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Abstract 
The present study undertook a preliminary assessment of the antimicrobial activity of Volatile Organic Compounds (VOCs) 
derived from Chinocossus acronyctoides moth larvae. Using hexane as a solvent, we extracted the larvae at two developmental 
stages: young (2nd instar) and old (5th instar). The resulting crude extracts were evaluated for antibacterial activity against two 
gram-negative bacteria Escherichia coli, Klebsiella pneumoniae and two gram-positive bacteria Staphylococcus aureus and 
Bacillus subtilis by employing the agar diffusion method. The outcomes revealed significant antibacterial activity across all 
tested bacterial species. Future research should focus on the detailed component analysis of the extracts to identify the active 
compound/s, thereby validating their safety and efficacy for potential use in medicinal applications as alternative natural 
antibiotics. 
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Introduction 
The spread of new strains of antibiotic-resistant pathogenic 
microorganisms has led to the urgent need to discover and 
develop new antimicrobial systems as the rapid emergence 
of antimicrobial resistance in bacterial and fungal pathogens 
is an open emergency for public health [1, 2]. Novel 
therapeutics are required to counter resistance, however no 
modern antimicrobial classes have been clinically affirmed 
in over three decades [3]. The antibacterial effects of fatty 
acids have been well-known and recognized since the first 
experiments of Robert Koch in 1881, and they are now used 
in diverse fields [4, 5]. Over the last twenty years, there has 
been a significant surge in research focusing on new insect 
pheromones, their biosynthesis, modes of action, peripheral 
olfactory and neural mechanisms, as well as their practical 
applications in Integrated Pest Management (IPM) ever 
since the first identification of the silkworm moth sex 
pheromone in 1959 [6, 7]. Insects have long been recognized 
as a rich source of bioactive compounds with diverse 
medicinal properties [8] hence, researchers have increasingly 
recognized the potential of bioactive compound secretions, 
example like some volatile organic compounds (VOCs) 
which are emitted by insects and possess antimicrobial 
properties [9]. These VOCs are often released as pheromones 
or defensive secretions by insects [10, 11] and exhibit a wide 
array of chemical structures and functions, some often 
possessing distinctive odours [12]. They play crucial roles in 
plants [13, 14] and insect communication [15]. In insect 
communication, VOCs helps by serving chemical signals 
that facilitate various behaviours such as mate attraction [16], 
host location [17], and territorial marking, and ecological 
interactions [18]. 
The antimicrobial potential of insect-derived VOCs has 
been investigated against a broad spectrum of pathogenic 
microorganisms both in vitro and in vivo, including 
multidrug-resistant bacteria, enveloped viruses, algae, fungi, 
and protozoa [19–26]. Studies have demonstrated the ability of 
these compounds to inhibit microbial growth, disrupt 
cellular processes, and induce cell death through multiple 
mechanisms, making them promising candidates for the 
development of novel antimicrobial agents. Furthermore, 
the natural origin of insect-derived VOCs offers several 

advantages over synthetic antimicrobial compounds, 
including greater biocompatibility, lower toxicity, and 
reduced environmental impact [27].  
Some of the species of Cossid moth larvae are known to 
possess odour [28]. The moth larvae of Chinocossus 
acronyctoides produces volatile secretion which has a 
pungent aromatic smell all over its body. Some other studies 
also reported that the cossid larvae secretions are the volatile 
organic mixture of alcohol and acetate [28–30]. It was seen 
that the moth larvae of Chinocossus acronyctoides possess 
substantial concentration of VOCs and so we believed that 
the moth larvae may have a good therapeutic source of 
antibacterial agents. Here we explore the preliminary 
investigation of the moth Chinocossus acronyctoides larvae 
VOCs for antibacterial properties in hopes for finding new 
avenues for antibacterial agents. The study was assisted by 
comparing the two different stage of the Chinocossus 
acronyctoides larvae, early stage (2nd instar) and late stage 
(5th instar).  
The identification and development of novel antimicrobial 
therapeutics represent a promising avenue in response to the 
growing issue of antibiotic resistance, exacerbated by 
decades of antibiotic misuse and overuse. The World Health 
Organization recognizes antibiotic resistance as a major 
threat to global public health [9]. This resistance crisis 
necessitates the urgent discovery of alternative therapeutic 
agents, a complex and demanding task that calls for 
innovative research into natural sources and identifying 
novel antibiotic classes. These potential solutions require 
thorough efficacy, safety evaluations and tackling this 
critical issue requires sustainable investment in antibiotic 
research and development, alongside the implementation of 
judicious practices of antibiotic use.  
 
