 2016). Similar results have also been
reported in Beski et al. (2015) and Mawaddah et al. (2018)
research on quail eggs during the laying period. This effect
is attributed to chitin’s ability BSFL to absorb heavy
metals, including mineral phosphorus and calcium, which
play an important role in eggshell thickness formation. It
was further explained by Beski et al. (2015), dan
Wardhana (2017) and Mawaddah et al. (2018). BSFL also
contains 0.6-0.63% phosphorus and 4.18-5.1% calcium.

The lipid profile analysis from this meta-analysis
indicates that egg yolks from hens fed BSFL-based feed are
richer in SFA, including lauric (LAU), myristic (MYR),
and palmitic (PAL) acids compared to those from the
control group. This highlights the influence of BSFL lipid
composition on egg lipid profile. This is in-line with the
research by Bejaei & Cheng (2020), who substituted
soybean meal with non-defatted BSFL meal in laying hen

Int J Vet Sci, 2024, x(X): XXX.

diets, resulting in increased proportion of MUFA and SFA
compared to controls.

BSFL are known to contain higher total fat content
compared to MBM. Several references state that fat
collaborates with chitin and protein to increase LAU,
MYR, and PAL which are classified as SFA. Numerous
investigations have revealed that the growing medium’s
composition affects the lipid content of BSF larvae
(Liberati et al. 2009; Al-Qazzaz et al. 2016; Ardiansyah et
al. 2021; Wahyuni & Fadhlil 2022; Suryati et al. 2023), but
lauric acid will always be dominated on lipid content
(Wardhana 2017; Ewald et al. 2020; Kim et al. 2021).

Several other references also reveal that BSF oil has a
high LAU content and its quality is equal to palm kernel oil
and coconut oil. A lot of coconut oil’s medical advantages
are linked to LAU (Sprangers et al. 2017; Muller et
al. 2019; Alfian et al. 2023). LAU has been reported to
have antibacterial (Kabara et al. 1972), antiviral (Thormar
et al. 1987), antifungal (Park et al. 2014; Akula et al.,
2021), and anticancer activities (Lappano et al. 2017).
Further explained by Ghorbannezhad et al. (2022) and
Alfian et al. (2023) stated that among its many health
advantages is that lauric acid acts as an antiviral,
antiprotozoal, and antibacterial. It can lyse the viral
membranes, impairing immunity and rendering viruses
inactive. LAU in eggs may have a positive impact on the
health of humans who consume them (Suryati et al. 2023).

Conclusions

Using BSFL as a protein source in laying hen feed does
not negatively impact production performance; rather, it
either maintains performance or demonstrates positive
effects. Furthermore, BSFL supplementation positively
influences the physicochemical quality of eggs. Sub-group
analysis based on larvae form indicated that non-defatted
BSFL resulted in the best FCR. Meta-regression analysis
identified 12% as the optimal level of BSFL inclusion in
laying hen diets for maximizing production outcomes.

Acknowledgment

This research was financially supported by the Center
for Education Financing Services-Puslapdik and the
Indonesia Endowment Fund for Education Agency-LPDP
of the Republic of Indonesia, under the BPI scheme.

Conflict of interest
All authors declare that there is no conflict of interest.

Author’s contribution

Conceptualization: W, NU, AJ, and IIA; data
collection: W; Data analysis, investigation, methodology,
validation, data curation: W and MR; writing-original
draft, review, and editing: W, AJ, NU.

REFERENCES

Akula S, Nagaraja A, Ravikanth M, Kumar N, Kalyan Y and
Divya D, 2021. Antifungal efficacy of lauric acid and
caprylic acid derivatives of virgin coconut oil against
Candida albicans. Biomedical and Biotechnology 6(1): 229—
234. https://doi.org/10.4103/bbrj.bbrj

Al-Qazzaz MFA, Ismail D, Akit H and Idris LH, 2016. Effect of
using insect larvae meal as a complete protein source on
quality and productivity characteristics of laying hens.



https://doi.org/10.4103/bbrj.bbrj

Revista Brasileira de Zootecnia 45(9): 518-523.
https://doi.org/10.1590/S1806-92902016000900003

Alfian M, Sumiati and Suryati T, 2023. The using of larvae Black
Soldier Fly Hermetia illucens as a substitute for soybean
meal for the production of functional eggs high in lauric acid.
Livestock Research for Rural Development 35(12): 1-7.

