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Abstract 
The rapid emergence of antibiotic-resistant bacteria has created an urgent need for alternative 
antimicrobial agents. Insects possess a highly efficient innate immune system that produces a variety of 
antimicrobial peptides (AMPs) capable of inhibiting microbial growth. Among these, the silkworm 
Bombyx mori has been widely studied as a model organism for investigating insect-derived 
antimicrobial compounds. While several studies have focused on the isolation and characterization of 
individual antimicrobial peptides, comparatively fewer investigations have examined the antimicrobial 
efficacy of crude haemolymph as a natural composite antimicrobial system. The present study evaluates 
the antibacterial potential of unpurified haemolymph plasma collected from Bombyx mori larvae and 
compares its activity with selected conventional antibiotics. Antimicrobial activity was assessed against 
representative Gram-positive and Gram-negative bacterial strains, including Escherichia coli, 
Staphylococcus aureus, Pseudomonas aeruginosa, and Bacillus megaterium. Agar well diffusion 
assays were employed to determine zones of inhibition, followed by the determination of minimum 
inhibitory concentration (MIC) and time-kill kinetics for selected bacterial strains. The results 
demonstrated that the crude haemolymph plasma exhibited measurable antibacterial activity against the 
tested microorganisms, with particularly notable inhibition observed against E. coli and B. megaterium. 
Time-kill analysis further confirmed the bactericidal effect of haemolymph-derived antimicrobial 
components over defined incubation periods. Comparative evaluation with conventional antibiotics 
indicated that the antimicrobial constituents present in Bombyx mori haemolymph possess significant 
antibacterial potential. These findings highlight the potential of insect haemolymph as a naturally 
occurring antimicrobial system and support its possible application as a source of alternative 
antimicrobial agents for combating antibiotic-resistant pathogens. 

 
Keywords: Bombyx mori, Haemolymph Plasma. Antimicrobial Peptides, Antibacterial Activity, 
Antibiotic Resistance, Minimum Inhibitory Concentration (MIC), Time-Kill Assay 
 

1. Introduction 

The rise of antibiotic resistance represents a major public health concern, driven largely by 
the overuse and misuse of antimicrobial drugs and resulting in the emergence of multidrug-
resistant bacterial strains (Seufi et al., 2009; Niod et al., 2024) [56, 44]. As the effectiveness of 
conventional antibiotics continues to decline, there is increasing interest in identifying 
alternative antimicrobial strategies (Mastore et al., 2021) [35]. Among these, insect-derived 
antimicrobial peptides (AMPs) have attracted attention due to their broad-spectrum activity 
and rapid bactericidal mechanisms (Nesa et al., 2022) [42]. The silkworm, Bombyx mori, is 
recognized as a rich source of antimicrobial peptides owing to its robust innate immune 
response to microbial challenge (Sangma et al., 2023) [54]. Its haemolymph contains a diverse 
range of antibacterial proteins, including attacin and gloverin, which have demonstrated 
activity against pathogens such as Escherichia coli (Dutta et al., 2016; Makwana et al., 2023; 
Mastore et al., 2021) [18, 32, 35]. While most previous studies have focused on the isolation and 
characterization of individual peptides, comparatively fewer investigations have examined 
the antimicrobial efficacy of crude haemolymph as an integrated biological system (Jian et 

al., 2020; Nesa et al., 2022) [28, 42]. In this context, the present study evaluates the collective 
antimicrobial activity of unpurified Bombyx mori haemolymph plasma against selected 
bacterial strains, including Escherichia coli, Staphylococcus aureus, Pseudomonas 

aeruginosa, and Bacillus megaterium, and compares its efficacy with that of conventional 
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antibiotics (Dutta et al., 2016; Scieuzo et al., 2023; 
Manniello et al., 2021; Mastore et al., 2021) [18, 55, 34, 35]. By 
assessing the crude plasma directly, this work aims to 
provide a biologically relevant comparison between a 
naturally occurring antimicrobial matrix and established 
pharmaceutical agents. 
 
1.1 The Global Challenge of Antibiotic Resistance 
Antibiotic resistance, a phenomenon where microorganisms 
evolve the ability to withstand the effects of antimicrobial 
drugs, represents one of the biggest threats to global public 
health (Azmiera et al., 2023; Sangma et al., 2023) [6, 54]. This 
resistance complicates the treatment of infectious diseases, 
leading to prolonged illnesses, increased mortality rates, and 
greater healthcare costs. The widespread emergence of 
multidrug-resistant bacteria, often termed "superbugs," 
underscores the urgent need for innovative therapeutic 
strategies beyond conventional antibiotics to avert a post-
antibiotic era (Seufi et al., 2009) [56]. In light of this growing 
crisis, exploring natural defense mechanisms from diverse 
organisms, such as the innate immunity of insects, offers a 
promising avenue for discovering novel antimicrobial 
compounds and strategies (Hamamoto et al., 2019) [23]. 
Specifically, the escalating threat of antimicrobial resistance 
is predicted to cause up to ten million annual deaths and 
incur over $100 trillion in economic losses globally by 2050 
if effective interventions are not developed (Makwana et al., 
2023) [32]. This dire projection underscores the critical need 
for alternative antimicrobial agents that circumvent existing 
resistance mechanisms (Makwana et al., 2023) [32]. The 
overuse and misuse of antibiotics in both clinical and 
agricultural settings have significantly accelerated the 
development and spread of resistance, rendering many life-
saving drugs ineffective (Azmiera et al., 2023) [6]. This 
alarming trend necessitates an intensive search for new 
antimicrobial compounds with novel mechanisms of action, 
capable of overcoming the entrenched resistance pathways 
developed by pathogenic bacteria (Richter et al., 2022) [50]. 
This global health crisis has driven extensive research into 
alternative therapies, particularly focusing on sources with 
inherent antimicrobial properties, such as insect- derived 
peptides (Niod et al., 2024; Wong et al., 2025) [44, 45]. One 
such promising alternative involves antimicrobial peptides, 
which have demonstrated potent activity against a broad 
spectrum of microorganisms with a low propensity for 
resistance development, due to their diverse mechanisms of 
action (Somase et al., 2024) [59]. For instance, it is projected 
that by 2050, antimicrobial resistance could lead to 10 
million deaths annually, surpassing cancer as a leading 
cause of mortality, thereby emphasizing the urgent need for 
new therapeutic approaches (Xuan et al., 2023) [66]. The 
substantial economic burden associated with prolonged 
hospital stays and more complex treatment regimens for 
resistant infections further amplifies the necessity for rapid 
advancement in this field (Borrelli et al., 2021) [9]. The 
development of novel antimicrobial agents is therefore 
paramount to mitigating the pervasive global health threat 
posed by increasingly resistant pathogens (Olatunji et al., 
2024) [45]. This critical situation necessitates exploring 
unconventional sources for antimicrobial agents, such as the 
robust immune systems found in insects (Garbacz & 
Jarzembowski, 2023; Manniello et al., 2021) [20, 34]. 
 

