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Abstract 
Background: Owing to chitosan properties such as biocompatibility and antimicrobial activities, and several applica-

tions in biomedical field, some physicochemical and anti-bacterial properties, and the level of chitosan from three spe-

cies of American cockroach, Periplaneta americana (Dictyoptera: Blattidae), the German cockroach, Blattella germani-

ca (Dictyoptera: Ectobiidae) and the Mealworm beetle, Tenebrio molitor (Coleoptera: Tenebrionidae) were investigated. 

Methods: The cuticle of adults derived from specimens was dried and grounded. The powders were demineralized as 

well as deproteinized after deacetylation via NaOH. At last, the chitosan yields from insects were studied for anti-

bacterial activity on Gram-positive bacteria (Proteus mirabilis, Klebsiella pneumoniae), and Gram-negative bacteria 

(Enterococcus faecalis and Staphylococcus epidermidis). The Fourier transform infrared spectroscopy (FTIR) was used 

to analyze the chitosan composition.  

Results: The chitosan ratios of the American and German cockroaches and the mealworm beetle were 5.80, 2.95, and 

1.70% per 3 g of the dried bodies respectively. The chitin DD’s for the American cockroach, the German cockroach and 

the mealworm beetle were 36.8%, 31.5% and 27.3%, respectively. The bactericidal activity of chitosan obtained from 

the American cockroach at a concentration of 1% had the greatest effect on P. mirabilis compared to other concentra-

tions, while chitosan obtained from the German cockroach at a concentration of 0.01% had the greatest effect on K. 

pneumoniae compared to other concentrations. 

Conclusion: According to the results, the anti-bacterial influence of the chitosan is based upon the insect species and 

chitosan concentration. Probably, the variation relates to the changes in the chitin structure among the three insect species. 
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Introduction  
 

Chitosan, the chitin deacetylated deriva-

tives, is a polysaccharide with a fibrous struc-

ture enormously detected in animals such as 

crustacean and insect exoskeletons (1). Chitin 

and chitosan is widely attended as a result of 

their useful biological characteristics like bio-

degradability, biocompatibility, non-antigenic-

ity, and non-toxicity (2). Its exceptionally bio-

logical characteristics (anti-microbial, anti-bac-

terial, coagulating activities, bio-adhesivity, and 

wound healing capacity) caused it to be used in 

cosmetics, medicine and pharmacy, agriculture,  

 

 
food industry, and wastewater treatment (3, 4). 

Currently, more attention has been paid to the 

producing of chitin and chitosan from insect 

sources. Firstly, insects have extensive biodi-

versity and show 95% of the animal group (5). 

Thus, they, as a natural source, have a great ca-

pacity to produce chitin and chitosan. In ad-

dition, the inorganic content of insect cuticles 

is less than that of crustacean shells, causing 

their demineralization to be extremely appro-

priate (6).  

The physicochemical properties of chitosan  
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have been examined in several investigations 

employing element analysis, differential scan-

ning calorimetry (DSC), scanning electron mi-

croscopy (SEM), and X-ray diffraction patterns 

(7, 8). Chitosan's activity depends on the yields, 

molecular weight (MW), level of deacetyla-

tion (DD), and amino groups (NH2) presence 

(9). According to research by currently, dif-

ferent researches have investigated the power-

ful anti-microbial influence of chitosan on 

various microorganisms, from bacteria (10) to 

fungi (11), parasites (12, 13), and yeasts (14) 

in tests including in vivo or in vitro interac-

tions with various chitosan (solutions, films, and 

composites). Therefore, studies on chitosan and 

its antimicrobial ability have recently been im-

portant (15, 16). Molecular weight (MW) plus 

the degree of deacetylation (DD) become es-

sential to the chitosan activity, and also on some 

experimental conditions, such as temperature 

and pH (17). Basseri et al. (18) showed the de-

gree of DD of chitin was 31% and 32.1% for 

the German cockroach nymphs and adults, re-

spectively, and 39.2% and 37.3% for the Amer-

ican cockroach nymphs and adults. In all cases, 

the weight of chitosan’s produced was almost 

half that of chitins. They tested solutions of 

chitosan at the concentration of 10mg/ml on 

three different bacteria: Escherichia coli and 

Pseudomonas aeruginosa, as Gram-negative, 

and Staphylococcus aureus, as Gram-positive 

species. Also, Chung et al. have shown the 

disruption of cell structure of E. coli and S. 

aureus due to the binding of chitosan to mi-

crobial enzymes and nucleotides (18). How-

ever, chitosan molecules show different influ-

ences on various microorganisms (19, 20). It 

has been suggested that the bactericidal mech-

anism of chitosan depends on the existence of 

a positively charged molecule (NH3+ sites) in-

teracting with the negatively charged membrane 

of a microbial cell, causing the ammonia group 

to bind as a protonated molecule to the nega-

tive residues by electrostatic forces (5).  

Chitosan has been effectively used in var-

ious fields such as environmental applications 

especially in water, paper, and textile treatment 

for antimicrobial activity, biomedical applica-

tions such as tissue engineering, wound heal-

ing, obesity treatment, preventing vascular dis-

eases, and food industrial applications such as 

food packaging film, nanocapsule and nano-

particles (1). Despite different investigations 

on the antimicrobial influences of chitosan (16, 

21, 22), no consensus has yet been reached. 

Therefore, additional investigations are needed. 

Considering these useful functional prop-

erties of chitosan, this study focused on chi-

tosan from edible insect, which has not been 

investigated sufficiently. To investigate func-

tional properties of edible insect chitosan from 

the mealworm beetle (Tenebrio molitor), and 

to find other possible uses as a new bio-

material, compared to insects of hygiene pest 

such as the American cockroach (Periplaneta 

americana) and the German cockroach (Blat-

tella germanica). This study aimed to extract 

the chitosan from the American cockroach, 

the German cockroach and the mealworm bee-

tle, to compare their structural homology, and 

then to measure the antimicrobial activities of 

the resulting extracted chitosan’s against four 

strains of bacteria: Proteus mirabilis, Klebsiella 

pneumoniae, Enterococcus faecalis and Staph-

ylococcus epidermidis. Selection of these bac-

teria was due to their role as nosocomial in-

fections and human pathogenicity. According 

to previous studies (23), these bacteria exist 

symbiotically in the body of the studied insects 

in laboratory and environmental conditions. 

