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ABSTRACT

This study aimed to characterize the combination of probiotics (Bacillus subtilis and Bacillus licheniformis) and Black
Soldier Fly Larvae (BSFL) as a potential supplement for late-phase laying hens through antimicrobial, protease, and
lipase activity tests. The research used a completely randomized design with three treatments (T1=1 Pro: 1 BSFL, T2=1
Pro: 2 BSFL, and T3=2 Pro: 1 BSFL) and six replications. The ratio of T3 (2 Pro: 1 BSFL) showed significant sensitivity
against S. aureus (P<0.05) but showed no significant difference against E. coli and S. typhimurium. Additionally, the
highest lipase activity was significantly (P<0.05) found in T3. In contrast, the T2 ratio (1 Pro: 2 BSFL) resulted in
significantly (P<0.05) highest protease activity compared to the other combinations. This finding suggest that the T2 (1
Pro: 2 BSFL) can improve productivity in late-phase laying hens through enzyme stability, especially protease.
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INTRODUCTION

In accordance with the egg-laying cycle, egg
production begins to decline slowly after reaching the peak
phase. The production of late-phase laying hens has
decreased due to the degradation of physiological system
functions, especially in the reproductive and digestive
tracts. Maintaining production in late-phase laying hens is
important to reduce replacement costs, especially in small-
scale farmers. Egg productivity depends on nutrient
absorption in the small intestine, which is influenced by the
gut microbiota. The gut microbiota not only aids in nutrient
absorption but also enhances immunity and prevents
colonization by harmful pathogens, making it a key factor
in maintaining productivity (Ricke et al. 2022). In addition,
reproductive health in late-phase laying hens declines due
to the oviduct and reproductive tract infections, which not
only reduce egg production but also affect egg quality (Yan
et al. 2019). One of the efforts to maintain the integrity and

function of cells is by providing high protein as a feed
supplement. Protein plays a role in cell regeneration, body
tissue formation, egg formation, and vital metabolic
processes such as enzymes, hormones and antibodies
(Beski et al. 2015). This high-protein supplementation can
be BSFL.

BSFL or Hermetia illucens have attracted attention as
a source of protein for livestock feed, including laying
hens. BSFL has a 40-50% protein content, making BSFL
a good choice in fulfilling protein needs. Research has
indicated that incorporating various forms of BSFL, such
as defatted larvae (Mwaniki et al. 2018), full-fatted larvae
(Chu et al. 2020), dried larvae (Liu et al. 2020), and live
larvae (Tahamtani et al. 2020) into feed has the potential
to enhance both the productivity and egg quality in laying
hens. In addition, BSFL is rich in fat, vitamins and
minerals essential for livestock productivity (Spranghers et
al. 2017; Nekrasov et al. 2019; Shumo et al. 2019). BSFL
does not contain pathogenic factors. BSFL produces active
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peptides that are safe to use as supplements for laying hens.
These peptides are classified as Antimicrobial Peptides
(AMPs) and possess antimicrobial characteristics. In
addition to AMPs, the antimicrobial properties of BSFL also
come from its saturated fatty acid content, especially lauric
acid (Harlystiarini et al. 2019). BSFL also has a significant
potential for lipase and protease activity that affects
livestock digestion. Feed substrates and environmental
conditions significantly influence enzyme activity. BSFL is
advantageous for late-phase laying hens experiencing a
decline in productivity. It can provide nutritional support to
maintain egg quality, body health and production.

The use of BSFL as a feed supplement, especially for
late-phase laying hens is still limited. Supplementation of
BSFL individually to laying hens has disadvantages
because it can reduce digestibility and palatability due to the
high-fat content in BSFL (Kroeckel et al. 2012). This will
affect fat levels in eggs and blood. Adding probiotics like B.
subtilis and B. licheniformis can minimize these deficiencies
by helping to increase digestibility and nutrient absorption.
Both bacteria secrete lipase enzymes that can degrade fat so
that fat levels in the blood and eggs will decrease.

Probiotics have long been recognized as essential for
preserving intestinal health and enhancing feed digestion in
chickens. Probiotics are living microorganisms that confer
health benefits upon consumption in adequate amounts
(Hill et al. 2014; Phupaboon et al. 2024). Probiotics like B.
subtilis and B. licheniformis produce lipase, protease
enzymes, and antimicrobial compounds. Supplementing
laying hens with a combination of B. subtilis and B.
licheniformis aims to improve the balance of intestinal
microflora, which can improve digestive health, egg
quality, and the efficiency of nutrients (Kumalasari et al.
2023). Probiotics can inhibit pathogenic bacteria and
support the growth of beneficial bacteria in the chicken
intestine, thereby expanding the surface of the intestinal
villi and increasing the number of goblet cells, ultimately
improving nutrient absorption (Adriani et al. 2019; Feng
and Liu 2022). In addition, probiotics help regulate the
immune system, produce antimicrobial compounds,
prevent pathogens from adhering to the intestinal wall, and
compete with pathogenic bacteria (Ahasan et al. 2015;
Adriani et al. 2023; Usman et al. 2024).