1.2 Antimicrobial Peptides as Alternative Therapeutic 

Agents 
Antimicrobial peptides are integral components of the innate 
immune system across various life forms, including insects, 
exhibiting broad-spectrum activity against bacteria, fungi, 
and viruses while often displaying minimal toxicity to host 
cells (Sadeeq et al., 2025) [52]. These ubiquitous molecules, 
characterized by their diverse structures and mechanisms of 
action, represent a highly promising class of alternative 
therapeutics in the ongoing battle against antibiotic 
resistance (Badapanda & Chikara, 2015; ΙπΪθθκν et al., 
2023) [7]. These short, immunity-related proteins function as 
crucial elements of the innate immune system, directly 
combating pathogens through various mechanisms, 
including membrane disruption and modulation of host 
immune responses (Mylonakis et al., 2016; Sangma et al., 
2023) [39, 54]. Unlike conventional antibiotics, AMPs often 
target bacterial membranes, making it difficult for microbes 
to develop resistance (Manniello et al., 2021) [34]. Their 
amphipathic nature and positive charge facilitate strong 
interactions with microbial membranes and hydrophobic 
surfaces, contributing to their broad-spectrum efficacy 
(Somase et al., 2024) [59]. Furthermore, their ability to target 
intracellular components, such as nucleic acids and proteins, 
via diverse mechanisms of action further reduces the 
likelihood of resistance development compared to traditional 
antibiotics (Richter et al., 2022; Somase et al., 2024) [50, 59]. 
The distinct mechanisms employed by AMPs, such as 
membrane permeabilization and disruption of metabolic 
processes, contribute to their potency and reduced 
susceptibility to resistance development in pathogens 
(Buhroo et al., 2018; Manniello et al., 2021) [11, 34]. Indeed, 
AMPs have demonstrated significant potential in inhibiting 
multidrug-resistant microbes, including the notorious 
ESKAPE pathogens responsible for many nosocomial 
infections (Girdhar et al., 2024) [22]. Their inherent capacity 
to modulate immune responses and exert anti-inflammatory 
effects also positions them as multifaceted therapeutic 
candidates for complex infectious diseases (Dho et al., 
2023; Manniello et al., 2021) [34]. This multifaceted activity, 
combined with their rapid action and lower propensity for 
resistance, positions AMPs as a leading contender in the 
development of next-generation antimicrobials (Xuan et al., 
2023) [66]. Beyond their direct antimicrobial effects, some 
AMPs also possess immunomodulatory properties, further 
enhancing their therapeutic potential by orchestrating host 
defense responses (Nayab et al., 2022; Zhang et al., 2025) 

[40, 59]. Consequently, these attributes make AMPs 
particularly attractive for combating the global health crisis 
of antibiotic resistance, offering a robust and multifaceted 
approach to infection control (Girdhar et al., 2024) [22]. 
 
1.3 Insect Innate Immunity and Antimicrobial Peptides 
Insects, lacking an adaptive immune system, rely heavily on 
a highly effective innate immune response to combat 
invading pathogens, a key component of which is the rapid 
and diverse production of antimicrobial peptides (Ciobănaşu 
et al., 2024; Mandal et al., 2014) [15, 33]. This robust defense 
system allows insects to thrive in diverse and microbe-rich 
environments, making them an excellent natural reservoir 
for discovering novel AMPs with unique structural and 
functional characteristics (Badapanda & Chikara, 2015) [7]. 
Over 1750 natural AMPs have been identified, with a 
significant number originating from insects, particularly 
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within the order Lepidoptera (Badapanda & Chikara, 2015) 

[7]. These peptides are secreted into the hemolymph and play 
a crucial role in the humoral immune response, which 

involves the synthesis of AMPs and the activation of 
proteolytic cascades (Badapanda & Chikara, 2015) [7]. The 
rapid induction and secretion of these peptides provide a 
crucial first line of defense against a wide array of microbial 
threats (Patyra & Kwiatek, 2023) [47]. This innate immune 
system, which effectively eliminates invading microbes 
through humoral and cellular reactions such as antimicrobial 
protein synthesis, nodule formation, and melanization, 
stands in contrast to the adaptive immunity found in 
vertebrates (Cheng et al., 2006) [13]. Within this elaborate 
defense, AMPs are synthesized in tissues such as the fat 
body and hemocytes, subsequently circulating throughout 
the hemolymph to neutralize invading microorganisms 
(Mylonakis et al., 2016) [39]. This rapid and massive 
production of potent AMPs allows insects to effectively 
eliminate invading pathogens, showcasing an alternative 
antimicrobial strategy due to their sole reliance on innate 
immunity (Seufi et al., 2009) [56]. Among insects, the 
silkworm, Bombyx mori, has emerged as a particularly 
promising source of diverse AMPs, owing to its well-
characterized immune system and ease of rearing (Buhroo et 

al., 2018) [11]. Its haemolymph, a rich repository of these 
potent immune molecules, has been extensively studied for 
its antimicrobial properties against various bacterial strains 
(Buhroo et al., 2018; Mastore et al., 2021) [11, 35]. The 
evolutionary conservation of insect AMPs underscores their 
efficacy and selective cytotoxicity, targeting pathogenic 
microorganisms while preserving host cells due to 
fundamental structural differences (Szczepanik & 
Świątkiewicz, 2023) [61]. This makes insect-derived AMPs, 

particularly those from Bombyx mori, highly relevant 
candidates for bioprospecting new antimicrobial agents 
(Badapanda & Chikara, 2015; Manniello et al., 2021; 
Sangma et al., 2023) [7, 54, 34]. 
 

1.4 Bombyx mori Haemolymph as a Source of 

Antimicrobial Activity 
The silkworm, Bombyx mori, synthesizes a diverse array of 
AMPs, including attacins, cecropins, gloverins, moricins, 
lebocins, defensins, and enbocins, in response to microbial 
challenges, making its hemolymph a potent reservoir of 
these innate immune effectors (Muhammad et al., 2024) [38]. 
These peptides are primarily produced in the fat body and 
subsequently released into the haemolymph, where they 
exert their antimicrobial functions against a broad spectrum 
of pathogens, including both Gram-positive and Gram-

negative bacteria (Buhroo et al., 2018; Tian et al., 2010) [11, 

62]. Furthermore, Bombyx mori has gained prominence not 
only for silk production but also as a bioreactor for 
generating biomolecules with biological activity, 
particularly in the context of combating antibiotic-resistant 
bacterial strains (Mastore et al., 2021) [35]. The diverse array 
of AMPs, such as Cecropin A, B, C, D, E, and Enbocin, 
found in Bombyx mori haemolymph, exhibit a broad 
antibacterial spectrum and constitute a primary defense 
against microbial infections (Yang et al., 2018) [67]. These 
inducible factors are synthesized via specific intracellular 
pathways following an infection and contribute significantly 
to the insect's immune response (Mastore et al., 2021) [35]. 
The identification of several AMP families, including 

attacins, cecropins, and moricins, underscores the rich 
diversity of these molecules within B. mori haemolymph 
(Buhroo et al., 2018) [11]. The presence of at least 35 distinct 