Materials and Methods 
Insect sample collection 
Chinocossus acronyctoides larvae were collected from the 
field site at Kedima-Kohima, Nagaland the GPS position for 
latitude is 25° 33’33” N and longitude is 94°10’50” E. The 
2nd and 5th instar larvae are illustrated in (Fig: 1). 
Morphological Characters of the larvae is also described in 
Table 1.  
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Fig A: 5th instar larvae  Fig B: 2nd instar larvae 

 

Fig 1: Morphological Characters of the Chinocossus acronyctoides larvae 
 

Table 1: Characteristic of the two different stage larvae 
 

Characters 2nd instar larva 5th instar larva 
Colour Red-pink pink 
Odour Very pungent pungent 

Body segment 11 11 
 
Preparation of the crude VOCs extracts from 
Chinocossus acronyctoides Larvae 
Solvent extraction 
Solvent extraction was performed by using hexane as the 
solvent [31]. About 90 g of each larvae sample (older 
stage/5th instar and younger stage/2nd instar) was used for 
extraction. Each of the samples were exposed in hexane for 
10 min in approximately 100 ml of hexane. Later the 
extracts were filtered using the Whatman filter paper. The 
filtrate was concentrates by evaporating the solvent using a 
slow stream of ultra-high purity nitrogen gas. After 
concentration the final volume of both the samples were 
brought down to 15 ml approximately. At the time of 
extraction both the two different stage larvae were kept 
enclosed in a sterilised chamber to avoid unnecessary 
contamination. 
 
Microbial samples used  
Bacillus subtilis 
B. subtilis bacteria are aerobic, rod-shaped, and sporulating 
organisms found ubiquitously in nature. Notably, Bacillus 
anthracis, the causative agent of anthrax, is the only 
obligate pathogen in vertebrates within this genus. Other 
species, such as Bacillus cereus, can cause food poisoning 
and various infections, while many Bacillus species are 
harmless saprophytes. Bacillus species are crucial in 
medical, pharmaceutical, agricultural, and industrial 
applications due to their diverse physiological properties 
and production of enzymes, antibiotics, and other 
metabolites. For instance, they contribute to the production 
of antibiotics like bacitracin and polymyxin, and their spores 
are used to test and validate sterilization procedures. Despite 
their beneficial uses, Bacillus spores are resistant to heat, 
radiation, disinfectants, and desiccation, posing challenges 
in contamination control in medical and food industries [32]. 
 
Escherichia coli  
E. coli is a gram-negative, rod-shaped bacterium commonly 
found in the intestines of warm-blooded animals. While 

most strains are harmless and part of the normal gut flora, 
some can cause serious food poisoning and infections. 
Pathogenic strains such as uropathogenic Escherichia coli 
(UPEC) cause urinary tract infections, while others like 
enteroinvasive Escherichia coli (EIEC) lead to intestinal 
diseases including diarrhoea and colitis [33]. E. coli is a 
model organism in microbiology due to its well-
characterized genetics and ease of manipulation [34]. It is 
typically sensitive to antibiotics like ciprofloxacin and 
gentamicin, but misuse of these drugs can lead to antibiotic 
resistance [35]. 
 
Staphylococcus aureus  
S. aureus is a gram-positive, round-shaped bacterium that is 
often found on the skin and in the nasal passages of humans 
[36]. While it can exist harmlessly as part of the normal flora, 
it is also a major pathogen capable of causing a wide range 
of infections, from minor skin infections to life-threatening 
conditions such as pneumonia, endocarditis, and sepsis [37]. 
S. aureus is known for its ability to develop resistance to 
antibiotics, notably methicillin-resistant Staphylococcus 
aureus (MRSA), making infections difficult to treat. It 
produces various virulence factors, including toxins and 
enzymes that facilitate tissue invasion and immune evasion 
[37]. 
 