BSFL and probiotics have similar properties, increasing
productivity and suppressing the activity of pathogenic
bacteria. Supplementation of high protein (16-17%) and
probiotics combination can strengthen the humoral response,
contributing to increased resistance to infection and
production (Anwar et al. 2012; Anwar et al. 2015). The
combination of probiotics and BSFL has potential due to
their different but complementary mechanisms of action,
making them more effective than using individually. This
study aimed to characterize the combination of BSFL and
probiotics to supplement late-phase laying hens through
antimicrobial, protease and lipase activity assays. This study
is the initial step before applying a combination of probiotics
and BSFL in feeding trials of late-phase laying hens.

MATERIALS AND METHODS
Ethical approval

This study did not require ethical approval since it did
not involve animals.
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Probiotic preparation

This study used B. subtilis ATCC 19659 and B.
licheniformis ATCC 12759, obtained from IPB Culture
Collection, Institut Pertanian Bogor University, Indonesia.
Each bacterium was incubated in Nutrient Broth at 37°C
for 24h. The two inoculants were mixed in a 1:1 ratio and
re-incubated in fresh Nutrient Broth at 37°C for 24h.

BSFL preparation

BSFL was grown using fermented coconut dregs (F-
CD) and fish waste (FW) substrates for 14 days. The
nutritional content of BSFL in this study was dry matter
(33.31%), crude protein (44.54%), ether extract (14.27%),
and crude fiber (5.32%). BSFL were extracted by soaking
the larvae in the sterile phosphate-buffered saline (PBS)
pH 7.3 for 1h at room temperature (25°C) in the dark
(Anjarwati et al. 2019). The mixture was centrifuged at
25°C, 10.000rpm for 15min. The supernatant was
collected and sterilized using the syringe filters PTFE
0.22pum.

Experimental design

The research was conducted from May to August 2024
at the Biotechnology Research and Testing Laboratory,
Faculty of Animal Husbandry, Universitas Padjadjaran,
Indonesia. The combination of probiotics (Pro) and BSFL
was carried out by incubating according to the treatment.
The experiment focuses on determining the BSFL and
probiotic ratio combination through antimicrobial, lipase,
and protease activities. This study used an experimental
design with a completely randomized design with three
treatments and six replications. The treatments include
(T1)=1Pro: 1 BSFL, (T2)=1 Pro: 2 BSFL, and (T3)=2 Pro:
1 BSFL.

Table 1: Enzyme and antimicrobial activities on BSFL and
Probiotic

Items BSFL Probiotics
Enzyme activities

Protease activity (U/mL) 1.48 121
Lipase activity (U/mL) 0.750 1.33
Antimicrobials Activities

E. coli (mm?) 241.22 6.97

S. typhimurium (mm?) 188.10 26.41

S. aureus (mm?) 144.10 87.81

BSFL with crude protein 44.54% and extract ether 14.27%;
Probiotics are combination of 1 B. subtilis : 1 B. licheniformis.

Antimicrobial activity test

The antimicrobial activity test was performed using
the agar well diffusion method (Atipairin et al. 2022). The
test involved the Pro-BSFL mixture and pathogenic
bacteria, including Gram- negative strains (Escherichia
coli ATCC 25922 and Salmonella typhimurium ATCC
14028) and a Gram-positive strain (Staphylococcus aureus
ATCC 29213), chlorampenicol 500ppm was used as the
positive control. Samples were added to test tubes
containing physiological saline solution and thoroughly
mixed using a vortex. The saline solution or bacterial
culture was adjusted to achieve the same turbidity as the
0.5 McFarland standard. Once the bacterial suspension
matched the turbidity of the McFarland 0.5 standard, 40uL
of the sample was introduced into wells on Nutrient Agar
plates inoculated with the pathogen bacteria. The plates



were incubated at 37°C for 8h. The inhibition zones around
the wells indicated bacterial growth inhibition, measured
using callipers (Wulandari et al. 2024).

Determination of protease activity

Protease activity was assessed using an enzymatic
method, following Bergmeyer et al. (1983). For each
treatment, 42uL of supernatant was combined with 42uL
of distilled water and 42uL of Tris-HCI buffer in a
microtube. The mixture was incubated at 37°C for 30min.
Subsequently, 84uL of TCA (Sigma-Aldrich, USA), 1mL
of a solution containing a 50:1 ratio of NaCOs; to
CuS04-5H,0, and 270uL of Folin-Ciocalteu reagent
(Merck) were added. The resulting solution was
centrifuged (Sigma 1-16K, Sigma-Aldrich, Osterode am
Harz, Germany) at 13,000rpm and 4°C for 10min.
Absorbance was recorded at 540nm using a
spectrophotometer  (Agilent Cary 60  UV-Vis
Spectrophotometer, USA). A blank was prepared in the
same manner as the sample, except the 42uL of sample was
replaced with 42pL of distilled water. Tyrosine solution
(5mM; Sigma-Aldrich, USA) was the standard, with a 500—
6000umol calibration range. One unit of protease activity
was defined as the enzyme amount required to produce one
pmol of tyrosine per minute under the assay conditions.