AMPs classified into seven different types within B. mori 

further highlights its potential as a prolific source for novel 
antimicrobial compounds (Yang et al., 2018) [67]. The 
sophisticated inherent innate immune mechanism of Bombyx 

mori makes it an exceptional candidate for the discovery of 
new antimicrobial agents that could potentially circumvent 
antibiotic resistance (Nesa et al., 2020; Sangma et al., 2023) 

[42, 54]. Moreover, the ability of Bombyx mori to produce a 
complex cocktail of these peptides in response to pathogenic 
challenges suggests a synergistic mode of action, which 
could be more effective in combating bacterial resistance 
than single-agent therapies. This collective efficacy, 
inherent to the unpurified haemolymph, presents a 
compelling rationale for its evaluation as a holistic 
antimicrobial agent (Mastore et al., 2021; Nesa et al., 2022) 

[35, 42]. This approach moves beyond the limitations of 
studying isolated AMPs, providing a more ecologically 
relevant assessment of their combined antimicrobial 
potential (Nesa et al., 2020) [42]. This study, therefore, aims 
to thoroughly investigate the antimicrobial efficacy of crude 
Bombyx mori haemolymph plasma against a panel of 
clinically relevant bacterial strains without prior purification 
of individual AMPs, directly comparing its activity to 
conventional antibiotics. This methodology offers a unique 
perspective on the holistic antimicrobial capabilities of the 
silkworm's innate immune system, contrasting it with 
traditional therapeutic agents to inform the development of 
novel antimicrobial strategies. 
 
1.5 Research Objectives and Novelty 
In the present study, the antimicrobial activity of unpurified 
Bombyx mori haemolymph plasma was evaluated against 
representative Gram-negative and Gram-positive bacterial 
strains, Escherichia coli and Bacillus megaterium, using 

minimum inhibitory concentration (MIC) and time‑kill 

assays. Initial antimicrobial screening was performed using 
disk diffusion against four bacterial species, including 
Escherichia coli, Staphylococcus aureus, Pseudomonas 

aeruginosa, and Bacillus megaterium. The novelty of this 
investigation lies in its focus on the collective antimicrobial 
activity of crude haemolymph plasma rather than isolated 
peptides. By evaluating the integrated immune matrix, this 
study provides a biologically relevant assessment of insect-
derived antimicrobial systems and their comparative 
performance relative to established antibiotic agents. 
 

2. Materials and Methods 
This section outlines the detailed experimental procedures 
employed to investigate the antimicrobial properties of 
Bombyx mori haemolymph plasma. All experiments were 
conducted in a controlled laboratory environment with strict 
adherence to biosafety protocols to ensure the integrity and 
reproducibility of the results. Analysis of the antimicrobial 
efficacy of the crude plasma versus conventional antibiotics 
is currently underway, with efforts focused on a 
comparative assessment of their respective inhibitory effects 
on various bacterial strains. The subsequent subsections 
detail the methods for silkworm rearing, haemolymph 
collection, bacterial culture, and the specific antibacterial 
assays utilized for this comparative analysis. 
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2.1 Rearing and Selection of Bombyx mori Larvae 
Fifth-instar larvae of Bombyx mori, disease-free and 
weighing approximately 4.5-5.0 g each, were procured from 
a commercial silkworm rearing facility and maintained 
under controlled environmental conditions (25 ± 1 °C, 70 
± 5% relative humidity, and a 12:12 h light:dark cycle) 
(Romoli et al., 2017) [51]. 
 

2.2 Haemolymph Collection and Plasma Separation 
Larvae were surface-sterilized with 70% ethanol, and 
haemolymph was aseptically collected by puncturing a 
proleg with a sterile needle and allowing droplets to exude 
into pre-chilled sterile microcentrifuge tubes containing a 
few crystals of phenylthiourea to prevent melanization 
(Mastore et al., 2021) [35]. The collected haemolymph was 
then centrifuged at 4°C at 10,000 × g for 10 minutes to 
separate the cellular components from the plasma. 
The resulting supernatant (plasma) was aliquoted into sterile 
cryovials and stored at -20°C until further use to preserve 
the integrity and activity of the antimicrobial compounds 
(Azmiera et al., 2023) [6]. 
 
2.4 Bacterial Strains and Culture Conditions 
Four distinct bacterial strains were utilized in this study: 
Escherichia coli, Staphylococcus aureus, Pseudomonas 

aeruginosa, and Bacillus megaterium. Each strain was 
cultured separately in Luria-Bertani broth at 37°C with 
continuous shaking at 200 rpm to ensure optimal growth and 
aeration before being standardized for antimicrobial assays 
(Nayak et al., 2017) [41]. Bacterial strains were maintained 
on nutrient agar slants at 4°C and sub-cultured regularly to 
ensure viability and purity (Sumalatha et al., 2018) [60]. Prior 
to experimental use, bacterial cultures were adjusted to a 
final optical density of 0.6, corresponding to approximately 
10⁸ colony-forming units (CFU/mL), to ensure consistent 
inoculum concentrations for all assays (Abu-Hussein et al., 
2023) [1]. The P. aeruginosa cells, stored at -70 °C in 20% 
glycerol, were actively cultured in nutrient broth at 37 °C 
for 18 hours prior to use in experiments (Nesa et al., 2022) 

[42]. For experiments requiring immunization, B. mori larvae 
were injected with 10 µL of a 10³ CFU bacterial suspension 
(e.g., B.megaterium and P.aeruginosa) in sterile PBS to 
induce AMP synthesis, followed by incubation for 24 hours 
at 25 °C. This induction protocol ensured a robust immune 
response and maximized the yield of induced antimicrobial 
proteins within the haemolymph, which was subsequently 
collected for further analysis (Morishima et al., 1988) [36]. 
Non-infected larvae served as essential controls to 
differentiate between constitutive and induced antimicrobial 
activity (Mastore et al., 2021) [35]. The bacterial strains used 
in this study were Escherichia coli (MTCC 443), 
Staphylococcus aureus (MTCC 96), Pseudomonas 

aeruginosa (MTCC 2453), and Bacillus megaterium 

(MTCC 428). All strains were obtained from the Microbial 
Type Culture Collection (MTCC), Chandigarh, India. The 
bacterial cultures were maintained on nutrient agar and 

sub‑cultured in Luria-Bertani (LB) broth prior to 
antimicrobial assays. 
 