 
Materials and Methods 
 

Sample collection  

The adult cockroaches were provided from 

the Laboratory of Medical Entomology, Teh-

ran University of Medical science (TUMS), 

and the mealworm beetle from the Laboratory 

of Entomology, University of Qom. The in-

sects were kept in an insectary at 25±2 °C 

with 12h: 12h light–dark cycle. Their food was 

dried bread, date, and water. They hungered 

http://jad.tums.ac.ir/


J Arthropod-Borne Dis, Dec 2022, 16(4): 325–339                                                                      E Cheraghi et al.: Structure and … 

327 
 

http://jad.tums.ac.ir 

Published Online: Dec 31, 2022 

for 48h so that the gut contents emptied. Next, 

they were killed through freezing at -20 °C, and 

the body was washed with water. They were 

dried through heating at 50 °C for 24h. Next, 

the body was mechanically ground and filtered 

by a 20-mesh sieve (21). At last, 3g of powder of 

every sample was utilized to extract chitosan. 

 

Extraction of Chitin and Chitosan 

Chitosan was obtained from insect pro-

cessing discards via a Chang - proposed meth-

od (24). To deproteinize, 3g of powder of spe-

cies were distinctly treated with 1M HCl at 

100 °C for 24h, filtered through a 20-mesh sieve, 

washed with distilled water, and treated with 

oxalic acid for 3h at ambient temperature with 

moderate stirring. Consequently, the deminer-

alization process was performed through fil-

tering the treated specimens by a 20-mesh sieve 

as well as washing them in distilled water. The 

process continued with adding 50ml of 1% so-

dium hypochlorite solution to each sample and 

locating at ambient temperature for 3h with mod-

erate stirring to eliminate the color of the sam-

ples. Extracted chitins were filtered via a 20-

mesh sieve, washed in distilled water, and dried 

overnight at 60 °C. The yields were treated 

via 50% NaOH at 100 °C by moderate stirring 

for 4h, then washed in distilled water and eth-

anol so that the acetyl group was eliminated 

from chitins. The procedure was repeated three 

times. 

The chitosan was dried at room tempera-

ture and was put in a clean and dry container. 

The chitosan was dissolved in 1% acetic acid 

(Sigma‐Aldrich, MI, USA) to obtain a starting 

concentration of 10mg/ml. One gram of chi-

tosan was dissolved in 100mL of acetic acid 

solution by stirring for 3h (Hotplate Magnetic 

Stirrer) at 50 °C. Hence, the chitosan used in the 

succeeding assays were dissolved in 1% ace-

tic acid. Previous studies used 1% acetic acid 

despite its anti-bacterial activity (22, 25). Dif-

ferent chitosan concentrations (0.01, 0.1, and 

1%) were prepared through dilution of 1% stock 

solution. Similar procedure was done to test the 

antibacterial activity of commercial chitosan, 

was purchased from Sigma-Aldrich (CAS-No: 

9012-76-4, Chemie GmbH Eschenstrasse, Ger-

many). 

 

Fourier Transform Infrared (FTIR) analysis 

To identify the composition of chitin and 

chitosan, and the degree of acetylation (DA), 

the analysis of specimens was performed via 

Fourier-transform infrared spectroscopy (FTIR) 

(Tensor 27, Bruker) at the Central Laboratory, 

University of Tehran (Tehran, Iran) at 4,000–

500cm−1 with potassium bromide (KBr) pel-

lets. Commercial chitin and chitosan obtained 

from Sigma Aldrich –were considered criteria. 

The wavelength range was 500–4,000cm−1 at 

a resolution of 4cm−1. The absorbance of the 

peaks was compared with that of the reference 

peak at A1655/A3450 (26). Furthermore, the 

chitin deacetylation degree (DD) was evaluat-

ed. The findings of the obtained chitosan were 

compared to the commercial one. The deacety-

lation degree (DD) was found by the following 

equation (27):  

DD (%)= 100 - [(A1655 / A3450)100]/1.33 

In which A1655= mean% absorbance be-

fore and after wavenumber 1655. A3450= mean 

% absorbance of wavenumber 3450. 

 

Scanning Electron Microscopy (SEM) 

Scanning electron microscope (SEM; Zeiss 

DSM 960A, Carl Zeiss, Oberkochen, Germa-

ny) was utilized to test the chitin surface mor-

phology at the Central Laboratory, University 

of Tehran (Tehran, Iran). The samples of chi-

tosan were ground, located on an adhesive tape 

as well as coated with a fine gold layer via 

sputter coater. The SEM was performed at 

20.0kV. 

 

Bacterial Strains 

The bacterial strains, including P. mirabi-

lis (ATCC 43071), K. pneumoniae (ATCC 

1705), E. faecalis (ATCC 29212), and S. epi-

dermidis (ATCC 12228) were provided with 

the Industrial Research Organization of Iran. 

http://jad.tums.ac.ir/


J Arthropod-Borne Dis, Dec 2022, 16(4): 325–339                                                                      E Cheraghi et al.: Structure and … 

328 
 

http://jad.tums.ac.ir 

Published Online: Dec 31, 2022 

Each bacterium was inoculated into an Erlen-

meyer flask consisting of 100ml of sterile nu-

trient broth (peptone 1%, beef extract 0.5%, 

NaCl 0.5%, pH 6) and incubated at 37 °C for 

24h. Sterile Mueller Hinton Agar (MHA, Hime-

dia) medium was arranged in sterile Petri dish-

es, incubated at 37 °C for 24h as well as uti-

lized to test antibacterial activity. 