Ardiansyah F, Susanto E and Wahyuni, 2021. Use of Water
Hyacinth and Fermented Fruit Waste as BSF (Black Soldier
Fly) Media on The Quality of BSF Maggot Flour. Jurnal
llmu Produksi Dan Teknologi Hasil Peternakan 9(1): 1-6.
https://doi.org/10.29244/jipthp.9.1.1-6

Bejaei M and Cheng KM, 2020. The effect of including full-fat
dried black soldier fly larvae in laying hen diet on egg quality
and sensory characteristics. Journal of Insects as Food and
Feed 6(3): 305-314. https://doi.org/10.3920/JIFF2019.0045

Beski SSM, Swick RA and lji PA, 2015. Specialized protein products
in broiler chicken nutrition: A review. Animal Nutrition 1(2):
47-53. https://doi.org/10.1016/j.aninu.2015. 05.005

Choi SU, Choi IH and Chung TH, 2021. Investigation of breast
meat traits of broilers fed different amounts of Hermetia
illucens and Protaetia brevitarsis seulensis powder.
Entomological Research 51(7): 343-348. https://doi.org/10.
1111/1748-5967.12504

Cullere M, Tasoniero G, Giaccone V, Acuti G, Marangon A and
Dalle Zotte A, 2018. Black soldier fly as dietary protein
source for broiler quails: Meat proximate composition, fatty
acid and amino acid profile, oxidative status and sensory
traits. Animal 12(3): 640-647. https://doi.org/10.1017/
S$1751731117001860

DerSimonian R and Laird N, 1986. Meta-analysis in clinical
trials.  Controlled Clinical Trials 7(3): 177-188.
https://doi.org/10.1016/0197-2456(86)90046-2

Dhewanto W, Lestari YD, Herliana S and Lawiyah N, 2018.
Analysis of the business model of Waste Bank in Indonesia:
A preliminary study. International Journal of Business 23(1):
73-88.

Dortmans B, 2015. Valorisation of Organic Waste-Effect of the
Feeding Regime on Process Parameters in a. Examensarbete
(Institutionen For Energi Och Teknik, SLU), 2015: 06

Ewald N, Vidakovic A, Langeland M, Kiessling A, Sampels S,
and Lalander C, 2020. Fatty acid composition of black
soldier fly larvae (Hermetia illucens) — Possibilities and
limitations for modification through diet. Waste
Management 102 40-47. https://doi.org/10.1016/j.wasman.
2019.10.014

Fitriana EL, Laconi EB, Astuti DA and Jayanegara A, 2022.
Effects of various organic substrates on growth performance
and nutrient composition of black soldier fly larvae: A meta-
analysis. Bioresource Technology Reports Journal 18(1):
101061. https://doi.org/10.1016/j.biteb.2022.101061

Garcia RA, Rosentrater KA and Flores RA, 2006. Characteristics
of North American Meat and Bone Meal Relevant To the
Development of Non-Feed Applications. Applied
Engineering in Agriculture 22(5): 729-736. https://doi.org/
10.13031/2013.21989

Garcia SN, Mlambo V, Mnisi C, Lallo CH and Bridgemohan P,
2016. A comparative analysis of the potential protein value
of some agro-industrial by-products for ruminant animals.
Tropical Agriculture 93(3): 185-196. https://doi.org/0041-
3216/2016/030185-12

Gariglio M, Dabbou S, Gai F, Trocino A, Xiccato G, Holodova
M, Gresakova L, Nery J, Bellezza Oddon S, Biasato I, Gasco
L and Schiavone A, 2021. Black soldier fly larva in Muscovy
duck diets: effects on duck growth, carcass property and
meat quality. Poultry Science 100(9): 101303. https://doi.org
/10.1016/j.psj.2021.101303

Ghorbannezhad G, Derakhshan AR and Daneshfard B, 2022.
Potential Therapeutic Effects of Virgin Coconut Oil on
COVID-19. Tanaffos 21(4): 405-407.

Grau MGP, Dortmans BMA, Egger J, Virard G and Zurbriigg C,

Int J Vet Sci, 2024, x(X): XXX.