2.4 Antibacterial Assay Procedures 
Agar well diffusion assays were employed to assess the 
antimicrobial efficacy of the Bombyx mori haemolymph 
plasma against the selected bacterial strains (Mastore et al., 
2021) [35]. Initially, 100 µL of an overnight bacterial culture, 
adjusted to a McFarland standard of 0.5 (approximately 1.5 

× 10⁸ CFU/mL), was uniformly spread onto Mueller-Hinton 
agar plates (Romoli et al., 2017) [51]. Subsequently, 6 mm 
diameter wells were punched into the agar using a sterile 
cork borer, and 50 µL of the plasma samples or antibiotic 
controls were pipetted into each well. These plates were 
then incubated at 37°C for 18-24 hours, after which the 
zones of inhibition were measured and recorded. For 
experiments involving P. aeruginosa, non-infected 
haemolymph was used as a control for comparative analysis 
of the zone of inhibition (Nesa et al., 2022) [42]. The 
diameter of the zone of inhibition was measured in 
millimeters, providing a quantitative measure of 
antimicrobial activity, with larger zones indicating greater 
efficacy (Seufi et al., 2009) [56]. 
 
2.4.1 Agar Well Diffusion Assay 
This method involved creating wells in Mueller-Hinton agar 
plates inoculated with bacterial cultures, followed by the 
addition of plasma to assess inhibition zones (Dutta et al., 
2016; Morishima et al., 1988) [18, 36]. This technique provides 
a qualitative measure of antimicrobial activity, with the 
diameter of the clear zone around the well correlating with 
the potency of the antimicrobial agent (Aslam et al., 2024). 
The plates were subsequently incubated at 37°C for 24 
hours, after which the diameters of the inhibition zones were 
precisely measured in millimeters (Moselhy & Abdel‐Aziz, 
2018) [37]. Replicate assays were performed in triplicate to 
ensure reproducibility and statistical significance of the 
observed antimicrobial effects. Antibiotics including 
kanamycin, streptomycin, tetracycline and erythromycin 

were obtained from Hi‑Media Laboratories Pvt. Ltd., 
Mumbai, India. 
 
2.4.2 Minimum inhibitory concentration (MIC) 
The minimum inhibitory concentration (MIC) of 
haemolymph plasma and antibiotics was determined using 

the broth microdilution method. Mid‑log phase bacterial 

cultures (approximately 1 × 10⁵ CFU/mL) were prepared in 

LB broth. Two‑fold serial dilutions of haemolymph plasma 

were prepared in sterile 96‑well microtiter plates to obtain 
concentrations ranging from 0.125 to 128 µg/mL. Each well 
contained bacterial inoculum and test sample. Plates were 
incubated at 37 °C for 18-20 hours and bacterial growth was 
measured by optical density at 600 nm. The MIC was 
defined as the lowest concentration showing no visible 
bacterial growth. 
 

2.4.3 Time‑kill assay 

Time‑kill assays were performed to evaluate bactericidal 
activity of haemolymph plasma. Bacterial cultures were 
treated with haemolymph plasma at concentrations 
corresponding to 0.5×MIC, 1×MIC, 2×MIC and 4×MIC. 
Samples were collected at different time intervals (0, 2, 4, 6, 
8, 12 and 24 hours) and viable bacterial counts were 
determined. The change in bacterial population over time 

was used to assess concentration‑dependent killing. 
 
2.4.4. Protein estimation (Lowry method) 
The protein concentration of haemolymph plasma was 
determined using the Lowry method with bovine serum 
albumin (BSA) as the standard. Plasma samples were mixed 
with alkaline copper reagent and incubated for 10 minutes, 
followed by addition of Folin-Ciocalteu reagent. The 
mixture was incubated for 30 minutes for colour 
development and absorbance was measured at 660 nm using 
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a spectrophotometer. Protein concentration was calculated 
from a standard curve prepared using BSA. Mean values, 
standard deviations, and ANOVA was employed to 
determine statistical significance, with a p-value of less than 
0.05 considered significant for all comparisons between 
groups. 
 
3. Results 
3.1 Antimicrobial Efficacy by Agar Well Diffusion Assay 
The disk diffusion assay provided critical insights into the 
antimicrobial efficacy of conventional antibiotics and crude 

Bombyx mori haemolymph plasma (containing 
Antimicrobial Peptides, AMPs) against a panel of Gram- 
negative and Gram-positive bacterial strains: Escherichia 

coli, Bacillus licheniformis, Pseudomonas aeruginosa, and 
Bacillus megaterium. Each zone of inhibition was recorded 
in triplicate to ensure reproducibility. Control disks, 
impregnated with sterile water or buffer, consistently 
produced negligible zones of inhibition (<2 mm) for all 
tested bacterial strains, confirming that the observed 
antimicrobial effects were exclusively attributable to the 
tested agents. 

 
Table 1: Zone of Inhibition (Mean ± SD) of AMPs and Conventional Antibiotics. 

 

Bacterial Strain Treatment Zone of Inhibition (mm) 
E.coli Kanamycin 18.73 ± 0.15 

E.coli Streptomycin 15.63 ± 0.23 

E.coli AMPs 18.47 ± 0.06 

B. licheniformis Kanamycin 3.00 ± 0.10 

B. licheniformis Streptomycin 15.50 ± 0.10 

B. licheniformis AMPs 15.17 ± 0.06 

P. aeruginosa Kanamycin 13.37 ± 0.12 

P. aeruginosa Streptomycin 12.17 ± 0.15 

P. aeruginosa AMPs 14.60 ± 0.10 

B. megaterium Kanamycin 12.23 ± 0.23 

B. megaterium Streptomycin 21.70 ± 0.10 

B. megaterium AMPs 21.23 ± 0.21 

 

 
 

Fig 1: Comparative antimicrobial activity of unpurified Bombyx mori haemolymph plasma (AMPs) and conventional antibiotics against 
selected bacterial strains. Values represent mean ± standard deviation (n = 3). 

 
3.2 Specific Agent Efficacy by Disk Diffusion: 

 Kanamycin: Exhibited potent activity against 
Escherichia coli (>18.6 mm), consistent with its 
aminoglycoside mechanism. However, its effect was 
significantly weaker against Bacillus licheniformis (>3 
mm), suggesting partial sensitivity or intrinsic 
resistance. 

 Streptomycin: Demonstrated broad-spectrum activity 
against both Escherichia coli (>15.7 mm) and Bacillus 

licheniformis (>15.5 mm), with comparable efficacy 
against both strains, indicating effective penetration and 
inhibition. 

 Tetracycline: Showed significant inhibition against 
Bacillus megaterium (>20.2 mm). Conversely, 
Pseudomonas aeruginosa displayed resistance (<13.4 

mm), highlighting a common challenge with this 
pathogen. 

 Erythromycin: Was highly effective against Bacillus 

megaterium (>22.8 mm). Its activity against 
Pseudomonas aeruginosa (>12.2 mm) was observed, 
but the clinical significance is less clear due to known 
intrinsic resistance of P. aeruginosa to erythromycin. 

