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Abstract 

 

Chitosan is a linear polymer obtained from chitin through a deacetylation 

process. Chitosan has several excellent properties including non-toxicity, 

adsorption, biocompatibility, and biodegradability. Chitosan was synthesized 

from squid pen waste through demineralization, deproteinization, and 

deacetylation. The results of the study show that squid pen is composed of 

the following: protein 5.26 ± 0.25%, lipid 0.32 ± 0.02%, carbohydrate 0.12 ± 

0.007%, moisture 8.9 ± 4.10% and ash 0.45 ± 0.21%. The chitosan showed 

maximum activity against Pseudomonas sp giving 3.31 ± 9.94 mm inhibition 

zone. 
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Introduction 

Natural bioactive substances have the least side effects compared to synthetic 

products. Most antibiotics are derived from terrestrial organisms, but it is the marine 

world that is providing the pharmaceutical industry with the next generation of drugs. 

Biomolecules from seemingly simple marine organisms such as blue-green algae, 

sponges, and squid provide new ideas to inspire drug development. 

Chitosan is a linear polysaccharide that is produced from the deacetylation process of 

chitin. Chitosan has excellent properties such as non-toxicity, adsorption, 

biocompatibility and biodegradability. Thus it can potentially be used in many fields 

such as medicine, wastewater treatment, agriculture, and the food industry. Therefore, 

chitosan has numerous properties such as antifungal, antimicrobial, antitumor, 

antioxidant, immune stimulating, anti-inflammatory, and antidiabetic effects. It has 
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been widely developed for various biomedical applications such as tissue engineering, 

bone, nerve, skin, wound healing, and burn wound treatment. 

The squid pen chitosan is classified as β-from (Elieh-Ali-Komi and Hamblin, 2016). 

Chitosan can be converted into COS with antioxidant and antimicrobial activities and 

can be used as a preservative in some foods, especially lipid oxidation or perishable 

foods. Low molecular weight chitosan (2.8-87.7kDa) has significantly improved 

solubility and functional activity over high molecular chitosan (604-931 kDa) 

(Laokuldilok et al.2017). 

The extraction efficiency of bioactive compounds depends on, among other factors, 

the extraction solvent (Ngo et al., 2017). Most solvents used to extract bioactive 

compounds from cephalopods are aqueous solution of ethanol, methanol, acetone, and 

hexane; for example, ethanolic extracts of squid (Loligo duvauceli) ink exhibited 

higher antioxidant activity than hexane extracts (Fatimah and Rabeta, 2017). 

The squid pen by-product generated by the squid processing industry is a transparent 

structure located on the dorsal side of the squid mantle and is approximately the same 

length as the mantle (Yang et al., 2014). The majorsquid species found in Indian 

coastal waters are Loligo duvaucceli, Sthenoteuthis oualaniensis, and Thysanoteuthis 

rhombus. Dry squid pen contains mainly protein (52 to 75g/100g) and chitin, a low 

amount of lipids, lipoproteins, and some minerals (Susana Cortizo et al., 2008). Squid 

pens are an inexpensive by-product of squid processing typically sold at US$0.3/kg 

(chen et al., 2012). 

The present study reports the biochemical characterization, antibacterial activity, 

antioxidant potential, larvicidal potential and protease activity of the chitosan 

extracted from the pen of squid (Doryteuthis opalescens) 

 

 

Methodology 

Collection of squid pen 

Squid pen (Doryteuthis opalescens) was collected from a fish market in Marthandam, 

Tamilnadu. The squid pen was washed thoroughly with water and sun dried. The 

dried material was homogenized in a laboratory mixer, ground and preserved in air 

tight containers until further processing. 

 

Extraction of chitin and chitosan 

The grounded material was taken in a 1000 ml beaker and soaked in boiling 4% 

NaOH for one hour. Squid pen samples were cooled at room temperature for 30 

minutes. 