2023. Modelling the financial viability of centralised and
decentralised black soldier fly larvae waste processing units
in Surabaya, Indonesia. Journal of Insects as Food and Feed
9(3): 303-316. https://doi.org/10.3920/JIFF2022.0012

Heuel M, Kreuzer M, Sandrock C, Leiber F, Mathys A, Gold M,
Zurbriigg C, Gangnat IDM and Terranova M, 2021la.
Transfer of Lauric and Myristic Acid from Black Soldier Fly
Larval Lipids to Egg Yolk Lipids of Hens Is Low. Lipids
56(4): 423-435. https://doi.org/10.1002/lipd.12304

Heuel M, Sandrock C, Leiber F, Mathys A, Gold M, Zurbriigg C,
Gangnat IDM, Kreuzer M and Terranova M, 2021b. Black
soldier fly larvae meal and fat can completely replace
soybean cake and oil in diets for laying hens. Poultry Science
100(4): https://doi.org/10.1016/j.psj.2021.101034

Heuel M, Kreuzer M, Sandrock C, Leiber F, Mathys A,
Guggenbiihl B, Gangnat IDM and Terranova M, 2022.
Feeding value of black soldier fly larvae compared to
soybean in methionine and lysine-deficient laying hen diets.
Journal of Insects as Food and Feed 8(9): 989-999.
https://doi.org/10.3920/JIFF2021.0178

Irawan AC, Astuti DA, Wibawan IWT, & Hermana W, 2019.
Impact of the Feeding with the Black Soldier Fly (Hermetia
Illucens) on Egg Physical Quality, Egg Chemical Quality
and Lipid Metabolism of Laying Hens. Journal of Physics:
Conference Series 1351(1): https://doi.org/10.1088/1742-
6596/1351/1/012081

Jayanegara A, Novandri B, Yantina N and Ridla M. 2017. Use of
black soldier fly larvae (Hermetia illucens) to substitute
soybean meal in ruminant diet: An in vitro rumen
fermentation study. Veterinary World 10(12): 1439-1446.
https://doi.org/10.14202/vetworld.2017.1439-1446

Johnson D and Fisher H, 1956. the Amino Acid Requirement of
Laying Hens. The British Journal of Nutrition 12(3): 275-
282. https://doi.org/10.1079/bjn19580039

Kabara JJ, Swieczkowski DM, Conley AJ and Truant JP. 1972.
Fatty acids and derivatives as antimicrobial agents.
Antimicrobial Agents and Chemotherapy 2(1): 23-28.
https://doi.org/10.1128/AAC.2.1.23

Kim CH, Ryu J, Lee J, Ko K, Lee J, Park KY and Chung H, 2021.
Use of Black Soldier Fly Larvae for Food Waste Treatment
and Energy Production in Asian Countries: A Review.
Processes 9(1): 161. https://doi.org/10.3390/pr9010161

Kurnia Citra V, Hermana W and Mutia R, 2019. Digestive Organs
and Status of Escherichia coli in Quail Intestine Given
Defatted Maggot (Hermetia illucens) Meal as a Substitute
For Meat Bone Meal. Jurnal llmu Pertanian Indonesia 24(3):
237-246. https://doi.org/10.18343/jipi.24.3.237

Lappano R, Sebastiani A, Cirillo F, Rigiracciolo DC, Galli GR,
Curcio R, Malaguarnera R, Belfiore A, Cappello AR and
Maggiolini M, 2017. The lauric acid-activated signaling
prompts apoptosis in cancer cells. Cell Death Discovery
3(1): 1-9. https://doi.org/10.1038/cddiscovery.2017.63

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC,
loannidis JPA, Clarke M, Devereaux PJ, Kleijnen J and
Moher D, 2009. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that
evaluate healthcare interventions: explanation and
elaboration. BMJ (Clinical Research Ed.) 339 https://doi.org
/10.1136/bmj.b2700

Liu T, Awasthi MK, Awasthi SK and Duan Y, 2020. Effects of
black soldier fly larvae (Diptera: Stratiomyidae) on food
waste and sewage sludge composting. Journal of
Environmental Management 256(20): 109967.
https://doi.org/10.1016/j.jenvman.2019.109967