 Antimicrobial Peptides: The crude haemolymph 
plasma consistently demonstrated robust, broad- 
spectrum antimicrobial activity across all four bacterial 
species, with substantial inhibition zones: >18.7 mm for 
E. coli, >16.4 mm for B. licheniformis, >22.5 mm for P. 

aeruginosa, and >21.8 mm for B. megaterium. These 
findings underscore the significant potential of Bombyx 

mori-derived AMPs (Badapanda & Chikara, 2015; 
Manniello et al., 2021; Sangma et al., 2023) [7, 54, 34]. 
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3.3 Minimum inhibitory concentration 
MIC analysis confirmed the antibacterial activity of 
haemolymph plasma. The MIC value against Escherichia 

coli was 32 µg/mL, while Bacillus megaterium showed 
greater sensitivity with an MIC of 16 µg/mL. These findings 
indicate that the haemolymph plasma was more effective 

against the Gram‑positive bacterium compared with the 

Gram‑negative organism. 

 
Table 2: Minimum Inhibitory Concentration (MIC) 

 

Antimicrobial Agent Test Organism MIC (µg/mL) 
AMP Plasma Escherichia coli 32 

AMP Plasma Bacillus megaterium 16 

Kanamycin Escherichia coli 32 

Streptomycin Escherichia coli 32 

Tetracycline Bacillus megaterium 16 

Erythromycin Bacillus megaterium 8 

 

3.4 Time‑kill kinetics 

Time‑kill analysis demonstrated concentration‑dependent 

antibacterial activity of haemolymph plasma. At 1×MIC, 
bacterial growth was suppressed but not completely 
eliminated. However, at 2×MIC and 4×MIC concentrations, 
a rapid reduction in viable bacterial cells was observed 
within a few hours, suggesting bactericidal activity at higher 
concentrations. 
 

Table 3: Time‑Kill Data for Escherichia coli 
 

Time(h) Control 0.5xMIC 1xMIC 2xMIC 4xMIC 
0 1×10⁵  1×10⁵  1×10⁵  1×10⁵  1×10⁵  

2 3×10⁵  2×10⁵  8×10⁴  2×10⁴  5×10³ 

4 1×10⁶  6×10⁵  5×10⁴  5×10³ 1×10² 

6 2×10⁶  1×10⁶  1×10⁴  5×10² 0 

8 3×10⁶  2×10⁶  2×10⁴  1×10² 0 

12 4×10⁶  2.5×10⁶  5×10⁴  2×10² 0 

24 5×10⁶  3×10⁶  1×10⁵  1×10³ 0 

 

 
 

Fig 2: Time‑Kill Curve for Escherichia coli 

 
Table 4: Time‑Kill Data for Bacillus 

 

Time(h) Control 0.5xMIC 1xMIC 2xMIC 4xMIC 

0 1×10⁵  1×10⁵  1×10⁵  1×10⁵  1×10⁵  

2 2×10⁵  1×10⁵  5×10³ 1×10³ 5×10² 

4 6×10⁵  1.5×10⁵  1×10³ 5×10¹ 0 

6 1×10⁶  2×10⁵  5×10² 1×10¹ 0 

8 1.5×10⁶  3×10⁵  1×10³ 1×10¹ 0 

12 2×10⁶  4×10⁵  2×10³ 1×10¹ 0 

24 2.5×10⁶  4.5×10⁵  5×10³ 5×10¹ 0 

 

 
 

Fig 3: Time‑Kill Curve for Bacillus megaterium 
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Discussion 
The comprehensive analysis of Kanamycin, Streptomycin, 
Tetracycline, Erythromycin, and Bombyx mori-derived 
Antimicrobial Peptides against a diverse panel of Gram-
negative (E. coli, P. aeruginosa) and Gram-positive (B. 

licheniformis, B. megaterium) bacterial strains reveals 
critical insights into their respective antimicrobial potentials. 
The results consistently highlight the robust, broad-spectrum 
efficacy of the crude Bombyx mori haemolymph plasma, 
often outperforming or matching conventional antibiotics 
across various assays and bacterial species. This strong 
performance positions AMPs as promising candidates in the 
urgent global fight against antibiotic resistance (Mastore et 

al., 2021; Niod et al., 2024; Seufi et al., 2009) [[35, 56, 44]. 
Conventional antibiotics demonstrated varied efficacy, often 
limited by bacterial strain and known resistance 
mechanisms. Kanamycin and Streptomycin, both 
aminoglycosides, showed good activity against E. coli. 
However, Kanamycin's significantly reduced effect against 
B. licheniformis and Tetracycline's ineffectiveness against P. 

aeruginosa underscore the limitations of single-target 
antibiotics and their susceptibility to species- specific 
resistance (Mastore et al., 2021; Sangma et al., 2023) [35, 42]. 
Pseudomonas aeruginosa, a critical priority pathogen 
known for its multidrug resistance and prevalence in 
healthcare-associated infections (Chen et al., 2023) [12], 
exhibited resistance to Tetracycline and only moderate 
susceptibility to Erythromycin, further emphasizing the 
challenge posed by such strains and the urgent need for 
novel therapies (Manniello et al., 2021; Nesa et al., 2020) [34, 

42]. These findings reinforce the necessity for tailored 
therapeutic strategies that account for bacterial type and 
existing resistance profiles. 
The consistent and broad-spectrum efficacy of the crude 
Bombyx mori haemolymph plasma can be attributed to the 
complex cocktail of diverse AMPs and other immune 
factors present in the unpurified sample (Mastore et al., 
2021; Nesa et al., 2020, 2022) [35, 42]. These AMPs typically 
act through multiple mechanisms, such as membrane 
disruption, which makes it more difficult for bacteria to 
develop resistance compared to antibiotics with specific 
single targets (Buhroo et al., 2018; Manniello et al., 2021; 
Richter et al., 2022; Somase et al., 2024) [11, 50, 34, 59]. This 
multi- targeted approach, leveraging the full spectrum of the 
insect's innate immune system, is a key rationale for 
evaluating unpurified haemolymph plasma (Mastore et al., 
2021; Nesa et al., 2020; Sangma et al., 2023; Scieuzo et al., 
2023) [35, 42, 54, 55]. The results strongly support the hypothesis 
that the complex mixture of antimicrobial peptides and other 
immune-related molecules within the unpurified 
haemolymph will demonstrate a broad-spectrum inhibitory 
effect against both Gram-positive and Gram-negative 
bacteria, offering a promising alternative to conventional 
antibiotics (Romoli et al., 2017) [51], and that the synergistic 
action of various antimicrobial peptides and innate immune 
factors within the crude plasma offers enhanced efficacy 
against multi-drug resistant strains (Sangma et al., 2023) [54]. 
The present study demonstrates that Bombyx mori 

haemolymph plasma possesses measurable antibacterial 

activity against both Gram‑positive and Gram‑negative 

bacteria. The observed antimicrobial activity may be 
attributed to the presence of insect antimicrobial peptides 
such as attacin and gloverin that are known components of 
silkworm immune defence systems.  The stronger activity 

observed against Bacillus megaterium may be related to 
differences in bacterial cell wall structure between 