 

Anti-bacterial Assays 

The disc diffusion method was employed in 

this study for antimicrobial assay (28). Firstly, 

20μL of freshly bacterial cultures of P. mira-

bilis, K. pneumoniae, E. faecalis, and S. epi-

dermidis, equal to 0.5 McFarland prepared, were 

then spread uniformly onto Mueller–Hinton agar 

plates. Chitosan sample discs-prepared by im-

pregnating 50μL of chitosan solution on sterile 

filter paper discs (6mm diameter), were placed 

on the agar plates. The plates were then incu-

bated at 37 °C for 24h using an incubator (IN55, 

Memmert, Germany). The presence of inhibi-

tion zones was measured around each disc in 

millimeters (mm) by a metric ruler and was 

considered as evidence of antimicrobial activ-

ity. The experiments for each test organism 

were carried out in triplicate. For each plate, 

filter‐paper discs soaked of acetic acid and 

solution of commercial chitosan were used at 

same concentrations as positive controls, while 

distilled water as a negative control. 

 

Statistical analysis  

All steps were done in triplicate. SPSS (ver-

sion 25, Ins. USA) was utilized to analyze da-

ta. Results were expressed as mean ± standard 

error of growth inhibition zones diameters ob-

tained with extracted chitosan, which amount 

was adequate for repetitions. Statistical differ-

ences of diameter of growth inhibition zones 

between the insects-derived chitosan, the bac-

terium type, and concentration of extracted chi-

tosan were determined by analysis of variance. 

The LSD test was used to determine the dif-

ference among means at the level of 0.05. 

 

Results  
 

Chitin and Chitosan extraction  

Chitin and chitosan obtained from 3g of 

dried insect powder differed in terms of insect 

species. Comparably, the chitosan yield amount 

was nearly half of the chitin one (Fig. 1). The 

chitosan ratios per 3g of the dried body in the 

American cockroach, the German cockroach and 

the mealworm beetle were 5.8, 2.95, and 1.7%, 

respectively. The degrees of chitin deacetyla-

tion (DD) of all selected samples are calculat-

ed by FTIR analysis and shown in Table 2. 

The chitin deacetylation degree for the Amer-

ican cockroach, the German cockroach and the 

mealworm beetle was 36.8%, 31.5%, and 27.3 

%, respectively; illustrating that the extracted 

chitosan of German cockroach is more deacety-

lated than the other chitosan (Fig. 1). 

 

Scanning electron microscopy of extracted 

chitosan 

Under electron microscopic examination, the 

extracted chitosan’s of the American cockroach, 

the German cockroach and the mealworm bee-

tle showed similar microfibrillar structure. How-

ever, commercial chitosan did not exhibit an 

apparent microfibrillar structure. The extracted 

chitosan’s of the American cockroach and the 

German cockroach exhibited rough and thick 

surface morphology more than the mealworm 

beetle (Fig. 2). At the SEM photographs, chitin 

of the American and German cockroaches (Fig. 

2a, b) markedly arranged in a microfibrillar 

crystalline structure was obvious compared to 

chitin of the mealworm beetle (Fig. 2c). 

 

Fourier transform infrared spectroscopy 

Analysis 

Based on the FTIR graph, the molecules 

of chitin and chitosan of three groups consist 

of the same stretching, bending vibration bands 

with various infrared spectrum graphs (Fig. 3), 

indicating decreased peaks because of the ab-

sorbing, which shows a loss of acetyl group 

and chitin deacetylation.  
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The absorption bands of spectra at 1560–

1630cm−1 (amid I stretching in C=O) and 1370–

1400cm−1 (NH2 binding) determined two prom-

inent amide bands. The absorption band at 1010–

1030cm−1 shows C–O–C stretching vibrations 

existing in chitosan molecules (Fig. 3).  

The existence of a chitosan absorption band 

of the C-H stretching, bending vibration along 

with the C–O–C stretching vibrations, partic-

ularly in the specimen from the mealworm bee-

tle, are presented in Fig. 3. The absorption bands 

are created via the stretching, C-H bending vi-

brations existing in their chitosan molecules. 

The broad and wide wavelength on commer-

cial chitosan from the American cockroach, the 

German cockroach and the mealworm beetle 

(with a peak of 3249.1, 3260.9, 3250.2, and 

3210.2cm−1, respectively) show the existence 

of hydroxyl group (O-H) in total samples, while 

sharp peaks at 2900.47cm−1, 2919.36cm−1, 

2917.49cm−1 and 2910.12cm−1 of the commer-

cial plus obtained chitosan from the American 

cockroach, the German cockroach and the meal-

worm beetle, respectively, show strong exist-

ence of alkanes in the specimens. This sup-

ports the chitosan correct chemical structure 

mainly composed of a C-C single bond.  

 

Anti-bacterial Activities Analysis 

Table 2 shows the antibacterial activities 

of chitosan obtained from the insects. The 

findings indicate the effect of the extracted 

chitosan on Gram-positive and Gram-negative 

bacteria, including P. mirabilis, K. pneumoni-

ae, E. faecalis and S. epidermidis. Also, the 

zone of inhibition for different concentrations 

of chitosan against the tested bacteria is pre-

sented in Table 2. The extracted chitosan shows 

different levels of antibacterial activity on 

Gram-positive bacteria versus Gram-negative 

bacteria. The results showed that the antibac-

terial activity of chitosan obtained from the 

American cockroach with a concentration of 

1% had the most significant effect on P. mi-

rabilis (Gram-negative), when was compared 

to standard chitosan (p= 0.000). The antibac-

terial activity of chitosan obtained from the 

American cockroach at a concentration of 1% 

had the most significant effect on P. mirabilis 

compared to other concentrations of chitosan 

extracted from the American cockroach (p= 

0.000). The antibacterial activity of chitosan 

obtained from the American cockroach with a 

concentration of 0.1% had the most signifi-

cant effect on S. epidermidis (Gram-positive), 

when was compared to standard chitosan (p= 

0.003). Also, the results showed that the anti-

bacterial activity of chitosan obtained from 

the American cockroach with a concentration 

of 1% and 0.01%, almost with the same inhi-

bition zone, had the most significant effect on 

K. pneumoniae (Gram-negative) compared to 

the concentration of 0.1% (p= 0.000). Overall, 

the antibacterial activity of chitosan obtained 

from the American cockroach at a concentra-

tion of 1% compared to other concentrations 

had the most significant effect on P. mirabilis 

(Gram-negative) than other bacteria (p= 0.000) 

(Table 2). 