 

Demineralization 

The squid pen was demineralized using a 1% HCl solution. Samples were soaked for 

24 hours to remove the minerals. The remaining particles were cleaned with distilled 

water. 
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Deacetylation 

Chitin obtained in the demineralization step was deacetylated in a 50% NaOH 

solution and then boiled at 100°C for 2 hours on a hot plate. The sample was cooled at 

room temperature for 30 minutes. Samples were then washed with 5% NaOH and 

filtered. The sample was thoroughly washed with water to remove excess water and 

dried. The samples were then left uncoated and dried in an oven at 110° C. for 6 

hours. The final dry material is chitosan. 

 

 

Biochemical characterization 

Estimation of protein 

Proteins were evaluated according to the method of Lowry et al. (1951). A sample 

weighing 0.5 g was ground in a mortar with the addition of 10% TCA to precipitate 

proteins and centrifuged at 5000 rpm for 10 minutes. The supernatant was decanted 

and the precipitate was analyzed. Solution A was prepared by adding 75 ml of 0.1N. 

NaOH solution and 2 g of sodium carbonate. Solution B was prepared by adding 0.05 

g of copper sulfate and dissolving it in 5 ml of distilled water. Solution C was 

prepared by adding 1 ml of Solution B to 49 ml of Solution A. Then, 0.6 ml of folin 

ciocalteu reagent was added rapidly with immediate stirring. The solution was 

incubated at room temperature for 20 minutes and read at 620 nm against the 

corresponding blank. 

 

Protein content = 
OD of sample

OD of standard
 × 0.1 

 

Estimation of lipid 

Lipids were evaluated according to the following method (Folch et al., 1957). 0.5 g of 

chitosan was weighed out and homogenized with a mixture of chloroform-methanol 

(2:1). 0.5ml sodium chloride was added to remove the non-lipid contamination and 

centrifuged. The upper phase and middle precipitate were removed. The extracted 

lipids were weighed and calculated. 

 

Estimation of carbohydrate 

Carbohydrates were measured colorimetrically (Dubois et al., 1956) using the Antron 

reagent. 0.5 g of chitosan was taken and ground well with 2 ml of TCA. The content 

was centrifuged at 4000 rpm for 5 minutes. Then, 5 ml of anthrone reagent was added. 

The solution was kept in a boiling water bath for 10 minutes and cooled. A blank 

containing 1 ml glucose was prepared. The absorbance was read at 620 nm. 

 

Estimation of moisture 

Moisture content was determined gravimetrically (Blacke and Hartge 1965) 0.5 g of 

chitosan was placed in an oven at 110°C and dried for 3 hours. Weight was calculated 

using the formula 

 

Moisture content (%) = 
Intial weight−After drying weight

Intial weight
 × 100 
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Estimation of ash 

Ash content was determined by a laboratory muffle furnace method. 0.5g of sample 

was put into a crucible and put into a muffle furnace and was maintained at 575±10°C 

for 6 hours. After coolling, the ash present was calculated as 

 

Ash (%) = 
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐴𝑠ℎ (𝑔)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 (𝑔)
 × 100 

 

Larvicidal Activity 

To analyze the effectiveness of chitosan as a potential larvicide. The III and IV instar 

larvae of culex and Aedes mosquitos were exposed to varying concentrations of the 

prepared chitosan extract. The mortality rate was recorded every 3 hours until 24 

hours. 

 

Antibacterial Activity 

Antibacterial activity was measured by the well diffusion method. 25 ml of molten 

Mueller-Hinton agar was poured into a sterile petri dish. Plates were allowed to 

solidify after 18 hours of growth. 100 μl of pathogenic bacteria were transferred to the 

plate and cultured using a sterile L-rod spreader. A 5 mm diameter hole was made in 

the agar after adding the pathogenic microorganisms for 5 min with a sterilized cork 

borer. Test samples were dissolved in sterile saline and placed in wells. Saline was 

used as a negative control and azithromycin (30 μg/ml) was used as a positive control. 

