


Antibacterial ability of chitosan derived from different species of Beetles. 




Abstract.

Finding and applying antibacterial substances that are both safe and effective is essential for preventing bacterial illnesses by inhibiting their growth. So far, the active ingredient chitosan, which has been isolated from insects, has shown promise as an antibacterial tool. The chitosan was obtained from four species of beetles by chemical extraction method, had a moderate degree of deacetylation 69.31 to 69.54. Five bacterial strains with different characters of pathogenicity or non-pathogenic properties have been used to examine antibacterial activity of chitosan. Along with this both positive and negative controls are also employed to confirm the inhibitory activity of chitosan. The measurements of zones of inhibition?????? have shown that all the five species of bacteria are susceptible to the chitosan samples derived from four species of beetles. As well as to Gentamicin , the positive control used  and the standard chitosan derived from prawn with 80% deacetylation. The distilled water and 0.2% acetic acid used as negative control did not inhibit the growth of any of the bacterial species used in this experiment. Lesser concentration of chitosan ?????? below 20 ug (proper unit) in 2ml of 0.2% acetic acid failed to inhibit the bacterial growth. Conclusion???
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Introduction.
     The importance of chitosan as an antimicrobial agent has been widely examined and recently, chitosan has gained significant value as a raw material for numerous products that are utilized in various sectors such as the food, pharmaceutical, medical, agricultural, industrial, and environmental protection industries (Michaela Leonida et al., 2018). The scientific principles and comprehensive details on the remarkable functions of chitosan have been extensively reviewed by many workers (Diksha Lingait et al.,2024, Gonciarz et al., 2025,Schafer et al.,2025). The need for this chitin derivative is increasing annually, and insects seem to be good sources of this natural polymer (Sahana et al., 2025). The  main aim of this study is to characterize the insect-derived chitosan for its antimicrobial capabilities.
 Worldwide, infectious diseases pose a serious threat to human health, with bacteria being the most common causative agent, up to 30 percent of all diseases, which kill millions of people annually, are thought to be caused by bacteria (Ganesan et al., 2017). The development and widespread usage of synthetic antibiotics have greatly contributed to the treatment of bacterial diseases. Because of this, drug-resistant microorganisms have emerged (Chanda et al., 2011). Finding and using safe and effective antibacterial compounds is crucial for blocking bacterial infections by inhibiting their growth. So far, the active ingredient chitosan, which has been isolated from insects, has shown promise as an antibacterial tool (Cheraghi et al.,2022). Antibiotic compounds derived from insects are thought to be safer than manufactured medications because of their natural origin. Consequently, the purpose of this research was to test the antimicrobial potential of chitosan derived from a few different beetle species against five distinct bacterial species. To confirm the specificity of chitosan as an antibacterial agent, both positive and negative controls are employed in this study. In this experiment, we used gentamicin, a commonly employed antibiotic for treating serious infections such as urinary tract infections, meningitis, septicemia, gastrointestinal tract infections, cutaneous infections, osteoarticular infections, endocarditis, and bronchitis or pneumonia caused by specific bacteria, as a positive control. The distilled water and 0.2% of acetic acid that were used to prepare the chitosan solution are employed as negative controls, whereas commercial chitosan from prawns is also used as a comparative control.
Materials and Method.
The chitosan was obtained from four six species of beetles (mention the four species of beetles ) by chemical extraction method (extraction method short details of steps with chemical used) had degree of deacetylation as follows- Oryctus rhinoceros 69.54%, Lanelater species 69.37%,  Anomala bengalensis 69.33% and Anomala varicolor 69.31%, (highlighted portion should be moved to result section) determined by the procedure adapted by sahana et al (2025). Suggestion: confirmatory tests of chitosan should be done e.g: FTIR or XRD. Did author perform any of these tests? If yes. This should be mentioned in manuscript