Determination of lipase activity

Lipase activity was assessed using a titrimetric
method. The supernatant from each treatment was obtained
by centrifugation at 6000rpm for 3min. One mL of
supernatant from each treatment was mixed with 2g of
palm cooking oil and 4mL of 0.05M phosphate buffer
solution in an Erlenmeyer flask. This mixture was then
homogenized with a magnetic stirrer for 60min. Next,
10mL of an acetone solution (1:1) was added and stirred
until homogeneous. A 1% phenolphthalein indicator, 2-3
drops, was added. Titration was performed using a 0.05 N
KOH solution dissolved in alcohol. The titration was
stopped when the solution turned pink, and the color
persisted for 1min, indicating the endpoint. The volume of
KOH used was recorded. The blank solution was prepared
similarly to the sample, except a mixture of acetone and
alcohol (1:1) was added at the start before homogenizing
with a magnetic stirrer for 60min.

Statistical Analysis

Data were statistically analyzed using Analysis of
Variance (ANOVA) and mean comparisons were
performed using Duncan Multiple Range Test with P<0.05
significance level. SPSS software (IBM SPSS Statistic,
USA) version 25 was used to analyze the data.

RESULTS AND DISCUSSION

Antimicrobial activity on combination Pro-BSFL

The data in Table 2 shows that the highest inhibition
zone area of the treatment combination against E. coli
(155.67mm?) and S. aureus (192.26mm?) was found in T3,
and against S. typhimurium (120.38mm?) was found in T2.
While the lowest inhibition zone area against E. coli
(99.74mm?) and S. typhimurium (95.31mm?) was found in
T1, and against S. aureus (122.72mm?) was found in T2.
The data show that the combination treatment had a non-
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significant inhibition zone against E. coli and S.
typhimurium (P>0.05) but was significant against S. aureus
(P<0.05). Although the inhibition zones against E. coli
among treatments were not significantly different, the T3
treatment showed a superior effect. Likewise, T3 showed a
significantly larger inhibition zone against S. aureus
(P<0.05) compared to other treatments. On the other hand,
T2 showed superiority in inhibiting S. typhimurium,
because it contains more BSFL than probiotics. BSFL has
antimicrobial compounds, namely lauric acid and AMPs.

The combined potential of probiotics and BSFL could
significantly improve gut health in late-phase laying hens
by reducing pathogen load, which increases the risk of age-
related diseases. According to Wang et al. (2020), late-
phase laying hens are more susceptible to bacterial
pathogens due to age-related decline in immune function
and physiological stress from prolonged egg production.
The combined use of probiotics and BSFL may provide
broader antimicrobial effects due to their different
mechanisms of action.

Table 2: Inhibition zone of combination Pro-BSFL against

pathogens

Treatments E. coli S. typhimurium S. aureus
(mm?) (mm?) (mm?)

Control (+) 528.62 42252 43352

T1 99.74+11.46a 95.31+13.15a 143.62+2.15a

T2 121.99+£20.58a 120.38+26.34a 122.72+12.98a

T3 155.67+23.84a 109.53+9.29a 192.26+0.58b

P-value 0.20 0.63 0.002

Control (+)=chloramphenicol 500 ppm, T1=1 Pro: 1 BSFL, T2=1
Pro: 2 BSFL, T3=2 Pro: 1 BSFL. Values (mean+SE) with
different alphabets within the same column differ significantly.

BSFL primarily reduces pathogens through digestion
and the production of bioactive compounds. Antimicrobial
peptides in BSFL interact with bacterial cell membranes,
binding to lipids and integrating into the cytoplasmic
membrane, disrupting acid and protein synthesis (Park et
al. 2014; Jozefiak et al. 2016). Additionally, lauric acid in
BSFL exhibits strong antibacterial properties by
destabilizing bacterial membranes and accelerating
hydrogen ion influx, compromising cell integrity.
Probiotics, such as B. subtilis and B. licheniformis,
complement these effects by enhancing gut health through
direct interactions with the immune system and gut
microbiota. These probiotics possess anti-inflammatory
and antioxidant properties, effectively preventing pathogen
adhesion to intestinal epithelial cells (Pezsa et al. 2022;
Oleinikova et al. 2024). Their antimicrobial mechanisms
include disrupting cell wall synthesis, inhibiting protein
synthesis, and interfering with nucleic acid metabolism in
pathogens (Zhen et al. 2019; Yesilyurt et al. 2024).
Probiotics also inhibit pathogenic bacteria by producing
antimicrobial substances, competing for binding sites, and
limiting access to nutrients, thereby preventing
colonization and overgrowth (Wang et al. 2021).
Furthermore, probiotics promote long-term benefits by
supporting gut microbiota balance, contributing to
systemic health.