Lokaewmanee K, Suttibak S, Sukthanapirat R, Sriyoha R,
Chanasakhatana N, Baotong S and Trithalen U, 2023. Laying
hen performance, feed economy, egg quality and yolk fatty
acid profiles from laying hens fed live black soldier fly
larvae. Czech Journal of Animal Science 68(4): 169-177.
https://doi.org/10.17221/174/2022-CJAS



https://doi.org/10.1590/S1806-92902016000900003
https://doi.org/10.29244/jipthp.9.1.1-6
https://doi.org/10.3920/JIFF2019.0045
https://doi.org/10.1016/j.aninu.2015.%2005.005
https://doi.org/10.%201111/1748-5967.12504
https://doi.org/10.%201111/1748-5967.12504
https://doi.org/10.1017/%20S1751731117001860
https://doi.org/10.1017/%20S1751731117001860
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1016/j.wasman.%202019.10.014
https://doi.org/10.1016/j.wasman.%202019.10.014
https://doi.org/10.1016/j.biteb.2022.101061
https://doi.org/%2010.13031/2013.21989
https://doi.org/%2010.13031/2013.21989
https://doi.org/0041-3216/2016/030185-12
https://doi.org/0041-3216/2016/030185-12
https://doi.org/10.3920/JIFF2022.0012
https://doi.org/10.1002/lipd.12304
https://doi.org/10.1016/j.psj.2021.101034
https://doi.org/10.3920/JIFF2021.0178
https://doi.org/10.1088/1742-6596/1351/1/012081
https://doi.org/10.1088/1742-6596/1351/1/012081
https://doi.org/10.14202/vetworld.2017.1439-1446
https://doi.org/10.1079/bjn19580039
https://doi.org/10.1128/AAC.2.1.23
https://doi.org/10.3390/pr9010161
https://doi.org/10.18343/jipi.24.3.237
https://doi.org/10.1038/cddiscovery.2017.63
https://doi.org/10.1016/j.jenvman.2019.109967
https://doi.org/10.17221/174/2022-CJAS

Maurer V, Holinger M, Amsler Z, Frith B, Wohlfahrt J, Stamer A
and Leiber F, 2016. Replacement of soybean cake by
Hermetia illucens meal in diets for layers. Journal of Insects
as Food and Feed 2(2): 83-90. https://doi.org/10.3920/
jiff2015.0071

Mawaddah S, Hermana W and Nahrowi N, 2018. Pengaruh
Pemberian Tepung Deffated Larva BSF (Hermetia illucens)
terhadap Performa Produksi Puyuh Petelur (Coturnix
coturnix japonica). Jurnal llmu Nutrisi Dan Teknologi Pakan
16(3): 47. https://doi.org/10.29244/jintp.16.3.47-51

Ministry of National Development Planning Republic of
Indonesia, 2021. Study Report Food Loss and Waste in
Indonesia Supporting the Implementation and Low Carbon
Development. Ministry of National Development Planning/
BAPPENAS ID

Ministry of the Environment and Forestry, 2013. Book: Profile of
Indonesian Waste Bank. Assistant Deputy for Waste
Management.

Muller A, Wiedmer S and Kurth M, 2019. Risk Evaluation of
Passive Transmission of Animal Parasites by Feeding of
Black Soldier Fly (Hermetia illucens) Larvae and Prepupae.
Journal of Food Protection https://doi.org/10.4315/0362-
028X.JFP-18-484

Mwaniki Z, 2019. Complete replacement of soybean meal with
defatted black soldier fly larva meal (BSFLM) in laying hen
feeding programs: impact on egg production and quality. In
University of Guelph: A Thesis

Mwaniki Z, Neijat M and Kiarie E, 2018. Egg production and
quality responses of adding up to 7.5% defatted black soldier
fly larvae meal in a corn-soybean meal diet fed to Shaver
White Leghorns from wk 19 to 27 of age. Poultry Science
97(8): 2829-2835. https://doi.org/10.3382/ps/pey118

Mwaniki Z, Shoveller AK, Huber LA and Kiarie EG, 2020.
Complete replacement of soybean meal with defatted black
soldier fly larvae meal in Shaver White hens feeding
program (28-43 wks of age): impact on egg production, egg
quality, organ weight, and apparent retention of components.
Poultry Science 99(2): 959-965. https://doi.org/10.1016/].
psj.2019.10.032

Nafisah A, Nahrowi, Mutia R and Jayanegara A, 2019. Chemical
composition, chitin and cell wall nitrogen content of Black
Soldier Fly (Hermetia illucens) larvae after physical and
biological treatment. 0P Conference Series: Materials
Science and Engineering 546(4): https://doi.org/10.1088/
1757-899X/546/4/042028

Nassar FS, Alsahlawi AM, Abbas AO, Alagil AA, Kamel NN and
Abdelwahab AM, 2023. Impact of Dietary Inclusion of
Black Soldier Fly Larvae (Hermetia illucens) as a
Replacement for Soybean-Corn Ingredients on Egg
Production, Physiological Status, and Economic Efficiency
of Laying Hens. Advances in Animal and Veterinary
Sciences 11(2): 295-304. https://doi.org/10.17582/journal.
aavs/2023/11.2.295.304