The results showed that the antibacterial 

activity of chitosan obtained from the German 

cockroach with a concentration of 1 and 0.1% 

had the most significant effect on P. mirabilis 

(Gram-negative), when was compared to stand-

ard chitosan (p= 0.000). The antibacterial ac-

tivity of chitosan obtained from the German 

cockroach at a concentration of 0.01% had the 

most significant effect on K. pneumoniae (Gram-

negative) compared to standard chitosan (p= 

0.000). Also, the results showed that the anti-

bacterial activity of chitosan obtained from the 

German cockroach with a concentration of 

0.01% had the most significant effect on S. 

epidermidis (Gram-positive) compared to other 

concentrations (p= 0.002). Overall, the anti-

bacterial activity of chitosan obtained from Ger-

man cockroach at a concentration of 0.01% 

compared to other concentrations had the most 

significant effect on K. pneumoniae (Gram-neg-

ative) than other bacteria (p= 0.000) (Table 2). 

However, the antibacterial activity of chi-

tosan obtained from the mealworm beetle had 
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the least effect compared to others, so that on-

ly 1% concentration had the most significant 

effect on P. mirabilis (Gram-negative), when 

was compared to standard chitosan (p= 0.003) 

(Table 2). 

The results showed that the antibacterial 

activity of chitosan obtained from the Ameri-

can cockroach at a concentration of 1% had 

the greatest effect on P. mirabilis (Gram-neg-

ative) compared to other bacteria in different 

concentrations of chitosan obtained from in-

sects. Also, the results showed that the anti-

bacterial activity of chitosan obtained from 

the German cockroach with a concentration of 

0.01% had significant effect on both Gram-

positive and Gram-negative bacteria. In addi-

tion, the results showed that insect-derived chi-

tosan has a great inhibitory effect on Gram-

negative compared to Gram-positive bacteria 

(Table 3, Fig. 4). 

The mean± SEM of diameter of growth  

inhibition zone (mm) were measured and rec-

orded as recommended by World Health Or-

ganization 2003 (49). In addition, all signifi-

cant values of antibacterial activity between 

chitosan of cockroach and beetles compared 

to standard chitosan are given in brackets. Here, 

superscript a stands for the best of growth in-

hibition zone among bacteria types in the same 

concentration from the same insect's extracted 

chitosan, and superscript b stands for the best 

of growth inhibition zone among the different 

concentrations of the extracted chitosan in the 

same insect that affected on the same bacteria, 

and superscript c stands for the best of anti-

bacterial activity among the same bacteria and 

same concentration of the extracted chitosan 

from different insects. The rest of the cases 

that are not mentioned p value, were not sig-

nificant compared to standard chitosan. The 

experiment was conducted in triplicate. 

 
Table 1. The degree of deacetylation of the insect’s chitin using infrared spectra analysis at 4,000–500cm−1 

 

Insect species A1655 A3450 DD 

German cockroach 0.153 0.182 36.8 

American cockroach 0.126 0.149 31.5 

Mealworm beetle 0.175 0.181 27.3 

 

 
 

Fig. 1. The yields of chitin and chitosan obtained from 3-g insects’ powder after extraction process 

http://jad.tums.ac.ir/


J Arthropod-Borne Dis, Dec 2022, 16(4): 325–339                                                                      E Cheraghi et al.: Structure and … 

331 
 

http://jad.tums.ac.ir 

Published Online: Dec 31, 2022 

Table 2. Anti-bacterial activities of yield chitosan extracted from adults of insects measured based on the diameter of 

growth inhibition zone (mm) 
 

Chitosan extracted Concentration 

of chitosan 

(%) 

Zones of growth inhibition 

(G-) Proteus mirabi-

lis (p value) 

(G-) Klebsiella pneu-

moniae (p value) 

(G+) Enterococcus 

faecalis (p value) 

(G+) Staphylococcus 

epidermidis (p value) 

American cock-

roach 

1 12.2±0.3 (0.000) a, b, c 10.2±0.2 (0.000) b 6.2±0.1 8.2±0.2 (0.000) 

0.1 8.2±0.2 9.2±0.1 7.2±0.2 7.2±0.2 (0.003) a 

0.01 10.2±0.2 (0.003) 10.2±0.2 (0.000) a 8.2±0.1 8.2±0.2 

German cockroach 1 11.2±0.3 (0.000) a 9.2±0.2 (0.008) 8±0.3 8.2±0.2 (0.000) 

0.1 11.2±0.1 (0.000) a 10.2±0.2 7.2±0.1 7.2±0.2 (0.003) 

0.01 8.2±0.1 11.2±0.3 (0.000) a, b, c 8.2±0.2 9.2±0.2 (0.002) b, c 

Mealworm beetle 1 9.2±0.2 (0.003) a, b 8.2±0.1 7.2±0.2 6.2±0.2 

0.1 9.2±0.2 9.2±0.2 6.2±0.1 6.2±0.2 

0.01 8.2±0.2 9.2±0.2 6.2±0.2 8.2±0.1 

Standard (Com-

mercial chitosan) 

1 8.2±0.2 8.2±0.1 8.2±0.2 6.2±0.2 

0.1 9.2±0.3 10.2±0.2 8.2±0.1 6.2±0.2 

0.01 9.2±0.2 9±0.0 8.2±0.2 8±0.3 

 

 
 

Fig. 2. SEM micrographs of chitosan extracted from adults of insects: A) Standard (Commercial chitosan), B) Ameri-

can cockroach, C) German cockroach, D) Mealworm beetle 

http://jad.tums.ac.ir/


J Arthropod-Borne Dis, Dec 2022, 16(4): 325–339                                                                      E Cheraghi et al.: Structure and … 