Plates were incubated at 37° C. for 24 hours. Antibacterial activity was determined by 

measuring the diameter of the zone of inhibition around the well using a squid pen in 

the antibiotic zone. 

 

Protease activity 

Protease was determined according to the method of Anson (1938). 100 ml of the 

enzyme extract was mixed with the substrate prepared in buffer and incubated at 37° 

C. for 30 minutes. After 30 min incubation, trichloroacetic acid TCA (10%) was 

added to attenuate the reaction. This mixture was filtered and the released amino was 

determined as tyrosine according to the method of Folin and Ciocalteau (1929). 

 

Dye decolourization 

Solutions were prepared by adding various concentrations of chitosan. Samples were 

taken on day 0 at 24-hour intervals for 9 days and the OD of the samples was 

determined. A 3 ml sample was taken from each flask under sterile conditions. The 

suspension was centrifuged at 6000 rpm for 15 minutes. Absorption spectra of 

supernatants were recorded in λ max 500 medium using a spectrophotometer. 

 

Decolourization (OD) = 
OD of zero day−OD of sample

OD of zero day
 × 100 

 

Antioxidant activity 

The free radical scavenging activity of the methanol extract was measured by using 

DPPH (1,1 diphenyl 2 picryl -hydrazyl). 0.1N solution of DPPH in methanol was 
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prepared and 1ml of this solution was added to 3 ml methanol extract and reference 

compound (500 and 1000/ml) at various concentrations. After 30 minutes, the optical 

density was measured at 517 nm. Ascorbic acid was used as a reference substance. 

Percentage inhibition was calculated by comparing the uptake of the compound 

(control) and sample. 

 

DPPH Scavenging effect (%) = (A0-A1) A0 х 100 

 

Where, A0 is the absorbance of the control at 30min. Aֽ is the absorbance of the 

sample at 30 min. 

 

 
 

Plate 1. Doryteuthis opalescen 

 

          
 

                            a) Squid pens                               b) Squid pen Chitosan 

 

Plate 2. Extraction of Chitosan 
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Table 1. Biochemical composition of chitosan 

 

S. No Assay ± SD 

1 Protein 5.26 ± 0.25 

2 Lipid 0.32 ± 0.02 

3 Carbohydrate 0.12 ± 0.007 

4 Moisture 8.9 ± 4.10 

5 Ash 0.45 ± o.21 

 

Table 2. Larvicidal activity 

 

S. No Chitosan dosage(mg/l) Mortality rate (Hours) 

3 6 12 20 24 

1 0.5 1 2 6 8 10 

2 1.0 1 3 5 9 10 

3 1.5 4 6 8 10 - 

4 2.0 5 7 10 - - 

5 2.5 6 9 10 - - 

 

Table 3. Antibacterial activity 

 

S. No Pathogens Zone of inhibition 

Chitosan Control 

Azithromycin Ethanol 

1 Bacillus sp 2.79 ± 0.01 20.17 ± 0.148 19.13 ± 0.02 

2 Proteus sp 2.55 ± 0.03 17.47 ± 0.015 15.31 ± 0.015 

3 Pseudomonas sp 3.31 ± 9.94 15.64 ± 0.009 13.24 ± 0.081 

 

 
 

Graph 1. Antibacterial activity 
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Table 4. Protease activity 

 

S. No Sample Activity of protease 

1 A 0.643 U 

2 B 0.639 U 

3 C 0.652 U 

 

Table 5. Dye adsorption 

 

Days Percentage of decolourization (%D) 

0.1 0.2 0.3 0.5 

0 0 0 0 0 

3 27.12 27.94 27.94 28.76 

6 28.21 29.31 29.86 33.97 

9 33.69 35.34 36.16 36.98 

 

Table 6. Antioxidant activity 

 

Sample 

concentration (mg/l) 

Percentage inhibition of PPPH free radial 

Methanol Ethyl acetate Hexane Ascorbic acid 

100 32.70 30.18 20.62 23.27 

200 32.95 30.44 21.00 23.52 

300 33.20 30.44 21.38 23.89 

400 33.45 31.44 21.88 24.40 

500 33.96 31.94 22.13 24.77 

 