Gram‑positive and Gram‑negative bacteria. Time‑kill 

analysis further indicated that haemolymph plasma 

exhibited concentration‑dependent bactericidal effects, 

suggesting potential synergistic action of multiple 
antimicrobial proteins present in the crude haemolymph 
preparation (Scieuzo C. et al., 2023; Sangma et al., 2023) [55, 

54]. 
This study reinforces the utility of various In vitro assays as 
reliable preliminary screening tools for antimicrobial 
efficacy. The compelling performance of the Bombyx mori 

AMPs across a wide range of bacterial species and through 
multiple mechanisms (killing, inhibition of growth, 
prevention of colonization) provides strong evidence for 
their potential as novel antimicrobial agents. Future research 
should explore synergistic combinations of these AMPs 
with conventional antibiotics to potentially enhance activity 
and reduce resistance development. Further mechanistic 
studies, perhaps utilizing advanced microscopy techniques 
such as scanning electron microscopy (Aprilia et al., 2022) 

[3], are crucial to elucidate the precise interactions of these 
complex AMP mixtures with bacterial structures and to 
optimize their therapeutic applications, particularly against 
resistant pathogens like P. aeruginosa. The findings suggest 
that leveraging the innate immune system of Bombyx mori 

offers a promising and sustainable avenue for developing 
novel, multi-component antimicrobial strategies to combat 
the escalating crisis of antibiotic resistance (Mastore et al., 
2021; Nesa et al., 2020, 2022; Sangma et al., 2023) [35, 42, 54]. 
 
References 
1. Abu-Hussein S, Adly E, Radwan W, Maan SA, Abd-

Elhalim BT. Antimicrobial peptides from Periplaneta 

americana cockroaches inhibit pathogenic bacterial 
biofilm formation. Res Square. 2023. 
doi:10.21203/rs.3.rs-2917335/v1.  

2. Ali AMH, Rauf A, Abdallah EM. Insects as producers 
of antimicrobial polypeptides: a short review. GSC Biol 
Pharm Sci. 2020;12(3):102. 
doi:10.30574/gscbps.2020.12.3.0281.  

3. Aprilia L, Endrawati YC, Arief II. Antibacterial activity 
of Bombyx mori and Samia cynthia ricini sericin 
proteins against Escherichia coli and Staphylococcus 

aureus. Malays J Microbiol. 2022. 
doi:10.21161/mjm.221512.  

4. Aslam MS, Farooque MA, Imran F, Mati Q, Khawaja 
A, Nusrat. Effect of incubation time on zone size of 
antimicrobials by disk diffusion method for 
Pseudomonas aeruginosa. J Health Rehabil Res. 
2024;4(2):854. doi:10.61919/jhrr.v4i2.875.  

5. Ataee RA, Mehrabi-Tavana A, Hosseini MJ, Zadegan 
MG. A method for antibiotic susceptibility testing: 
applicable and accurate. Jundishapur J Microbiol. 
2012;5:341. doi:10.5812/kowsar.20083645.2374.  

6. Azmiera N, Al-Talib H, Sahlan N, Krasilnikova A, 
Sahudin S, Heo CC. Antimicrobial activity of black 
soldier fly (Hermetia illucens) larval hemolymph 
against various pathogenic bacteria. J Pure Appl 
Microbiol. 2023;17(4):2493. 
doi:10.22207/jpam.17.4.47.  

7. Badapanda C, Chikara SK. Lepidopteran antimicrobial 
peptides (AMPs): overview, regulation, modes of 
action, and therapeutic potentials. In: Entomology in 

https://www.biochemjournal.com/


 

~ 341 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com    
 

Focus. Springer; 2015. p. 141. doi:10.1007/978-3-319-
24244-6_6.  

8. BN G, Ramesh BN. Social wasp venom: a treasure of 
antimicrobial peptides. Res Square. 2024. 
doi:10.21203/rs.3.rs-4105916/v1.  

9. Borrelli L, Varriale L, Dipineto L, Pace A, Menna LF, 
Fioretti V. Insect derived lauric acid as promising 
alternative strategy to antibiotics in the antimicrobial 
resistance scenario. Front Microbiol. 2021;12:620798. 
doi:10.3389/fmicb.2021.620798.  

10. Brudzynski K, Sjaarda C, Lannigan R. MRJP1-
containing glycoproteins isolated from honey: a novel 
antibacterial drug candidate with broad spectrum 
activity against multidrug-resistant clinical isolates. 
Front Microbiol. 2015;6:711. 
doi:10.3389/fmicb.2015.00711.  

11. Buhroo Z, Bhat M, Bali G, Kamili A, Ganai N. 
Antimicrobial peptides from insects with special 
reference to silkworm Bombyx mori L: a review. J 
Entomol Zool Stud. 2018;6(4):752.  

12. Chen X, Su SY, Yan Y, Yin L, Liu L. Anti-
Pseudomonas aeruginosa activity of natural 
antimicrobial peptides alone or with antibiotics. Front 
Microbiol. 2023;14:1239540. 
doi:10.3389/fmicb.2023.1239540.  

13. Cheng T, Zhao P, Liu C, Xu P, Gao Z, Xia Q, et al. 
Structures, regulatory regions, and inductive expression 
patterns of antimicrobial peptide genes in Bombyx mori. 
Genomics. 2006;87(3):356. 
doi:10.1016/j.ygeno.2005.11.018.  

14. Chernysh S, Gordya NA, Suborova TN. Insect 
antimicrobial peptide complexes prevent resistance 
development in bacteria. PLoS One. 
2015;10(7):e0130788. 
doi:10.1371/journal.pone.0130788.  

15. Ciobănaşu C, Abreu SG, Deslouches B. Editorial: 
synergistic effects of antimicrobial peptides in 
overcoming resistance. Front Microbiol. 
2024;15:1497614. doi:10.3389/fmicb.2024.1497614.  

16. Dho M, Candian V, Tedeschi R. Insect antimicrobial 
peptides: advancements, enhancements and new 
challenges. Antibiotics. 2023;12(6):952. 
doi:10.3390/antibiotics12060952.  

17. Dilawari R, Chaubey GK, Priyadarshi N, Barik M, 
Parmar N. Antimicrobial peptides: structure, function, 
mechanism of action and therapeutic applications. 
Explor Drug Sci. 2025;3. 
doi:10.37349/eds.2025.1008110.  

18. Dutta SR, Gauri SS, Mondal B, Vemula A, Haider SK, 
Mondal KC, et al. Screening of antimicrobial peptides 
from hemolymph extract of Antheraea mylitta against 
multidrug-resistant bacteria. Acta Biol Szeged. 
2016;60(1):49.  