332 
 

http://jad.tums.ac.ir 

Published Online: Dec 31, 2022 

Table 3. The best of anti-bacterial activity yields the concentration of extracted chitosan from adults of insects on the 

Gram-positive and Gram-negative bacteria 
 

Chitosan source Gram-negative (concentration%) Gram-positive (concentration%) 

American cockroach  12.2±0.3 (1) 8.2±0.2 (1) 

German cockroach  11.2±0.3 (0.01) 9.2±0.2 (0.01) 

Mealworm beetle  9.2±0.2 (1) 8.2±0.1 (0.01) 

Standard (Commercial chitosan)  10.2±0.2 (0.1) 8.2±0.1 (0.1) 

 

 
 

Fig. 3. Infrared spectra of Commercial and Extracted Chitosan. a) Standard (Commercial chitosan), b) American cock-

roach, c) German cockroach, d) Mealworm beetle 
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Fig. 4. Comparison of the growth inhibitory effect of different concentrations of extracted chitosan from insects on 

Gram-positive and Gram-negative bacteria. A) American cockroach, B) German cockroach, C) Mealworm beetle 
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Discussion  
 

In this research, chitin and chitosan of the 

American cockroach, the German cockroach 

and the mealworm beetle were prepared and 

partly determined. Then, the DD was meas-

ured. Afterward, bactericidal activities of the 

chitosan yield were studied. In the investiga-

tion, the antimicrobial activity of the obtained 

chitosan was varied among these insects. Fur-

thermore, the degree of polymerization and 

crystallinity of chitin and chitosan of the Amer-

ican cockroach, the German cockroach and the 

mealworm beetle were various.  

According to several previous studies on 

chitin yield from other insects depending on 

growth stage, the chitin yield ranged from 5.3 

% to 36.6% as follows: seven Orthoptera spe-

cies contained 5.3–8.9% (29), Holotrichia par-

allela contained 15% (30), Ranatra linearis con-

tained 15–16% (31), and cicada contained 36.6 

% (32). In this study, the chitin yield from 

cockroaches was higher than from the meal-

worm beetle. Physicochemical characteristics, 

rheological characteristics as well as surface 

morphology of chitosan of cicada slough, silk-

worm chrysalis, mealworm, or grasshopper were 

compared to shrimp shell chitosan. According 

to findings, the chitosan activities of insects are 

completely distinct from shrimp chitosan (5). 

Furthermore, the chitosan anti-microbial activ-

ities are based upon DD (33). In this case, the 

chitosan of insects is indicated to be much 

viscous compared with shrimp shell chitosan 

having a high deacetylation degree. Typically, 

part of chitosan bacteriostatic and bactericidal 

activity is based upon viscosity. Low viscosity 

is very efficient (5, 34). Chitosan DD of three 

insects was varied due to variation of chitosan 

antibacterial characteristics. The main element of 

the insect integument has usually been known 

to be an efficient substitute source having or-

ganic materials like chitin, especially the cuti-

cle having decreased inorganic materials (35). 

Compared to commercial chitosan’s yield from 

shrimp (26), the chitosan yields of the cock-

roaches were high within demineralization and  

 
 

deacetylation processes. While insects includ-

ing cockroaches may be abundant and acces-

sible chitin sources of chitin and chitosan, rear-

ing them is a limiting factor for industrializa-

tion. The cockroach species-derived chitins il-

lustrated the same physiological characteristics. 

They seem to be appropriate for chitosan pro-

duction. While the chitin-chitosan yield from the 

American cockroach increases, the chitin /chi-

tosan DD was somewhat high in the German 

cockroach-derived specimens. The variation of 

molecular weights of chitosan obtained from 

both groups leads to these findings. The finding 

is consistent with previous findings (21, 36).  

According to the literature, surface mor-

phology is one of the most important proper-

ties that determines the efficient use of chitin 

and its derivatives (4). The best usage area for 

chitin can be determined according to its sur-

face morphology. The number of pores in the 

chitin surface increased the chitin’s ability to 

absorb metal ions, while the chitin that has a 

fibrillar surface morphology can be used in 

textiles (29). In addition, a porous structure 

means the chitin can be a useful agent for tis-

sue engineering (4). It can be seen from pre-

vious studies that the surface morphologies of 

chitin and its derivatives obtained from crab, 

krill, insects and fungi are quite different (29). 

In this experiment, the extracted chitosan’s of 

the American cockroach and German cock-

roaches exhibited rough and thick surface mor-

phology with a microfibrillar crystalline struc-

ture, which was like the findings of previous 

studies (26, 30). At the SEM photographs, chi-

tin of the American and German cockroaches 

markedly arranged in a microfibrillar crystal-

line structure was obvious compared to chitin 

of the mealworm beetle. Similar results can 

be seen in the SEM photographs of the beetle 

chitin from cicada sloughs (32). The FTIR re-

sults suggest that there was a similarity between 

the chemical composition and the bonding types 

of chitosan in the extracted chitosan’s and com-

mercial chitosan. The present findings showed 
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that the peaks at around 1560–1630cm-1 and 

1370–1400cm−1, which correspond to (C= O) 

in the NHCOCH3 group (amide I band) and 

(NH2) in the NHCOCH3 group (amide II band), 

respectively, were characteristic of chitosan. 

These present findings are consistent with pre-

vious reported (21, 30). The peaks displayed 

at around 1010-1030cm-1 were attributed to the 

β (1–4) glycosidic bond in the polysaccharide 

unit and the stretching vibrations of C‐O‐C in 

the glucose ring. These findings are similar to 

previous reports (21, 30, 36). Additional broad 

absorption bands observed at 2900–3250cm-1 

were attributed to symmetric stretching vibra-

tions of the O‐H and alkane caused by the strong 

intermolecular hydrogen bonding of chitosan 

polysaccharides. These present findings are 

consistent with previous reports (21, 30). 