Five bacterial strains Bacillus coagulans, Staphylococcus aureus, Lactobacillus acidophilus, Escherichia coli, and Streptococcus thermophiles procured from CFTRI Mysuru are used for experimental purposes to test the antibacterial activity of the beetle derived chitosan. Among the five strains of bacteria, Escherichia coli was gram-negative; the other four species were gram-positive strains. Inoculated a loop full of the strain into a 50 ml conical flask containing nutrient  Lauria Bertani broth(LB) (Hi-Media) and then placed it on a rotary shaker 24 to 48 h at 37°C to activate the different strains of test bacteria. We have used three different types of culture media specified by bacterial strains providers, the details of media is mentioned against each bacteria (Table.1)  The assay was performed using the direct diffusion. The media and the test bacterial cultures were poured into Petri dishes (Hi-Media). The test strain (200 µl) was inoculated into the Agar media. Care was taken to ensure proper homogenization. 
The experiment  was carried out under strict aseptic conditions. 5µl of 20µg/ml of all test samples which were dissolved in 0.2% acetic acid, 5µl of gentamicin 20mg/ml of standard commercially available chitosan, 5µl of the positive and negative control were added directly on to the agar plates which were inoculated with 200µl of activated bacterial culture. Petri plates were labelled in duplicate sets, and the following areas were marked at the bottom of the Petri plate as Negative control, Positive control, standard commercial chitosan control and test sample of extracted chitosan. We conducted experiments to confirm inhibitory activity of chitosan on bacterial growth, using concentrations of chitosan (20µg/ml). We recorded the activity results both positive and negative. 0.2% acetic acid which was used was used as positive control, while distilled water as negative control. To ensure the bacterial strains are not resistant to antibiotics, we  tested  with commercially available antibiotic gentamicin. Commercial chitosan was used as a comparative standard control.
Table .1.Specific media used to culture   different bacteria species.
	Bacteria species
	 Culture Media 

	Escherichia coli
(Gram-negative)
	Luria-Bertani (LB)

	Lactobacillus acidophilus
(Gram –positive)
	MRS
DeMan,Rogosa &Sharpe

	Staphylococcus aureus
(Gram –positive)
	Luria-Bertani (LB)

	Streptococcus thermophiles  (Gram positive)
	M17
Improved Medium

	Bacillus coagulans
(Gram positive)
	Luria-Bertani
(LB)



Result
The measurements of zones of inhibition have shown that all the five species of bacteria are susceptible to Gentamicin, the positive control used and the standard chitosan derived from prawn with 80% deacetylation, as well to the chitosan samples derived from four species of beetles. The standard chitosan induced inhibition zone varied in their size from 0.3cm against E. coli to 1.3cm on S. thermophilus (Table.2, Fig.1). The Gentamicin induced inhibition zone size ranged from 0.5cm on E.coli, 1.8cm A. bengalensis, A. varicola , 1.5cm R.oryctes and Lane later sps. The chitosan derived from R. oryctes resulted in inhibition zones ranging between 0.3cm to 1.4cm (Table.2) but it was slightly different in each set of experiment on S. aureus which resulted inhibition size range 0.5, 0.6, 0.8cm, like wise such variations were also resulted from chitosan of A. bengalensis, A. varicola. The chitosan derived from A. bengalensis, A. varicola resulted in inhibition zone of 0.9cm on L. acidophilus and between 1.0cm to 1.3cm on other bacteria ???? name (Table.2,Fig.1). The distilled water and 0.2% acetic acid used as negative control did not inhibit the growth of any of the bacterial species used in this experiment. Lesser concentration of chitosan below 20 µg in 1ml of 0.2% acetic acid failed to inhibit the bacterial growth.









 Table 2. The development of inhibitory zones of varying diameters demonstrates the antibacterial efficacy of chitosan from various beetles.

	Bacterial species
	OD of activated culture
	Standard Chitosan
	Gentamicin
	SAA1 Rhinoceros oryctes
	SAA3 Lanelater sp
	SAA5 Anamola bengalensis
	SAA6 Anamola varicola

	Escherichia coli
	Activated 18 hour culture/overnight 600nm=1.10nm 610nm=1.05nm
	0.3 cm 
	0.5cm
	1.4cm
	1cm
	1cm 
	1cm

	Lactobacillus acidophilus
	610nm=0.88nm
 46 hours old activated culture
	1.2cm 
	1.2cm
	0.3cm
	1cm
	0.9cm
	1cm

	
	
	
	
	
	
	
	

	Staphylococcus aureus
	600nm=0.84nm 19 hours old culture
	1.2cm
	1.5cm (saa6,saa5) 1.8cm (saa3,saa1)
	0.6cm 0.5cm 0.8cm
	1cm
	0.5cm 0.4cm 0.6cm
	0.8cm 0.5cm 0.6cm

	Bacillus coagulans
	600nm=0.13nm 18 hours old culture
	1.2cm 
	1.3cm
	1.4cm
	1.2cm
	1.2cm
	1.3cm

	Streptococcus thermophilus
	670nm=1.37nm 20 hours old activated culture
	1.3cm
	1.3cm
	1.3cm
	1.3cm
	1.3cm
	1.3cm


Fig.1 Profiles of inhibitory zones resulted by different chitosan samples,

 Fig 1. Representative images of diffusion tests of chitosan derived from Saa5- Anamola bengalensis chitosan against the bacteria A. E. coli, B. Staphylococcus aureus, C. Lactobacillus acidophilus, D. Streptococus thermophilus. E. Bacillus Coagulans    G-Gentamycin, Aa-0.2% acetic acid (negative control), DH2o- distilled water (negative control) .