These findings suggest that combining different
antimicrobial agents, such as probiotics and BSFL, can
potentially enhance their effectiveness against pathogenic
bacteria. This combination could be an innovative



approach to improving poultry gut health by utilizing
synergistic effects that boost beneficial microbiota and
extend the duration of antimicraobial activity.

Protease activity on combination Pro-BSFL

Table 3 shows that protease activity varied among
three treatments, ranging from 1.39 to 1.51U/mL.
Treatment T2 had the highest protease activity (1.51U/mL)
and the lowest T1 (1.39U/mL). The data shows that T2 was
significantly higher (P<0.05) than T1 and T3 (Fig. 1).
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Fig. 1: Protease Activity of Pro-BSFL Combination. Treatments are
(T1) 1 Pro: 1 BSFL, (T2) 1 Pro: 2 BSFL, and (T3) 2 Pro: 1 BSFL.

Fig. 2 shows the synergy in the Pro-BSFL
combination in producing protease activity. Protease
activity increased consistently as the BSFL ratio increased,
with the highest activity achieved at T2 (1 Pro: 2 BSFL).
This indicated that the addition of BSFL predominantly
supported the increase in enzyme activity. This is because
the protease activity of BSFL is individually greater than
that of probiotics. Protease activity in probiotics was
1.21U/mL, while BSFL was 1.48U/mL (Table 1). This
high protease activity was due to the high crude protein
content in BSFL of 44.54%. In accordance with
Choudhury (2023), protease activity is influenced by
several factors, including substrate concentration, where
enzyme activity will increase as the substrate
concentration increases until saturation is reached.

Enzyme Activities
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Fig. 2: Protease and Lipase Activity of Pro-BSFL Combination.
Treatments are (1) BSFL, (2) Probiotic, (3) T1=1 Pro: 1 BSFL,
(4) T2=1 Pro: 2 BSFL, and (5) T3=2 Pro: 1 BSFL.
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T1 (1 Pro: 1 BSFL) and T3 (2 Pro: 1 BSFL) showed
low protease activity of the Pro-BSFL combination
compared to the protease activity of BSFL individually.
The equal ratio in T1 may not support optimal protease
enzyme synthesis. At the same time, too many probiotics
in T3 could lead to an imbalance that interferes with the
efficiency of enzyme action. However, the combination of
Pro-BSFL in protease activity provides more benefits to the
livestock body than individually. Increased protease
activity, such as in T2, can help digest proteins more
efficiently. Proteases catalyze protein hydrolysis,
increasing the availability of amino acids for absorption
(Peddie 2023). When included in diets, BSFL can modulate
intestinal protein metabolism, promoting the expression of
protease-related genes, which may lead to increased
protease activity in the host (Fang et al. 2023). Meanwhile,
probiotics B. subtilis and B. licheniformis in laying hens
can regulate the balance of intestinal microflora, stimulate
the activity of digestive enzymes in the host, and produce
exoenzymes that play a role in protein digestion (Wang and
Ji 2018). Increased protease activity facilitates better
assimilation of nutrients. The combination of Pro-BSFL
can significantly affect overall digestive function more
than when used individually. The synergy effect is likely to
result from the interaction between the exoenzyme activity
of probiotics and potential BSFL gene modulation of
digestive enzymes, which creates intestinal environmental
conditions more conducive to protein degradation. For
example, in the study by Storelli et al. (2018), the
inoculation of the larvae diet with the symbiont L.
plantarum up-regulates the expression of intestinal
protease genes in gnotobiotic Drosophila larvae, thus
increasing the activity of protease in the intestine. Temiraev
et al. (2020) show that a combination of probiotics and
enzyme preparations increased digestive enzyme activity
and nutrient digestibility in growing and laying hens.
Tajudeen et al. (2024) study showed that a multi-protease
supplement can enhance hen-day egg production, egg
mass, and eggshell thickness during peak laying,
improving crude protein and amino acid digestibility.

Lipase activity on combination Pro-BSFL

Table 3 shows that lipase activity varied among three
treatments, ranging from 0.83 to 1.083U/mL. Treatment T3
had the highest lipase activity (1.083U/mL) and the lowest
T2 (0.83U/mL). Statistical analysis showed that lipase
activity in T3 was significantly higher (P<0.05) than in T1
and T2 (Fig. 3).

Table 3: Enzyme activities of combination Pro-BSFL

Treatments Protease Lipase

T1 1.4540.003a 1.00+0.12a
T2 1.51+0.007b 0.833+0.03a
T3 1.3940.007a 1.083+0.00b
P-value 0.00 0.10

T1=1 Pro: 1 BSFL, T2=1 Pro: 2 BSFL, T3=2 Pro: 1 BSFL;
P<0.05; Values (mean+SE) with different alphabets within the
same column differ significantly.