Klebsiella pneumoniae 
K. pneumoniae is a gram-negative, rod-shaped bacterium 
commonly found in the environment, including soil, water, 
and on plants. It is also part of the normal flora of the 
human intestines but can become pathogenic under certain 
conditions. K. pneumoniae is a major cause of healthcare-
associated infections, particularly in immunocompromised 
individuals, leading to severe conditions such as pneumonia, 
bloodstream infections, urinary tract infections, and wound 
infections. This bacterium is notable for its high resistance 
to multiple antibiotics, including carbapenems, making 
treatment challenging. It produces a thick, protective 
capsule that enhances its virulence and ability to evade the 
host immune system [38]. 
 
Sub-culturing of bacterial samples 
Pure cultured bacterial strain of Escherichia coli, Klebsiella 
pneumonia, Staphylococcus aureus and Bacillus subtilis 

A
  

B 
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were obtained from the lab, the pure cultures were sub-
cultured onto clean, sterilized Petri plates containing 
nutrient agar. Each bacterial strain was then streaked onto 
the nutrient agar plates using the quadrant streaking method. 
Later a working stock of all the sub-cultured bacteria was 
also prepared in nutrient broth for the antibacterial 
assessment.  
 

Assessment of antibacterial assay 
The crude extracts of Chinocossus acronyctoides larvae 
were tested for antimicrobial activity using the disc 
diffusion method (Kirby-Bauer method) [39]. According to 
the manufacturer’s instruction, (28 g of agar per litre) 
nutrient agar media was prepared by dissolving 2.8% agar in 
distilled water. On stirring, the media was heated for about a 
minute to completely dissolve the agar. After dissolving, the 
media was autoclaved at 121°C for 15 minutes and later 
cooled to about 50 °C. The cooled agar media was poured 
into clean sterile petri dishes each about 20 ml. The plates 
were allowed to cool at room temperature for solidification 
of the media. After that 200 μl of each sub-cultured bacterial 
sample were inoculated into their respective petri plates by 
using sterilised autoclaved, L shaped Glass rod to spread the 
bacteria uniformly. Two sterile disks each loaded with 20 μl 
of extracted VOCs from young and old Chinocossus 
acronyctoides Larvae, a positive control disk containing 10 
μg dose of ampicillin and a negative control disk containing 
20 μl hexane were placed in the petri plates to check and 
compare the susceptibility of bacteria on the two different 
extracts. 

Results 
Antimicrobial Activity of VOCs from Chinocossus 
acronyctoides Larvae 
Table 2 shows the clearing zone activity of the various 
bacterial species, while Graph 2 shows the graphical 
representation of antimicrobial activity of Chinocossus 
acronyctoides larvae. The hexane crude extract of the larvae 
at two different stages showed various degree of inhibition 
against the four bacterial strains. Antibacterial potency of 
the larvae sample was quantitatively confirmed by the 
absence or presence of an inhibition zone in all over the disc 
loaded. In vitro test for the antibacterial activity of the 
larvae extracts was found to be highly active in both the 
gram-negative and gram-positive bacteria. The experimental 
test revealed that hexane extract from Chinocossus 
acronyctoides larvae inhibited most of the growth of all the 
bacterial strains. Among the four bacterial strains tested, 
extracts from larvae at both stages were most effective 
against Klebsiella pneumoniae, producing an inhibition zone 
of 12.6 ± 0.3 mm in both the samples. The extract from 
older larvae was also particularly effective against Bacillus 
subtilis, with the same inhibition zone of 12.6 ± 0.3 mm. For 
Staphylococcus aureus, both the young and old larvae 
extracts demonstrated good antibacterial activity, each with 
an inhibition zone of 11.6 ± 0.3 mm. Similarly, Escherichia 
coli was inhibited by both extracts, showing inhibition zones 
of 12 ± 1 mm for the old extract and 12.3 ± 0.3 mm for the 
young extract. 

 
Table 2: Clearing zone of Chinocossus acronyctoides larval VOCs extract (Young and Old) against the four bacterial samples 

 

Extract samples Tested organism Zone of inhibition (mm) 

Young Staphylococcus aureus Extract +ve -ve 
11.6 ± 0.3 10 0 

Old Staphylococcus aureus 11.6 ± 0.3 10 0 
Young Bacillus subtilis 12 ± 1 10 0 

Old Bacillus subtilis 12.6 ± 0.3 10 0 
Young Escherichia coli 12 ± 1 10 0 

Old Escherichia coli 12.3 ± 0.3 10 0 
Young Klebsiella pneumonia 12.6 ± 0.3 10 0 

Old Klebsiella pneumonia 12.6 ± 0.3 10 0 
The antimicrobial assessment was carried out in triplicate, here n=3. Basing on this experimental observation, antibacterial activity  
was most shown in Klebsiella pneumonia and the least was shown by Staphylococcus aureus. 