In this research, it was determined that the 

chitosan of groups inhibited the growth of 

Gram-positive and Gram-negative bacteria. Gen-

erally, many elements can have influenced the 

bactericidal activity strength of chitosan, such 

as the molecular weight, deacetylation degree, 

chitosan concentration in solution, or pH of 

medium culture (37). Its anti-bacterial effect 

has been said to be highly dependent upon its 

molecular weight in lieu of the DD (38). Re-

duced molecular weight indicated great inhib-

iting influence on Gram-positive, Gram-neg-

ative bacteria and the yeast (39). However, chi-

tosan anti-microbial characteristics are based 

upon various factors and may cause different 

results mentioned by several authors. Thus, the 

bactericidal activity of chitosan is slightly de-

batable. Chitosan is said to have high bacteri-

cidal activity on Gram-positive bacteria in com-

parison to Gram-negative ones (15, 40). Con-

versely, some authors mentioned, owing to the 

hydrophilicity of chitosan, Gram-negative bac-

teria are very susceptible to chitosan compared 

to Gram-positive ones (37).  

In the current research, among the examined 

bacteria, Gram-negative ones became exceed-

ingly susceptible to the cockroach chitosan. It 

is assigned to a high deacetylation degree of 

chitosan. Some authors have noted chitosan 

influence on Gram-positive bacteria is greater 

in comparison to Gram-negative ones (41, 

42). The bacterial influence on Gram-positive 

along with Gram-negative bacteria is some-

what debatable. In contrast, hydrophilicity in 

Gram-negative bacteria has been illustrated to 

considerably increased in comparison to in 

Gram-positive bacteria, causing them to be sus-

ceptible to chitosan (43). The results are prov-

en through many in vitro tests where Gram-

negative bacteria are significantly susceptible 

to chitosan, indicating enhanced morphologi-

cal changes in treatment in comparison with 

Gram-positives (44-46). Chitosan from the meal-

worm beetle showed slight inhibition zones 

against Bacillus cereus, Listeria monocytogenes 

and E. coli, and also slight inhibition zone 

against S. aureus in antimicrobial activity test 

(47). This finding is consistent with our find-

ings. Also, this experimental study showed for 

the first time that chitosan from the mealworm 

beetle has antimicrobial activity against path-

ogenic bacteria such as on Gram-positive bac-

teria (P. mirabilis, K. pneumoniae) and Gram-

negative bacteria (E. faecalis, S. epidermidis). 

A crucial factor is establishing the adsorbed 

chitosan level is the charge density on the cell 

surface (48). The chitosan binding to microbi-

al DNA is the additional suggested mechanism. 

This results in suppressing the mRNA plus pro-

tein synthesis by the chitosan entry to the nu-

clei of the microorganisms (45). Another mech-

anism is the metal chelation, spore component 

inhibition as well as binding to essential nu-

trients for microbial growth (15). The Gram-

negative bacteria cell wall is very complicated 

but thinner than that of Gram-positive ones. It 

includes a semi-permeable outer membrane lo-

cating on a peptidoglycan layer suppressing the 

antibiotic penetration into the cell (22). It is an 

asymmetric lipid bilayer consisting of lipo-

polysaccharide (LPS). Interaction between chi-

tosan and Gram-negative bacteria via electro-

statically interacting with the negatively charged 

LPS changing permeability (22).  
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Conclusions 
 

Based on the results, we found the amount 

of chitosan yield and the degree of deacetyla-

tion depended on the species of insects. The 

anti-bacterial influence of the chitosan is based 

upon the cockroach species. The chitosan ob-

tained from cockroaches, especially the Ameri-

can cockroach, showed a high impact of inhi-

bition on the Gram-negative bacteria. The var-

iation likely is because of variations in the chitin 

structure among the three insect species. 

 
Acknowledgements  
 

This study was supported by Deputy of 

Research, Ardabil University of Medical Sci-

ences, Grant 1002279. The research was done 

in the laboratory of Entomology, University 

of Qom. The authors thank the staff of Micro-

biology Laboratory of the Qom University of 

Medical Sciences.  

 
Ethical consideration 
 

The ethics committee of Ardabil Universi-

ty of Medical Sciences has proved the study 

(IR.ARUMS.REC.1398.617). 

 
Conflict of interest statement 
 
 

The authors declare that they have no known 

competing financial interests or personal rela-

tionships that could have appeared to influence 

the work reported in this paper.  

 
References 
 

1. Dash M, Chiellini F, Ottenbrite RM, Chiel-

lini E (2011) Chitosan-A versatile semi-

synthetic polymer in biomedical applica-

tions. Prog Polym Sci. 36(8): 981–1014. 

2. Shahidi F, Abuzaytoun R (2005) Chitin, 

chitosan, and co-products: chemistry, pro-

duction, applications, and health effects. 

Adv Food Nutr Res. 49: 93–137. 

3. Ong S-Y, Wu J, Moochhala SM, Tan M-H, 

Lu J (2008) Development of a chitosan-

based wound dressing with improved 

hemostatic and antimicrobial properties. 

Biomaterials. 29(32): 4323–3432. 

4. Aranaz I, Mengíbar M, Harris R, Paños I, 

Miralles B, Acosta N, Galed G, Heras Á 

(2009) Functional characterization of chitin 

and chitosan. Curr Chem Biol. 3(2): 203–

230. 

5. Luo Q, Wang Y, Han Q, Ji L, Zhang H, Fei 

Z, Wang Y (2019) Comparison of the 

physicochemical, rheological, and mor-

phologic properties of chitosan from four 

insects. Carbohydr Polym. 209: 266–275. 

6. Zhang M, Haga A, Sekiguchi H, Hirano S 

(2000) Structure of insect chitin isolated 

from beetle larva cuticle and silkworm 

(Bombyx mori) pupa exuvia. Int J Biol 

Macromol. 27(1): 99–105. 

7. Yen MT, Yang JH, Mau JL (2009) Phys-

icochemical characterization of chitin and 

chitosan from crab shells. Carbohydr 

Polym. 75(1): 15–21. 

8. Jang MK, Kong BG, Jeong YI, Lee CH, 

Nah JW (2004) Physicochemical charac-

terization of α‐chitin, β‐chitin, and γ‐chitin 

separated from natural resources. J Polym 

Sci, Part A: Polym Chem. 42(14): 3423–

3432. 