Fig. 3 shows an increasing pattern (increasing trend)
with small fluctuations reflecting the synergy in the Pro-
BSFL combination. Lipase activity increased consistently
as the probiotic ratio increased, with the highest activity



achieved at T3 (2 Pro: 1 BSFL). This was because the
lipase activity of probiotics was higher than that of BSFL,
with probiotics at 1.33U/mL and BSFL at 0.75U/mL (Table
1). In contrast, the twice BSFL ratio at T2 (1 Pro: 2 BSFL)
resulted in the lowest lipase activity. However, all
treatments showed lower lipase activity than Pro
individually. This could be possible because environmental
conditions such as pH or temperature in the combination
treatment may not be optimal for lipase activity, where this
study is not concerned with the optimal pH.

Lipase Activity
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Fig. 3: Lipase Activity of Pro-BSFL Combination. Treatments are
(T1) 1 Pro: 1 BSFL, (T2) 1 Pro: 2 BSFL, and (T3) 2 Pro: 1 BSFL.

However, the combination of Pro-BSFL may have
other benefits, such as increasing enzyme stability or
environmental adaptation. The presence of probiotics, such
as B. subtilis and B. licheniformis, which can form
endospores and are resistant to extreme conditions,
including acidic environments, can protect enzymes from
degradation in the digestive tract (Andriani et al. 2017).
With better stability, lipase can remain active longer,
thereby increasing the effectiveness of lipid digestion. In
addition, in late-phase laying hens, gut integrity, digestive
enzyme activity, and nutrient utilization efficiency
decrease, ultimately decreasing egg quality (Gu et al.
2021). Supplementing the Pro-BSFL combination,
especially at T3, shows potential application in laying hen
diets to improve fat digestion efficiency, positively
impacting growth and performance.

Conclusion

This study showed that the combination of probiotics
and BSFL in various ratios had different effects on
antimicrobial, protease, and lipase activities. T3 (2 Pro: 1
BSFL) had higher antimicrobial and lipase activities, while
T2 (2 Pro: 1 BSFL) excelled in protease activity. The
higher protease activity in T2 could support optimal protein
digestion, which is highly relevant for supporting
performance in late-phase laying hens. T2 (2 Pro: 1
BSFL) is recommended for supplementation tests in late-
phase laying hens based on the balance of enzyme
activities, especially the higher protease activity. Thus,
combining probiotics and BSFL supplementation can
improve the productivity of late-phase laying hens.

Acknowledgment: The authors would like to thank the
Universitas Padjadjaran through Beasiswa Program

Int J Vet Sci, 2025, x(X): XXX.

Doktoral Padjadjaran (BPDP) with research contract
number 2203/UN6.3.1/PT.00/2022 for funding this
research.

Conflict of Interest: The authors declare that the present
study had no conflict of interest.

Author’s Contribution: C.K. designed and performed the
experiments, analyzing data, writing the original paper, and
editing. 1.Y.A. Asmara conceptualization, writing original
paper, and supervision. L.A. and N.N. conceptualization
and supervision. All authors contributed to this manuscript.

REFERENCES

Adriani L, Latipudin D, Balia RL and Widjastuti T, 2019.
Improvement of small intestine morphometry in broiler
chicken using fermented cow and soymilk as probiotic.
International Journal of Pakistan Science 18(6): 255-
259. https://doi.org/10.3923/ijps.2019.255.259

Adriani L, Kumalasari C, Sujana E and Lesmana R, 2023.
Probiotic powder supplementation in haematology and
biochemistry blood late-phase laying hens. Advances in
Animal and Veterinary Sciences 11(3): 364-370.
https://dx.doi.org/10.17582/journal.aavs/2023/11.3.364.370

Ahasan A, Agazzi A, Invernizzi G, Bontempo V and Savoini G,
2015. The beneficial role of probiotics in monogastric animal
nutrition and health. Journal of Dairy, Veterinary & Animal
Research 2: 1-20.
https://doi.org/10.15406/jdvar.2015.02.00041

Andriani Y, Safitri R, Rochima E and Fakhrudin SD, 2017.
Characterization of Bacillus subtilis and B. 263 licheniformis
potentials as probiotic bacteria in Vanamei shrimp feed
(Litopenaeus Vannamei Boone, 264 1931). Nusantara
Bioscience 9(2): 188-193.
https://doi.org/10.13057/nushiosci/n090214

Anjarwati DU, Hidayati R, Kristiantoro D, Peramiarti IDSAP and
Asnani A, 2019. The protein content and protease activity of
local green fly, Chloroprocta sp., maggot crude extracts. AIP
Conference Proceedings 2094: 020017.
https://doi.org/10.1063/1.5097486