 

 
 

Graph 1: Graphical representation of antimicrobial activity of VOCs of Chinocossus acronyctoides larvae.  
SA=Staphylococcus aureus, BS=Bacillus subtilis, EC=Escherichia coli, KP=Klebsiella pneumoniae 
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Discussion 
According to the World Health Organization (WHO), more 
than 80% of the world’s population relies on traditional 
medicine for their primary healthcare needs [40]. In Kohima-
Nagaland, India, the moth larvae of Chinocossus 
acronyctoides are not traditionally used for treating wounds 
or microbial inhibition but are consumed as a food source. 
These larvae are highly valued, selling for around ₹10, 000 
per kilo thus providing significant socio-economic benefits 
to local sellers. The indigenous population also attributes 
therapeutic benefits to the larvae. 
In our preliminary study assessing the antibacterial 
properties of these larvae, we tested the crude extracts 
against Staphylococcus aureus, Bacillus subtilis, 
Escherichia coli, and Klebsiella pneumoniae. The results 
showed promising antimicrobial activity across both gram-
positive and gram-negative strains. Klebsiella pneumoniae 
exhibited highest sensitivity to the extracts compared to the 
other three bacterial strains. Interestingly, older larvae 
sample showed strong activity against Bacillus subtilis and 
Klebsiella pneumoniae. Younger sample also had the best 
activity on Klebsiella pneumoniae. In contrast, 
Staphylococcus aureus showed less sensitivity to both the 
larvae samples, this likely may be due to its higher 
resistance rate to antibiotics [41, 42]. It was also observed that 
the younger larvae emitted a more pungent and aromatic 
smell compared to older larvae, which might be related to 
the progression of the larvae development as it matures. 
This differences in the chemical composition of the larvae 
also prompted the comparative antibacterial study. The 
extraction of a mere 3 grams of organic matter from 90 
grams of larvae highlights the difficulties insects face in 
synthesizing essential compounds for cellular integrity, 
metabolism, and reproduction. Unlike plants, insects lack 
efficient biosynthetic pathways, relying instead on dietary 
sources [43]. This reliance may have them susceptible to 
fluctuations in food availability and environmental 
conditions. These findings suggest a need for further 
research to explore the full potential and mechanisms of the 
antibacterial properties of Chinocossus acronyctoides 
larvae. Additionally, understanding the metabolic 
constraints of synthesising essential compounds in insects 
can provide insights into their nutritional ecology and 
potential applications in medicine and biotechnology. 
The investigation into the antimicrobial activity of VOCs 
extracted from Chinocossus acronyctoides larvae presents 
compelling evidence of their potential as effective natural 
antibiotics. Building on historical recognition of 
antimicrobial properties from insect derived VOCs, this 
study reaffirms their efficacy against a spectrum of 
pathogenic bacteria, including both gram-negative and 
gram-positive strains. The natural origin of these VOCs 
offers advantages such as biocompatibility, low toxicity, and 
environmental sustainability, aligning with the current 
imperative to develop alternatives to conventional 
antibiotics. Notably, the study reveals variability in 
antimicrobial activity between larvae at different 
developmental stages, underscores the importance of further 
research into the underlying factors influencing efficacy. 
Moving forward, elucidating the specific bioactive organic 
volatile compounds within the crude extracts from 
Chinocossus acronyctoides larvae and understanding their 
mechanisms of action will be crucial for validating their 
safety and efficacy for medicinal applications. Moreover, 

exploring potential synergies with existing antibiotics and 
investigating scalable production methods are essential steps 
towards translating these findings into clinically viable 
antimicrobial therapies. In addressing the urgent global 
challenge of antibiotic resistance, this study contributes 
valuable insights into harnessing insect-derived volatile 
organic compounds as a rich source of novel antimicrobial 
agents. 
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