Discussion.
The agar diffusion technique has a long history of being used to investigate the impact of antibiotic substances on bacterial growth. The agar diffusion assay is a popular technique for determining antimicrobial activity because of its many benefits (Bonev et al., 2008; Hossain, 2024).Based on the diffusion assay of chitosan samples it was seen that all four chitosan samples extracted from beetles as well  as commercial chitosan found to suppress both Gram-negative E. coli and four species of Gram-positive bacteria, as evidenced by the absence of colony-forming activity within those regions. The diameter of the inhibitory zone differed across the chitosan samples. The chitosan did not inhibit the growth of bacteria in its lower concentrations. At the same time, the antibacterial activity exhibited by the samples at the concentration of 20ug per ml signifies the ability to limit bacterial growth. As it is revealed in the literature, As a chelating agent, chitosan binds metal ions and prevents microbes from growing (Atay 2019, Cuero et al, 1991). Furthermore, chitosan has polycationic qualities that allow it to attach to the negatively charged surfaces of bacteria at lower doses, causing lysis. On the other hand, an abundance of chitosan at higher concentrations confines bacteria by forming a network of positive charges (Sudarshan et al., 1992).

               Gentamicin is commonly employed to treat serious infections caused by certain bacteria, it eradicates specific bacteria by inhibiting their protein synthesis. Gentamicin usage may induce allergies Nerve injury and renal impairment.( Indunil Karunarathna et al., 2024,Chaves and Tadi .,2025) in such cases an alternate safer medication is required. Any way experiment has confirmed the inhibitory activity of gentamicin against all the five species of bacteria, indicated that these species of bacteria are not resistant to gentamicin. As well chitosan derived from four species of beetles was equally efficient in blocking the growth of all the bacteria species. Similarly the commercial chitosan of prawn used as a positive standard control showed inhibition activity on bacterial colony formation similar to the activity showed by beetle derived chitosan. It suggests that chitosan from insect sources could become an alternative to gentamicin as well as to commercial chitosan. In case of increased demand for this compound insects, particularly beetles can become an alternate source, as these insects yield substantial quantity of chitin and chitosan (Sahana et al;2025). In this experiment five species of bacteria used to test their  viability against chitosan have different characteristic feature such as associative living with other bacteria, some are associated with humans, some occassionally turn pathogenic, some are significant in dairy industry. Streptococcus thermophilus belongs to the thermophilic group of lactic acid bacteria. It is traditionally used in association with one or several Lactobacillus species as a starter culture in the production of yogurt and cheeses, often the appearance of S. thermophilus  as a successful colonizer could be found in dairy industry.In this case the chitosan has inhibitory effect on both these species ,one has to be selective to apply chitosan mediated inhibition without which, the entire process may be affected. S. thermophilus  has also some negative effects such as allergic reactions,stomach discomfort,short bowel syndrome, central venous catheters, heart valve disease and sepsis,(see Rohith Sharma et al., 2014) now one has to invent methods for these diseases could be inhibited by application of chitosan as it is safe and recognized by FDA as GRAS and could be used as added content in food consumption (Entoplast.2024).
B. coagulans induces spoilage in dairy, fruit, and vegetable goods through acidogenesis (Yang et al.,2023). B. coagulans has been deemed safe by the US Food and Drug Administration (FDA) and is included on the Generally Recognized As Safe (GRAS) and Qualified Presumption of Safety (QPS) as listed by the European Union Food Safety Authority (EFSA) (EFSA updates 2013). Lactobacillus that has been widely utilized to manufacture probiotics with various health advantages. L. acidophilus constitutes a component of the typical microbiota in humans, inhabiting several regions such as the mouth cavity, gastrointestinal system, and female genitourinary tract (Liu et al.,2024). S  Additionally, they are present in plant materials such as silage, as well as in food products and agricultural commodities.  L. acidophilus is commonly found in fermented dairy products such as cheese and yogurt, as well as in fermented beverages like wine and cider. Most species are regarded as non-pathogenic, with others being utilized as probiotics to mitigate specific illness (Liu et al.,2024).  Escherichia coli (E. coli) is a gram-negative bacillus that constitutes a component of normal intestinal flora but may also induce intestinal and extra intestinal diseases in people (Fijan . 2014). The growth of all these bacteria could be inhibited by chitosan as evidenced in our experiments but at larger instances these bacteria are useful microbiota for human health. So while designing drugs or packages with chitosan, care has to be taken to avoid causing damage to these microbes.  S. aureus has long been recognized as one of the most important bacteria that cause disease in humans (see verma et al., 2022). It is the leading cause of skin and soft tissue infections such as abscesses (boils), furuncles, and cellulitis also can cause serious infections such as bloodstream infections, pneumonia, or bone and joint infections, sometimes not so serious. This one was also vulnerable to the chitosan of prawns and beetles, like the other four bacteria in this experiment. Since chitosan has been shown to prevent bacterial development regardless of the source or kind of insects, we recommend that it be used carefully to control the problematic bacteria. Even though none of the five bacterial species engaged in this experiment have yet to develop resistance to gentamicin, we offer a safe substitute in the form of beetle chitosan through this experiment in case resistance does develop over time.
Conclusion
The principal factor contributing to elevated morbidity and mortality rates is the development of bacteria resistance to existing antimicrobial agents. Certain antibiotics are widely acknowledged to have adverse effects that may result in severe health complications .The search for novel antibacterial biomaterials is extensively pursued and continues to evolve. The utilization of chitosan as an alternative appears promising, and the potential of beetles as a chitosan source warrants more investigation.
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Fig 1 Representative images of diffusion tests of	Saa5- Anamola bengalensis chitosan against the bacteria E. coli, Staphylococcus aureus , Lactobacillus acidophilus