9. Bakshi PS, Selvakumar D, Kadirvelu K, 

Kumar N (2020) Chitosan as an envi-

ronment friendly biomaterial–a review on 

recent modifications and applications. Int 

J Biol Macromol. 150: 1072–1083. 

10. Yadollahi M, Farhoudian S, Namazi H 

(2015) One-pot synthesis of antibacterial 

chitosan/silver bio-nanocomposite hydro-

gel beads as drug delivery systems. Int J 

Biol Macromol. 79: 37–43. 

11. Liu W, Qin Y, Liu S, Xing R, Yu H, Chen 

X, Li K, Li P (2018) Synthesis of C-co-

ordinated O-carboxymethyl chitosan met-

al complexes and evaluation of their an-

tifungal activity. Sci Rep. 8(1): 1–10. 

12. Yarahmadi M, Fakhar M, Ebrahimzadeh  

http://jad.tums.ac.ir/


J Arthropod-Borne Dis, Dec 2022, 16(4): 325–339                                                                      E Cheraghi et al.: Structure and … 

337 
 

http://jad.tums.ac.ir 

Published Online: Dec 31, 2022 

MA, Chabra A, Rahimi-Esboei B (2016) 

The anti-giardial effectiveness of fungal 

and commercial chitosan against Giardia 

intestinalis cysts in vitro. J Parasit Dis. 

40(1): 75–80. 

13. Rahimi MT, Ahmadpour E, Esboei BR, 

Spotin A, Koshki MHK, Alizadeh A, Ho-

nary S, Barabadi H, Mohammadi MA 

(2015) Scolicidal activity of biosynthe-

sized silver nanoparticles against Echino-

coccus granulosus protoscolices. Int J 

Surg. 19: 128–133. 

14. Grisin T, Bories C, Bombardi M, Loiseau 

PM, Rouffiac V, Solgadi A, Mallet JM, 

Ponchel G, Bouchemal K (2017) Supra-

molecular chitosan micro-platelets syner-

gistically enhance anti-Candida albicans 

activity of amphotericin B using an im-

munocompetent murine model. Pharm 

Res. 34(5): 1067–1082. 

15. Goy RC, Britto Dd, Assis OB (2009) A 

review of the antimicrobial activity of 

chitosan. Polímeros. 19(3): 241–247. 

16. Shahraki H, Basseri HR, Mirahmadi H, 

Bafghi MF, Mehravarn A, Heydarian P, 

Esboei BR (2018) Evaluation of Anti-

bacterial and Antifungal Activity of Chi-

tosan in Integument of Cockroaches. Int 

J Basic Appl Med. 3(3): 104–108. 

17. Perinelli DR, Campana R, Skouras A, 

Bonacucina G, Cespi M, Mastrotto F, 

Baffone W, Casettari L (2018) Chitosan 

loaded into a hydrogel delivery system 

as a strategy to treat vaginal co-infec-

tion. Pharmaceutics. 10(1): 23–38. 

18. Chung YC, Chen CY (2008) Antibacterial 

characteristics and activity of acid-sol-

uble chitosan. Bioresour Technol. 99(8): 

2806–2814. 

19. Amirabad LM, Jonoobi M, Mousavi NS, 

Oksman K, Kaboorani A, Yousefi H 

(2018) Improved antifungal activity and 

stability of chitosan nanofibers using cel-

lulose nanocrystal on banknote papers. 

Carbohydr Polym. 189: 229–237. 

20. Carrión-Granda X, Fernández-Pan I, Jaime I, 

Rovira J, Maté JI (2016) Improvement 

of the microbiological quality of ready-

to-eat peeled shrimps (Penaeus vannamei) 

by the use of chitosan coatings. Int J Food 

Microbiol. 232: 144–149. 

21. Basseri H, Bakhtiyari R, Hashemi SJ, Ban-

iardelani M, Shahraki H, Hosainpour L 

(2019) Antibacterial/antifungal activity of 

extracted chitosan from American cock-

roach (Dictyoptera: Blattidae) and Ger-

man cockroach (Blattodea: Blattellidae). 

J Med Entomol. 56(5): 1208–1214. 

22. Chang AKT, Frias Jr RR, Alvarez LV, 

Bigol UG, Guzman JPMD (2019) Com-

parative antibacterial activity of commer-

cial chitosan and chitosan extracted from 

Auricularia sp. Biocatal Agric Biotech-

nol. 17: 189–195. 

23. Khan HA, Ahmad A, Mehboob R (2015) 

Nosocomial infections and their control 

strategies. Asian Pac J Trop Biomed. 5 

(7): 509–514. 

24. Chang KLB, Tsai G, Lee J, Fu WR (1997) 

Heterogeneous N-deacetylation of chitin 

in alkaline solution. Carbohydr Res. 303 

(3): 327–332. 

25. Romanazzi G, Gabler FM, Margosan D, 

Mackey BE, Smilanick JL (2009) Effect 

of chitosan dissolved in different acids 

on its ability to control postharvest gray 

mold of table grape. Phytopathology. 99 

(9): 1028–1036. 

26. De Queiroz Antonino RSCM, Lia Fook 

BRP, de Oliveira Lima VA, de Farias 

Rached RÍ, Lima EPN, da Silva Lima RJ, 

Peniche Covas CA, Lia Fook MV (2017) 

Preparation and characterization of chi-

tosan obtained from shells of shrimp (Li-

topenaeus vannamei Boone). Mar Drugs. 

15(5): 141–153. 

27. Zhong Z, Xing R, Liu S, Wang L, Cai S, 

Li P (2008) Synthesis of acyl thiourea 

derivatives of chitosan and their antimi-

crobial activities in vitro. Carbohydr Res. 

343(3): 566–570. 

28. Hudzicki J (2009) Kirby-Bauer disk diffu- 

http://jad.tums.ac.ir/


J Arthropod-Borne Dis, Dec 2022, 16(4): 325–339                                                                      E Cheraghi et al.: Structure and … 

338 
 

http://jad.tums.ac.ir 

Published Online: Dec 31, 2022 

sion susceptibility test protocol. Ameri-

can society for microbiology. 15: 55–63. 