Anwar H, Rahman ZU, Javed | and Muhammad F, 2012. Effect
of protein, probiotic, and symbiotic supplementation on
body performance and body weight in molted layers.
Pakistan Veterinary  Journal 33(2): 117-1109.
https://doi.org/10.3382/ps.2012-02172

Anwar H, Rahman ZU, Javed | and Muhammad F, 2015. Immune
potentiating role of protein, probiotics and symbiotic
supplementation in moulted White Leghorn hens. Avian
Biology Research 8(1): 25-34.
https://doi.org/10.3184/175815515X14217780084082

Atipairin A, Songnaka N, Krobthong S, Yingchutrakul Y,
Chinnawong T and Wanganuttara T, 2022. ldentification and
characterization of a potential antimicrobial peptide isolated
from soil Brevibacillus sp. WUL10 and its activity against
MRSA pathogens. Tropical Medicine and Infectious Disease
7(6): 93. https://doi.org/10.3390/tropicalmed7060093

Bergmeyer HUJ, Bergmeyer J and Grassl M, 1983. Methods of
Enzymatic Analysis: Enzymes, Peptidases, Proteinases, and
their Inhibitors. 3" Edn, Verlag Chemie, Hoboken, New
Jersey, ISBN: 9783527260454

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

Choudhury N, 2023. Understanding the Molecular Mechanisms
of Proteases in Bioprocessing: A Review on the Future of the
Food Industry. Research & Reviews: A Journal of



https://doi.org/10.3923/ijps.2019.255.259
https://dx.doi.org/10.17582/journal.aavs/2023/11.3.364.370
https://doi.org/10.15406/jdvar.2015.02.00041
https://doi.org/10.13057/nusbiosci/n090214
https://doi.org/10.1063/1.5097486
https://doi.org/10.3382/ps.2012-02172
https://doi.org/10.3184/175815515X14217780084082
https://doi.org/10.3390/tropicalmed7060093
https://doi.org/10.1016/j.aninu.2015.05.005

Biotechnology 12: 002.
https://doi.org/10.37591/(rrjobt).v13i2.1460

Chu X, Li M, Wang G, Wang K, Shang R, Wang Z and Li L,
2020. Evaluation of the low inclusion of full-fatted hermetia
illucens larvae meal for layer chickens: growth performance,
nutrient digestibility, and gut health. Frontiers in Veterinary
Science 7: 585843.
https://doi.org/10.3389/fvets.2020.585843

Fang G, Chen K, Song Y, Lu T, Tomberlin K, Zhan S and Huang
S, 2023. A gut commensal bacterium promotes black soldier
fly larval growth and development partly via modulation of
intestinal protein metabolism. Mbio 14(5): e0117423.
https://doi.org/10.1128/mbio0.01174-23

Feng T and Liu Y, 2022. Microorganisms in the reproductive
system and probiotic’s regulatory effects on reproductive
health. Computat. Structural Biotechnology Journal 30(20):
1541-1554. https://doi.org/289 10.1016/j.csbj.2022.03.017

Gu Y, Chen Y, Jin R., Wang C, Wen C and Zhou Y, 2021. A
comparison of intestinal integrity, digestive function and egg
quality in laying hens with different ages. Poultry Science
100(3): 100949. https://doi.org/10.1016/j.psj.2020.12.046

Harlystiarini H, Mutia R, Wibawan | and Astuti DA, 2019. In
vitro antibacterial activity of black soldier fly (Hermetia
Illucens) larva extracts against gram-negative bacteria.
Buletin  of  Animal Science 43(2): 125-129.
https://doi.org/10.21059/buletinpeternak.v43i2.42833

Hill C, Guarner F, Reid G, Gibson GR, Merenstein DJ, Pot B,
Morelli L, Canani RB, Flint HJ, Salminen S, Calder PC and
Sanders M, 2014. The International Scientific Association
for Probiotics and Prebiotics consensus statement on the
scope and appropriate use of the term probiotic. Nature
Reviews Gastroenterology & Hepatology 11(8): 506-514.
https://doi.org/10.1038/nrgastro.2014.66

Jozefiak D, Jozefiak A, Kieronczyk B, Rawski M, Swiatkiewicz
S, Dlugosz J and Engberg RM, 2016. Insects — a natural
nutrient source for poultry — A review. Annals of Animal
Science 16(2): 297-313. https://doi.org/10.1515/a0as-2016-
0010

Kroeckel S, Harjes A, Roth |, Katz H and Wuertz S, 2012. When
a turbot catches a fly: Evaluation of a pre-pupae meal of the
Black Soldier Fly (Hermetia illucens) as fish meal
substitute—Growth performance and chitin degradation in
juvenile turbot (Psetta maxima). Aquaculture 364: 345-352.
https://doi.org/10.1016/j.aquaculture.2012.08.041