, Streptococus thermophilus . Bacillus Coagulans G- Gentamycin( comparative control),A-0.2% acetic acid(positive control) ,D- distilled water(negative control)





		Bacterial

		OD of

		

Inhibition zone



		species

		activated

		



		

		culture

		Standard

		Gentamyc

		SAA1

		SAA3

		SAA5

		SAA6



		

		

		Chitosan

		in

		Rhinocer

os

		Lanelat

er

		Anamola

bengalen

		Anamola

varicola



		

		

		

		

		oryctes

		

		sis

		



		Escherichia

coli

		Activated 18 hour culture/overnig ht 600nm=1.10nm

610nm=1.05nm

		0.3 cm

		0.5cm

		1.4cm

		1cm

		1cm

		1cm



		Lactobacillus acidophilus

		610nm=0.88nm 46 hours old activated

culture

		1.2cm

		1.2cm

		0.3cm

		1cm

		0.9cm

		1cm



		Staphylococc us aureus

		600nm=0.84nm

19 hours old

		1.2cm

		1.5cm

(saa6,saa5

		0.6cm

0.5cm

		1cm

		0.5cm

0.4cm

		0.8cm

0.5cm



		

		culture

		

		)

		0.8cm

		

		0.6cm

		0.6cm



		

		

		

		1.8cm

		

		

		

		



		

		

		

		(saa3,saa1

		

		

		

		



		

		

		

		)

		

		

		

		



		Streptococcus thermophilus

		670nm=1.37nm 20 hours old activated

culture

		1.3cm

		1.3cm

		1.3cm

		1.3cm

		1.3cm

		1.3cm



		Bacillus coagulans

		600nm=0.13n

m

18 hours old

culture

		1.2cm

		1.3cm

		1.4cm

		1.2cm

		1.2cm

		1.3cm









		Negative control

		Sterile water



		Positive control

		0.2% acetic acid



		Gentalab eye/ear drops

		LABORATE,pharmaceuticals India LTD



		Commercially	available	standard chitosan

		Aldrich 448877-250G ,medium molecular weight Deacetlylated Chitin ,Poly (D –glucosamine)



		Test chitosan

		SAA1 - Rhinoceros oryctes

SAA3- Lanelater

Saa5- Anamola bengalensis Saa6- Anamola varicola



		

		Bacteria

		Media



		Bacterial strains tested

		Escherichia coli

Gram-negative

		Luria-Bertani (LB)



		

		Lactobacillus acidophilus

Gram –positive

		MRS

DeMan,Rogosa &

Sharpe



		

		Staphylococcus aureus

Gram -positive

		Luria-Bertani (LB)



		

		Streptococcus thermophilus

Gram positive

		M17

Improved Medium for Lactic Streptococci & their Bacteriophages



		

		Bacillus coagulans

Gram positive

		Luria-Bertani

(LB)









· µL

image1.jpeg







image2.jpeg







image3.jpeg







image4.jpeg







image5.jpeg