29. Kaya M, Erdogan S, Mol A, Baran T (2015) 

Comparison of chitin structures isolated 

from seven Orthoptera species. Int J Biol 

Macromol. 72: 797–805. 

30. Liu S, Sun J, Yu L, Zhang C, Bi J, Zhu F, 

Qu M, Jiang C, Yang Q (2012) Extrac-

tion and characterization of chitin from the 

beetle Holotrichia parallela Motschulsky. 

Molecules. 17(4): 4604–4611. 

31. Kaya M, Baran T, Mentes A, Asaroglu M, 

Sezen G, Tozak KO (2014) Extraction and 

characterization of α-chitin and chitosan 

from six different aquatic invertebrates. 

Food biophysics. 9(2): 145–157. 

32. Sajomsang W, Gonil P (2010) Preparation 

and characterization of α-chitin from ci-

cada sloughs. Mater Sci Eng C. 30(3): 

357–363. 

33. Jung EJ, Youn DK, Lee SH, No HK, Ha 

JG, Prinyawiwatkul W (2010) Antibac-

terial activity of chitosans with different 

degrees of deacetylation and viscosities. 

Int J Food Sci Technol. 45(4): 676–682. 

34. Dragland IS, Rukke HV, Stenhagen IS, 

Lönn-Stensrud J, Kopperud HM (2016) 

Antibacterial and antibiofilm effect of low 

viscosity chitosan against Staphylococcus 

epidermidis. Int J Microbiol. 2016: 1–7. 

35. Kaya M, Baran T, Erdoğan S, Menteş A, 

Özüsağlam MA, Çakmak YS (2014) Phys-

icochemical comparison of chitin and chi-

tosan obtained from larvae and adult Col-

orado potato beetle (Leptinotarsa decem-

lineata). Mater Sci Eng C. 45: 72–81. 

36. Badawy RM, Mohamed HI (2015) Chitin 

extration, composition of different six in-

sect species and their comparable char-

acteristics with that of the shrimp. J Am 

Sci. 11(6): 127–134. 

37. Vinsova J, Vavrikova E (2011) Chitosan 

derivatives with antimicrobial, antitumour 

and antioxidant activities-a review. Curr 

Pharm Des. 17(32): 3596–3607. 

38. Li J, Wu Y, Zhao L (2016) Antibacterial  

activity and mechanism of chitosan with 

ultra high molecular weight. Carbohydr 

Polym. 148: 200–205. 

39. Tikhonov VE, Stepnova EA, Babak VG, 

Yamskov IA, Palma-Guerrero J, Jansson 

HB, Lopez-Llorca LV, Salinas J, Gerasi-

menko DV, Avdienko ID (2006) Bacte-

ricidal and antifungal activities of a low 

molecular weight chitosan and its N-/2 

(3)-(dodec-2-enyl) succinoyl/-derivatives. 

Carbohydr Polym. 64(1): 66–72. 

40. Zhao G, Hu C, Xue Y (2018) In vitro eval-

uation of chitosan‐coated liposome con-

taining both coenzyme Q10 and alpha‐ 

lipoic acid: Cytotoxicity, antioxidant ac-

tivity, and antimicrobial activity. J Cos-

met Dermatol. 17(2): 258–262. 

41. Coma V, Deschamps A, Martial‐Gros A 

(2003) Bioactive packaging materials from 

edible chitosan polymer-antimicrobial ac-

tivity assessment on dairy‐related contam-

inants. J Food Sci. 68(9): 2788–2792. 

42. Dutta P, Tripathi S, Mehrotra G, Dutta J 

(2009) Perspectives for chitosan based an-

timicrobial films in food applications. Food 

Chem. 114(4): 1173–1182. 

43. Chung YC, Su YP, Chen CC, Jia G, Wang 

HL, Wu JG, Lin JG (2004) Relationship 

between antibacterial activity of chitosan 

and surface characteristics of cell wall. 

Acta Pharmacol Sin. 25(7): 932–936. 

44. Eldin MM, Soliman E, Hashem A, Tamer 

T (2008) Antibacterial activity of chitosan 

chemically modified with new technique. 

Trends Biomater Artif Organs. 22(3): 125–

137. 

45. Šimůnek J, Tishchenko G, Hodrová B, 

Bartoňová H (2006) Effect of chitosan 

on the growth of human colonic bacte-

ria. Folia Microbiol. 51(4): 306–308. 

46. Eaton P, Fernandes JC, Pereira E, Pintado 

ME, Malcata FX (2008) Atomic force 

microscopy study of the antibacterial ef-

fects of chitosans on Escherichia coli and 

Staphylococcus aureus. Ultramicroscopy. 

108(10): 1128–1134. 

http://jad.tums.ac.ir/


J Arthropod-Borne Dis, Dec 2022, 16(4): 325–339                                                                      E Cheraghi et al.: Structure and … 

339 
 

http://jad.tums.ac.ir 

Published Online: Dec 31, 2022 

47. Shin CS, Kim DY, Shin WS (2019) Char-

acterization of chitosan extracted from 

Mealworm Beetle (Tenebrio molitor, 

Zophobas morio) and Rhinoceros Beetle 

(Allomyrina dichotoma) and their anti-

bacterial activities. Int J Biol Macromol. 

125: 72–77. 

48. Másson M, Holappa J, Hjálmarsdóttir M, 

Rúnarsson ÖV, Nevalainen T, Järvinen 

T (2008) Antimicrobial activity of piper-

azine derivatives of chitosan. Carbohydr 

Polym. 74(3): 566–571. 

49. World Health Organization (2003) Manual 

for the laboratory identification and an-

timicrobial susceptibility testing of bacte-

rial pathogens of public health importance 

in the developing world. Geneva: World 

Health Organization. p. No. WHO/CDS/ 

CSR/RMD/2003.6359.  

http://jad.tums.ac.ir/