Kumalasari C, Adriani L, Asmara IY and Nayan N, 2023.
Administration of probiotics to increase egg production and
extend the productivity on Late-Phase laying hen: A Review.
Advances in Animal and Veterinary Sciences 11(8): 1236-
1249 .https://doi.org/10.17582/journal.aavs/2023/11.8.1236.
1249

Liu Z, Najar-Rodriguez A, Minor M, Hedderley D and Morel P,
2020. Mating success of the black soldier fly, Hermetia
illucens (Diptera: Stratiomyidae), under four artificial light
sources. Journal of Photochemistry and Photobiology B:
Biology 205: 111815.
https://doi.org/10.1016/j.jphotobiol.2020.111815

Mwaniki Z, Neijat M and Elijah K, 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

Nekrasov RV, Chabaev MG, Zelenchenkova AA, Bastrakov Al
and Ushakova NA, 2019. Nutritional properties of Hermetia
illucens a new feed product for young pigs (Sus scrofa
domesticus Erxleben). Sel'skokhozyaistvennaya Biologia
54(2): 316-325.
https://doi.org/10.15389/agrobiology.2019.2.316eng

Oleinikova Y, Badryzlova N, Alybayeva A, Yermekbay Z,
Amangeldi A and Sadanov AMA, 2024. Effect of a probiotic
preparation based on lactic and propionic acid bacteria on the

Int J Vet Sci, 2025, x(X): XXX.

growth of young rainbow trout Oncorhynchus mykiss in
aquaculture. International Journal of Veterinary Science
13(3): 319-327.
https://doi.org/10.47278/journal.ijvs/2023.107

Park Sl, Chang BS and Yoe SM, 2014. Detection of antimicrobial
substances from larvae of the black soldier fly, Hermetia
illucens (Diptera: Stratiomyidae). Entomological Research
44: 58-64. https://doi.org/10.1111/1748-5967.12050

Peddie J, 2023. Roles of dietary supplementation of exogenous
protease in low fishmeal aquafeed: a mini review. Annals of
Animal Science 24(11): 27-39. https://doi.org/10.2478/aoas-
2023-0036

Pezsa PN, Kovacs D, Racz B and Farkas O, 2022. Effects of
Bacillus licheniformis and Bacillus subtilis on Gut Barrier
Function, Proinflammatory Response, ROS Production and
Pathogen Inhibition Properties in IPEC-J2—Escherichia
coli/Salmonella Typhimurium Co-Culture. Microorganisms
10(5): 936.
https://doi.org/10.3390/microorganisms10050936

Phupaboon S, Hashim FJ, Punyauppa-Path S, Phesatcha B,
Kanpipit N, Kongtongdee P, Phumkhachorn P and
Rattanachaikunsopon P, 2024. Supplementation of
microencapsulated fish-derived probiotic lactic acid bacteria
to enhance antioxidant activity in animal feed. International
Journal of Agriculture and Biosciences 13(3): 250-258.
https://doi.org/10.47278/journal.ijab/2024.110

Ricke SC, Dittoe DK and Olson EG, 2022. Microbiome
applications for laying hen performance and egg production.
Poultry Science 101(5):101784.
https://doi.org/10.1016/j.psj.2022.101784

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

Spranghers T, Ottoboni M, Klootwijk C, Ovyn A, Deboosere S
and De Meulenaer B, 2017. Nutritional composition of black
soldier fly (Hermetia illucens) prepupae reared on different
organic waste substrates. Journal Science Food Agriculture
97(8): 2594-2600. https://doi.org/10.1002/jsfa.8081

Storelli G, Strigini M, Grenier T, Bozonnet L, Schwarzer M,
Daniel C, Matos R and Leulier F, 2018. Drosophila
perpetuates nutritional mutualism by promoting the fitness
of its intestinal symbiont Lactobacillus plantarum. Cell
Metabolism 27(2): 362-377.
https://doi.org/10.1016/j.cmet.2017.11.011

Tahamtani FM, lvarsson E, Wiklicky V, Lalander C, Wall H,
Rodenburg TB, Tuyttens FAM and Hernandez CE, 2020.
Feeding live Black Soldier Fly larvae (Hermetia illucens) to
laying hens: effects on feed consumption, hen health, hen
behavior, and egg quality. Poultry Science 100(10): 101400.
https://doi.org/10.1016/j.psj.2021.101400

Tajudeen H, Hosseindoust A, Ha S, Mun J, Park S, Kim K,
Rodriguez R and Kim J, 2024. The effect of thermostable
and enteric-coated multi-protease on the performance and
digestibility of laying hen fed low-protein diets. Journal of
Animal Physiology and Animal Nutrition 108(5): 1554-
1561. https://doi.org/10.1111/jpn.13993