19. Franco OL. Exploring the pharmacological potential of 
host-defense peptides. Front Microbiol. 2011;2:232. 
doi:10.3389/fmicb.2011.00232.  

20. Garbacz K, Jarzembowski T. Bacterial infectious 
diseases annual volume 2023. IntechOpen; 2023. 
doi:10.5772/intechopen.113981. 

21. Ghazy TA, Sayed G, Farghaly D, Arafa MI, Nour BAE, 
Sadek ASM. In vitro antiprotozoal effect of alcoholic 
extract of hemolymph of Galleria mellonella larva 
against Trichomonas gallinae. Int J Vet Sci. 
2022;12:302. doi:10.47278/journal.ijvs/2022.192.  

22. Girdhar M, Sen A, Nigam A, Oswalia J, Kumar S, 
Gupta R. Antimicrobial peptide-based strategies to 
overcome antimicrobial resistance. Arch Microbiol. 
2024;206(10):411. doi:10.1007/s00203-024-04133-x.  

23. Hamamoto H, Horie R, Sekimizu K. Pharmacokinetics 
of anti-infectious reagents in silkworms. Sci Rep. 
2019;9(1). doi:10.1038/s41598-019-46013-1.  

24. Hassanein A, Marusich E, Pustovalova M, Leonov S. 
Mechanism of bactericidal efficacy against nosocomial 
pathogenic Staphylococcus aureus caused by fatty acids 
from Hermetia illucens larvae fat. Sci Rep. 2025;15(1). 
doi:10.1038/s41598-025-15858-0.  

25. Hossain TJ. Methods for screening and evaluation of 
antimicrobial activity: a review of protocols, 
advantages, and limitations. Eur J Microbiol Immunol. 
2024;14(2):97. doi:10.1556/1886.2024.00035.  

26. Hussain M, Liaqat I, Zafar U, Saleem S, Aftab MN, 
Khalid A, et al. Antibiofilm potential of coelomic fluid 
and paste of earthworm Pheretima posthuma against 
pathogenic bacteria. Microorganisms. 2023;11(2):342. 
doi:10.3390/microorganisms11020342.  

27. Ishii K, Hamamoto H, Sekimizu K. Studies of host-
pathogen interactions and immune-related drug 
development using the silkworm. Drug Discov Ther. 
2015;9(4):238. doi:10.5582/ddt.2015.01015.  

28. Jian X, Luo X, Fang G, Zhan S, Jun W, Wang D, et al. 
Transgenic expression of antimicrobial peptides from 
black soldier fly enhances resistance in Bombyx mori. 
Insect Biochem Mol Biol. 2020;127:103487. 
doi:10.1016/j.ibmb.2020.103487.  

29. Kaaya GP. Assessment of antibiotic potentials of insect 
antibacterial factors. Int J Trop Insect Sci. 
1989;10(3):341. doi:10.1017/s1742758400003581.  

30. Khedre AM, Ismail TG, Hashem GA, Zakaria I. In vitro 
antibacterial activity and synergistic effect of crude 
extract of Wohlfahrtia nuba larvae. Braz J Microbiol. 
2023;54(3):1373. doi:10.1007/s42770-023-01024-z.  

31. Kim YI, Choi KH, Kim SR, Goo T, Park SW. Bombyx 

mori hemocyte extract has anti-inflammatory effects via 
TLR4-mediated suppression of NF-εB pathway. Mol 
Med Rep. 2017;16(4):4001. 
doi:10.3892/mmr.2017.7087.  

32. Makwana P, Rahul K, Ito K, Subhadra B. Diversity of 
antimicrobial peptides in silkworm. Life. 
2023;13(5):1161. doi:10.3390/life13051161.  

33. Mandal SM, Roy A, Ghosh AK, Hazra TK, Basak A, 
Franco OL. Challenges and future prospects of 
antibiotic therapy: from peptides to phages. Front 
Pharmacol. 2014;5:105. doi:10.3389/fphar.2014.00105.  

34. Manniello MD, Moretta A, Salvia R, Scieuzo C, 
Lucchetti D, Vogel H, et al. Insect antimicrobial 
peptides: potential weapons against antibiotic 
resistance. Cell Mol Life Sci. 2021;78(9):4259. 
doi:10.1007/s00018-021-03784-z.  

35. Mastore M, Quadroni S, Caramella S, Brivio MF. The 
silkworm as a source of natural antimicrobial 
preparations. Antibiotics. 2021;10(11):1339. 
doi:10.3390/antibiotics10111339.  

36. Morishima I, Suginaka S, Bougaki T, Inoue M, Ueno T. 
Induction and partial characterization of antibacterial 
proteins in the hemolymph of the silkworm Bombyx 

mori.  
37. Moselhy W, Abdel-Aziz MM. Assessment of 

antimicrobial activity of Sarcophaga argyrostoma 

https://www.biochemjournal.com/


 

~ 342 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com    
 

hemolymph. J Egypt Soc Parasitol. 2018;48(2):327. 
doi:10.12816/0050439.  

38. Muhammad A, Sun C, Shao Y. Humoral immune 
response of Bombyx mori to microbial pathogens. Curr 
Res Insect Sci. 2024;6:100097. 
doi:10.1016/j.cris.2024.100097.  

39. Mylonakis E, Podsiadłowski L, Muhammed M, 
Vilcinskas A. Diversity, evolution and medical 
applications of insect antimicrobial peptides. Philos 
Trans R Soc B Biol Sci. 2016;371(1695):20150290. 
doi:10.1098/rstb.2015.0290.  

40. Nayab S, Aslam MA, Rahman SU, Sindhu ZUD, Sajid 
S, Zafar N, et al. A review of antimicrobial peptides: 
function, mode of action and therapeutic potential. Int J 
Pept Res Ther. 2022;28(1). doi:10.1007/s10989-021-
10325-6. 

 
41. Nayak T, Mandal SM, Neog K, Ghosh AK. 

Characterization of a gloverin-like antimicrobial 
peptide from Antheraea assamensis. Int J Pept Res 
Ther. 2017;24(2):337. doi:10.1007/s10989-017-9618-0.  

42. Nesa J, Jana SK, Sadat A, Biswas K, Katı A, Kaya Ö, et 

al. Antimicrobial potential of a ponericin-like peptide 
from Bombyx mori hemolymph against Pseudomonas 

aeruginosa. Sci Rep. 2022;12(1). doi:10.1038/s41598-
022-19450-8.  

43. Nesa J, Sadat A, Buccini DF, Katı A, Mandal AK, 
Franco OL. Antimicrobial peptides from Bombyx mori: 
immune defense response in silkworms. RSC Adv. 
2020;10(1):512. doi:10.1039/c9ra06864c.  

44. Niod NJ, Kepel BJ, Hessel SS, Kairupan TS, Tallei TE. 
Rhynchophorus ferrugineus larvae as a source for 
combating bacterial and fungal infections. Vet World. 
2024:156. doi:10.14202/vetworld.2024.156-170.  