Palupi E, Jayanegara A, Ploeger A and Kahl J, 2012. Comparison
of nutritional quality between conventional and organic
dairy products: A meta-analysis. Journal of the Science of
Food and Agriculture 92(14): 2774-2781. https://doi.org/10
.1002/jsfa.5639

Park BS, Um KH, Choi WK and Park SO, 2017. Einfluss des
Einsatzes des Mehls von Larven der Schwarzen
Soldatenfliege im Futter auf Legeleistung, Eiqualitt,
Blutparameter und Bakterienflora im Kot von Legehennen.
European Poultry Science 81 1-12. https://doi.org/10.1399/
€ps.2017.202

Park S, Kim H, Baek Y, Ryu C, Ji S, Jeong J, Kim M, Jung H and
Kim B, 2021. Effects of Dietary Inclusion Level of
Microwave-Dried and Profile , and Egg Quality in Laying
Hens. Animals 11 1486.

Park SI, Chang BS and Yoe SM, 2014. Detection of antimicrobial
substances from larvae of the black soldier fly, Hermetia
illucens (Diptera: Stratiomyidae). Entomological Research

Int J Vet Sci, 2024, x(X): XXX.

44(2): 58-64. https://doi.org/10.1111/1748-5967.12050

Patterson PH, Acar N, Ferguson AD, Trimble LD, Sciubba HB,
& Koutsos EA. 2021. The impact of dietary Black Soldier
Fly larvae oil and meal on laying hen performance and egg
quality.  Poultry  Science 100(8): 101272.
https://doi.org/10.1016/j.psj.2021.101272

Secci G, Bovera F, Nizza S, Baronti N, Gasco L, Conte G, Serra
A, Bonelli A and Parisi G, 2018. Quality of eggs from
Lohmann Brown Classic laying hens fed black soldier fly
meal as substitute for soya bean. Animal 12(10): 1-7.
https://doi.org/10.1017/S1751731117003603

Secci G, Bovera F, Nizza S, Baronti N, Gasco L, Conte G, Serra
A, Bonelli A and Parisi G, 2019. Corrigendum: Quality of
eggs from Lohmann Brown Classic laying hens fed black
soldier fly meal as substitute for soya bean. Animal 13(9):
2110. https://doi.org/10.1017/S1751731119000740

Selim S, Hussein E and Abou-Elkhair R, 2018. Einfluss von
Spirulina platensis als futterzusatzstoff auf die legeleistung,
die eiqualitat und den leberschutz von legehennen. European
Poultry Science 82(1): 1-13. https://doi.org/10.1399/eps.
2018.227

Smets R, Verbinnen B, Voorde | Van De, Aerts G, Claes J and
Borght M Van Der, 2020. Sequential extraction and
characterisation of lipids, proteins, and chitin from black
soldier fly (Hermetia illucens) larvae, prepupae and pupae.
Waste and Biomass Valorization https://doi.org/10.1007/
512649-019-00924-2

Sprangers T, Ottoboni M, Klootwijk C, Ovyn A, Deboosere S,
Meulenaer B De, Michiels J, Eeckhout M, Clercq P De and
Smet S De, 2017. Nutritional composition of black soldier fly
(Hermetia illucens) prepupae reared on different organic waste
substrates. Journal of the Science of Food and Agriculture 97:
2594-2600. https://doi.org/10.1002/jsfa. 8081

Star L, Arsiwalla T, Molist F, Leushuis R, Dalim M and Paul A,
2020. Gradual provision of live black soldier fly (Hermetia
illucens) larvae to older laying hens: Effect on production
performance, egg quality, feather condition and behavior.
Animals 10(2): https://doi.org/10.3390/ani10020216

Suryati T, Julaeha E, Farabi K, Ambarsari H and Hidayat AT,
2023. Lauric Acid from the Black Soldier Fly (Hermetia
illucens) and Its Potential Applications. Sustainability
(Switzerland)  15(13): 1-28. https://doi.org/10.3390/
su151310383

Thormar H, Isaacs CE, Brown HR, Barshatzky MR and Pessolano
T, 1987. Inactivation of enveloped viruses and killing of cells
by fatty acids and monoglycerides. Antimicrobial Agents
and Chemotherapy 31(1): 27-31. https://doi.org/10.1128/
AAC.31.1.27

USDA, 2000. Egg-Grading Manual. Agricultural Handbook 75
12.