Temiraev VH, Baeva AA, Vityuk LA, Mamukaev MN, Yurina
NA, Ktsoeva Il, Bobyleva LA, Zagaraeva EF, Kokov TN and
Vologirova FA, 2020. Effect of probiotics on digestive
metabolism in growing and laying poultry birds. Journal of
Livestock Science 11: 33-39.
https://doi.org/10.33259/JL ivestSci.2020.33-39

Usman U, Khalig A, Akram F, Afzal H and Aziz S, 2024. A
review on the role of bacillus spp. as probiotics in tilapia
culture. Agrobiological Records 18: 80-95.
https://doi.org/10.47278/journal.abr/2024.040

Wang C, Pors SE, Christensen JP, Bojesen AM and Thofner IC,



https://doi.org/10.37591/(rrjobt).v13i2.1460
https://doi.org/10.3389/fvets.2020.585843
https://doi.org/10.1128/mbio.01174-23
https://doi.org/289%2010.1016/j.csbj.2022.03.017
https://doi.org/10.1016/j.psj.2020.12.046
https://doi.org/10.21059/buletinpeternak.v43i2.42833
https://doi.org/10.1038/nrgastro.2014.66
https://doi.org/10.1515/aoas-2016-0010
https://doi.org/10.1515/aoas-2016-0010
https://doi.org/10.1016/j.aquaculture.2012.08.041
https://doi.org/10.17582/journal.aavs/2023/11.8.1236.1249
https://doi.org/10.17582/journal.aavs/2023/11.8.1236.1249
https://doi.org/10.1016/j.jphotobiol.2020.111815
https://doi.org/10.3382/ps/pey118
https://doi.org/10.15389/agrobiology.2019.2.316eng
https://doi.org/10.47278/journal.ijvs/2023.107
https://doi.org/10.1111/1748-5967.12050
https://doi.org/10.2478/aoas-2023-0036
https://doi.org/10.2478/aoas-2023-0036
https://doi.org/10.3390/microorganisms10050936
https://doi.org/10.47278/journal.ijab/2024.110
https://doi.org/10.1016/j.psj.2022.101784
https://doi.org/10.1038/s41598-019-46603-z
https://doi.org/10.1038/s41598-019-46603-z
https://doi.org/10.1002/jsfa.8081
https://doi.org/10.1016/j.cmet.2017.11.011
https://doi.org/10.1016/j.psj.2021.101400
https://doi.org/10.1111/jpn.13993
https://doi.org/10.33259/JLivestSci.2020.33-39
https://doi.org/10.47278/journal.abr/2024.040

2020. Comparison and assessment of necropsy lesions in
end-of-lay laying hens from different housing systems in
Denmark. Poultry science 99(1): 119-128.
https://doi.org/10.3382/ps/pez569

Wang J and Ji H, 2018. Influence of Probiotics on Dietary Protein
Digestion and Utilization in the Gastrointestinal Tract.
Current Protein & Peptide Science 20 (2): 125-131.
https://doi.org/10.2174/1389203719666180517100339

Wang J, Wang W, Qi G, Cui C, Wu S, Zhang H and Li Xu, 2021.
Effects of dietary Bacillus subtilis supplementation and
calcium levels on performance and eggshell quality of laying
hens in the late phase of production. Poultry Science 100(3):
100970. https://doi.org/10.1016/j.psj.2020.12.067

Woulandari E, Putranto WS, Pratama A, Gumilar J and Maharani
R, 2024. Antioxidant and antimicrobials potential of peptide
from rabbit meat hydrolysate prepared by tripsin and
zingibain. Pakistan Journal Biological Sciences 27(3): 152-

Int J Vet Sci, 2025, x(X): XXX.

159. https://doi.org/10.3923/pjbs.2024.152.159

Yan F, Murugesan G and Cheng H, 2019. Effects of probiotic
supplementation on performance traits, bone mineralization,
cecal microbial composition, cytokines and corticosterone in
laying hens. Animal 13(1): 33-41.
https://doi.org/10.1017/S175173111800109X

Yesilyurt A, Biryol S, Soyding A, Isik S and Usta M, 2024.
Determination of antimicrobial effects of secondary
metabolites of different bacteria belonging to the genus
Bacillus. Afyon Kocatepe University Journal of Sciences
and Engineering 24(1): 1-07.
https://doi.org/10.35414/akufemubid.1348983

Zhen L, Wang Y, Jia X and Lu W, 2019. Isolation of secondary
metabolites with antimicrobial activities from Bacillus
amyloliquefaciens LWYZ003. Transactions of Tianjin
University 25: 38-44.
https://doi.org/10.1007/S12209-018-0137-7



https://doi.org/10.3382/ps/pez569
https://doi.org/10.2174/1389203719666180517100339
https://doi.org/10.1016/j.psj.2020.12.067
https://doi.org/10.3923/pjbs.2024.152.159
https://doi.org/10.1017/S175173111800109X
https://doi.org/10.35414/akufemubid.1348983
https://doi.org/10.1007/S12209-018-0137-7