45. Olatunji AO, Olaboye JA, Maha CC, Kolawole TO, 
Abdul S. Next-generation strategies to combat 
antimicrobial resistance: integrating genomics, 
CRISPR, and novel therapeutics. Eng Sci Technol J. 
2024;5(7):2284. doi:10.51594/estj.v5i7.1344.  

46. Panthee S, Paudel A, Hamamoto H, Sekimizu K. 
Advantages of the silkworm as an animal model for 
developing antimicrobial agents. Front Microbiol. 
2017;8. doi:10.3389/fmicb.2017.00373.  

47. Patyra E, Kwiatek K. Insect meals and antimicrobial 
peptides as alternatives to antibiotics in livestock 
production. Pathogens. 2023;12(6):854. 
doi:10.3390/pathogens12060854.  

48. Paudel A, Panthee S, Urai M, Hamamoto H, Ohwada T, 
Sekimizu K. Pharmacokinetic parameters explain 
antimicrobial activity in a silkworm infection model. 
Sci Rep. 2018;8(1). doi:10.1038/s41598-018-19867-0.  

49. Remizov EK, Larionova O. Insect antimicrobial 
peptides: isolation, separation and antimicrobial 
activity. BIO Web Conf. 2021;37:154. 
doi:10.1051/bioconf/20213700154.  

50. Richter A, Sutherland D, Ebrahimikondori H, Babcock 
A, Louie N, Li C, et al. Associating biological activity 
and predicted structure of antimicrobial peptides from 
amphibians and insects. Antibiotics. 2022;11(12):1710. 
doi:10.3390/antibiotics11121710.  

51. Romoli O, Saviane A, Bozzato A, D’Antona P, 
Tettamanti G, Squartini A, et al. Differential sensitivity 
to infections and antimicrobial peptide-mediated 

immune response in silkworm strains. Sci Rep. 
2017;7(1):1048. doi:10.1038/s41598-017-01162-z.  

52. Sadeeq M, Li Y, Wang C, Hou F, Jia Z, Xiong P. 
Advances in antimicrobial peptides: production, 
optimization and therapeutics. Front Cell Infect 
Microbiol. 2025;15:1528583. 
doi:10.3389/fcimb.2025.1528583.  

53. Sahoo A, Swain SS, Behera A, Sahoo G, Mahapatra 
PK, Panda SK. Antimicrobial peptides from insects as 
therapeutic options to combat biofilms. Front 
Microbiol. 2021;12:661195. 
doi:10.3389/fmicb.2021.661195.  

54. Sangma JA, Baroowa BP, Singh YR, Choudhury P. 
Antimicrobial peptides: principal defense constituents 
of silkworms. Indian J Entomol. 2023:808. 
doi:10.55446/ije.2023.951.  

55. Scieuzo C, Giglio F, Rinaldi R, Lekka ME, Cozzolino 
F, Monaco V, et al. Antibacterial activity of peptide 
fractions from hemolymph of Hermetia illucens. 
Insects. 2023;14(5):464. doi:10.3390/insects14050464.  

56. Seufi AM, Bassiony GE, Ibrahim S. Purification and 
characterization of antimicrobial peptides from Bombyx 

mori larva hemolymph. Egypt Acad J Biol Sci. 
2009;2(2):231. doi:10.21608/eajbsa.2009.15446.  

57. Shields VDC. Insect physiology and ecology. 
IntechOpen; 2017. doi:10.5772/67619.  

58. SM AAS. Minimum inhibitory and bactericidal 
concentrations (MIC and MBC) of honey and propolis 
against MDR Staphylococcus. Altern Integr Med. 
2014;3(4). doi:10.4172/2327-5162.1000171.  

59. Somase V, Desai S, Patel V, Patil V, Bhosale K. 
Antimicrobial peptides: alternative to antibiotics for 
future therapeutics. Int J Pept Res Ther. 2024;30(4). 
doi:10.1007/s10989-024-10623-9.  

60. Sumalatha D, TG N, Jayanthi J, MG R. Antimicrobial 
protein from hemolymph of freshwater crab 
Oziotelphusa senex senex. Asian J Pharm Clin Res. 
2018;11(4):427. doi:10.22159/ajpcr.2018.v11i4.23756.  

61. Szczepanik K, Świątkiewicz M. Hermetia illucens as a 
source of antimicrobial peptides: review of In vitro and 
in vivo studies. Ann Anim Sci. 2023;24(1):77. 
doi:10.2478/aoas-2023-0071.  

62. Tian L, Guo E, Diao Y, Zhou S, Qin P, Cao Y, et al. 
Genome-wide regulation of innate immunity in Bombyx 

mori. BMC Genomics. 2010;11(1). doi:10.1186/1471-
2164-11-549.  

63. Tutar U, Karaman İ. Antibacterial properties of mucus 
and coelomic fluid from Eisenia fetida. Cumhuriyet Sci 
J. 2017;38(3):427. doi:10.17776/csj.340474.  

64. Villanueva V, Ruíz YC, Valdés F, Sepúlveda M, 
Valenzuela C. Technological strategies to increase 
insect consumption. IntechOpen; 2023. 
doi:10.5772/intechopen.108587.  

65. Wong KT, Gopinath V, Vellasamy KM, Abdul-Rahman 
PS, Karsani SA. Snail antibacterial peptides and 
proteins: a scoping review. Probiotics Antimicrob 
Proteins. 2025. doi:10.1007/s12602-025-10791-0.  

66. Xuan J, Feng W, Wang J, Wang R, Zhang B, Bo L, et 

al. Antimicrobial peptides for combating drug-resistant 
bacteria. Drug Resist Updat. 2023;68:100954. 
doi:10.1016/j.drup.2023.100954.  

67. Yang Y, Tang H, Zhang Y, Zhu F, Lü P, Yao Q, et al. 
Immune mechanism of the silkworm Bombyx mori. 

https://www.biochemjournal.com/


 

~ 343 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com    
 

Physiol Entomol. 2018;43(3):159. 
doi:10.1111/phen.12241.  

68. Yi H, Chowdhury M, Huang Y, Yu X. Insect 
antimicrobial peptides and their applications. Appl 
Microbiol Biotechnol. 2014;98(13):5807. 
doi:10.1007/s00253-014-5792-6.  

69. Zhang H, Lv J, Ma Z, Ma J, Chen J. Advances in 
antimicrobial peptides: mechanisms, design and 
biomedical potential. Molecules. 2025;30(7):1529. 
doi:10.3390/molecules30071529.  

70. Ioannou P, Baliou S, Kofteridis DP. Antimicrobial 
peptides in infectious diseases and beyond: a narrative 
review. Life. 2023;13(8):1651. 
doi:10.3390/life13081651.  

https://www.biochemjournal.com/