Wahyuni and Fadhlil RC, 2022. Effectiveness of Water Hyacinth
Bioconversion and Fermented Fruit Waste as a Growing
Media Larvae of Hermetia illucens. Jurnal llmu Produksi
Dan Teknologi Hasil Peternakan 10(2): 57-61.
https://doi.org/10.29244/jipthp.10.2.57-61

Wallace BC, Lajeunesse MJ, Dietz G, Dahabreh 1J, Trikalinos
TA, Schmid CH and Gurevitch J, 2017. OpenMEE: Intuitive,
open-source software for meta-analysis in ecology and
evolutionary biology. Methods in Ecology and Evolution
8(8): 941-947. https://doi.org/10.1111/2041-210X.12708

Wardhana AH, 2017. Black Soldier Fly (Hermetia illucens) as an
Alternative Protein Source for Animal Feed. Indonesian
Bulletin of Animal and Veterinary Sciences 26(2): 069.
https://doi.org/10.14334/wartazoa.v26i2.1327

Yunitasari F, Jayanegara A and Ulupi N, 2023. Performance, Egg
Quality, and Immunity of Laying Hens due to Natural
Carotenoid Supplementation: A Meta-Analysis. Food
Science of Animal Resources 43(2): 282-304.
https://doi.org/10.5851/kosfa.2021.e76

Zhao J, Kawasaki K, Miyawaki H, Hirayasu H, Izumo A, Iwase
S ichiro and Kasai K, 2022. Egg quality and laying



https://doi.org/10.3920/%20jiff2015.0071
https://doi.org/10.3920/%20jiff2015.0071
https://doi.org/10.29244/jintp.16.3.47-51
https://doi.org/10.4315/0362-028X.JFP-18-484
https://doi.org/10.4315/0362-028X.JFP-18-484
https://doi.org/10.3382/ps/pey118
https://doi.org/10.1016/j.%20psj.2019.10.032
https://doi.org/10.1016/j.%20psj.2019.10.032
https://doi.org/10.1088/%201757-899X/546/4/042028
https://doi.org/10.1088/%201757-899X/546/4/042028
https://doi.org/10.17582/journal.%20aavs/2023/11.2.295.304
https://doi.org/10.17582/journal.%20aavs/2023/11.2.295.304
https://doi.org/10%20.1002/jsfa.5639
https://doi.org/10%20.1002/jsfa.5639
https://doi.org/10.1399/%20eps.2017.202
https://doi.org/10.1399/%20eps.2017.202
https://doi.org/10.1111/1748-5967.12050
https://doi.org/10.1017/S1751731117003603
https://doi.org/10.1017/S1751731119000740
https://doi.org/10.1399/eps.%202018.227
https://doi.org/10.1399/eps.%202018.227
https://doi.org/10.1007/%20s12649-019-00924-2
https://doi.org/10.1007/%20s12649-019-00924-2
https://doi.org/10.1002/jsfa.%208081
https://doi.org/10.3390/ani10020216
https://doi.org/10.3390/%20su151310383
https://doi.org/10.3390/%20su151310383
https://doi.org/10.1128/%20AAC.31.1.27
https://doi.org/10.1128/%20AAC.31.1.27
https://doi.org/10.29244/jipthp.10.2.57-61
https://doi.org/10.1111/2041-210X.12708
https://doi.org/10.14334/wartazoa.v26i2.1327
https://doi.org/10.5851/kosfa.2021.e76

performance of Julia laying hens fed with black soldier fly
(Hermetia illucens) larvae meal as a long-term substitute for
fish meal. Poultry Science 101(8): 101986. https://doi.org/
10.1016/].psj.2022.101986

Int J Vet Sci, 2024, x(X): XXX.

Zulkifli S, Jayanegara A, Pramudya B, Fahmi MR and Rahmadani
M, 2023. Alleviation of Selected Environmental Waste
through Biodegradation by Black Soldier Fly (Hermetia
illucens) Larvae: A Meta-Analysis. Recycling 8(6):
https://doi.org/10.3390/recycling8060083



https://doi.org/%2010.1016/j.psj.2022.101986
https://doi.org/%2010.1016/j.psj.2022.101986
https://doi.org/10.3390/recycling8060083