 
Graph 2. Antioxidant activity 
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Results 

The result of the characterization test of chitosan from squid gladius (Doryteuthis 

opalescens) fish squid pens from table 1 shows that the extracted chitosan has an 

average protein content of 5.26 ± 0.25% out of the 2 samples analyzed. The lipid 

content was estimated as 0.32±0.02%. The average carbohydrate content was formed 

to be 0.12 ± 0.007%. Moisture content was as 8.9 ± 0.03% and the ash content was 

found to be 0.45 ± 0.21. 

Larvicidal activity of the chitosan again Aedes aegypti larval instars is given in table 

2.100 % mortality was 2.5 mg/l recorded by mg/l chitosan within 9 hours of exposure, 

whereas 0.5mg/l chitosan should 100% mortality after 20 hours. (Table 2). 

The antibacterial activity of the extracted chitosan samples against gram-negative and 

gram-positive bacteria are shown in table 3 and graph 1. Aqueous extract of chitosan 

extract was maximum (3.31 ± 9.94) against pseudomonas sp., whereas it was for 

Bacillus sp. The ethanolic extract of chitosan gave larger inhibition zones. It was 

against Bacillus sp. And against proteus sp. Azithromycin (positive control) gave the 

maximum inhibition zones for all three bacterial species tested and the maximum was 

recorded 

The protease activity of the chitosan is given in table 4. The maximum protease 

activity of 0.652 U was recorded by sample C. 36.95 % of dye decolourization was 

given by 0.5 g of chitosan after 9 days of treatment, whereas only decolourization was 

shown by chitosan (Table 5). 

The antioxidant activity of extracted chitosan is represented in table 6, which showed 

a maximum scavenging activity was 33.96 % at 500 mg/l. 

 

 

Discussion 

The waste of fish processing by-products has enormous potential. There is a growing 

demand to make the most of a large number of by-products of fish processing, not 

only as a source of untapped biologically active molecules, but also to minimize 

associated environmental issues (Suresh and Prabhu, 2012). In this study, squid pen 

was used as a chitosan extraction source. The chitosan was tested for its utilization as 

an antibacterial, larvicidal, and dye degradation potential. Squid pen protein 

composition is 5.26 ± 0.25g/100g, carbohydrate is 0.12 ± 0.007g/100g. In a similar 

study by Remyakumari et al. (2018) biochemical profiling of Indian squid (U. 

duvauceli) revealed n importnt composition of essential nutrients such as protein 

(17.5%) and 0.52% of fat. 

Hydroxyradials are the most reactive form of oxygen produced by biological systems 

and can readily penetrate cell membranes, damaging nearly every molecule found in 

living cells (Hulcin, 2006). Chitosan extracted in this study showed significant 

antioxidant activity. An increase in antioxidant activity was noted with increasing 

concentration. A similar trend was found in Zhao et al. (2011). 

As for the antibacterial activity, the chitosan showed highest activity against 

Pseudomonas sp. It has an inhibition zone of 3.31 ± 9.94 mm. The zone of inhibition 

was much smaller compared to the zone obtained for azithromycin (positive control). 

A similar observation was made by Nirmale et al. (2002) while studying the 
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antibacterial activity of the Indian squid Loligo duvaceli. Mochizuki (1979) reported a 

similar antibacterial effect of squid ink against S. aureus (zone of inhibition 10 ± 0.15 

mm). 

 

 

Conclusion 

In this study, it is found that the chitosan from squid pen (Doryteuthis opalescens) can 

be a source of bioactive compounds capable of antibacterial activity, antioxidant 

activity, protease activity, and larvicidal activity. On the basis of the results obtained, 

chitosan from the squid gladius with presumed antioxidant properties may be used as 

a source of antioxidants and a possible food supplement or an ingredient in the 

pharmaceutical industry. 
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