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ABSTRACT

Chitin and chitosan are unique and typical marine
polysaccharides waiting for future development and have been
attracted the interest of many researchers from various
disciplines. Chitin and its derivatives exhibit a variety of
physicochemical and biological properties resulting in
numerous applications. Chitin and chitosan are manufactured
commercially on a large scale from the outer shells of
shrimps, lobsters and crabs. In this present study to find out a
novel source for natural antimicrobial ‘chitosan’, from the
shell of mangrove crab Sesarma plicatum which was
characterised by FT-IR spectroscopy. The present study
represents the first attempt to investigate chitin and chitosan
extracted from mangrove crab S. plicatum shell and the yield
of chitin and chitosan from the S. plicatum shell was found as
18.46% and 41.37% respectively. The FT-IR spectrum of
chitin 11 major peaks between 407 and 3404cm™ and chitosan
6 peaks between 408.04 and 3914.81cm™ was isolated from
the mangrove crab of S. plicatum was obtained and compared
with that of standard chitin 15 major peaks lying between
530.11 and 3766.27cm™ and chitosan 8 major peaks lying
between 523.90 and 3434.37cm™. The antibacterial activity of
chitin and chitosan was showed the maximum zone of
inhibition (7mm) was recorded in Micrococcus sp strain and
minimum zone of inhibition (lmm) was observed in V.
parahaemolyticus bacterial strain. The antifungal activity of
maximum and minimum zone of inhibition (5mm & 2mm)
was observed in Rhizopus sp fungal strain. From the above
observation it is clear that the body shell of S. plicatum with
rich chitin and chitosan value it can be used for alternate
source as agriculture, medicine, pharmaceuticals, food
processing, environmental protection, and biotechnology
industry.
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INTRODUCTION

Chitin, which is the second most abundant natural polysaccharide on earth after cellulose, is
the structural component of the exoskeletons of crustaceans, insects, mushrooms and cell
walls of certain fungi and green algae [1, 2]. The amount of chitin with respect to dry weight
is the highest in crustaceans. Hence, crustacean shells are regarded the main source of chitin
for the chemical industry [3]. Chitin is insoluble in water, in every common organic solvent
and in acidic, basic and neutral aqueous solutions [4]. Chitosan (poly-p-(1 — 4) N-acetyl-D-
glucosamine), is the N-deacetylated derivative of chitin. A precise nomenclature with respect
to the degree of N-deacetylation has not been defined between chitin and chitosan [5].
Chitosan is insoluble at neutral and alkaline pH, but is soluble in inorganic and organic acids
including acetic, formic, lactic, hydrochloric, and glutamic acids. However, the chemical and
biochemical reactivity of chitosan is higher than that of chitin since chitosan has free amino
groups distributed regularly in its molecular chain [6]. Chitosan exhibits a variety of
physicochemical and biological properties and therefore can be used in various fields such as
the edible film industry, as additives to enhance nutritional quality of foods, for the recovery
of solid materials from food processing wastes, and in the purification of water [2]. The
properties that make chitosan commercially important are its biodegradability,
biocompatibility in both, plant and animal tissues, non-toxicity and allergenicity, and the
ability to transform into gels, beads fibers, colloids, films, flakes, powders and capsules [7, 8].
Additional exclusive characteristics of chitosan are its nondigestibility and bland taste that
make it an excellent choice as a food additive component, predominantly in the preparation of
low-calorie foods [9]. Chitosan and chitosan-based materials can be used as edible films or
coatings. So far, edible coatings made from chitosan have been used on various foods such as
tomatoes [10], Emmental cheese [11] and raw shrimps [12]. Chitosan films are tough, long-
lasting, flexible, and difficult to tear [13]. In a study completed by [14], chitosan coatings, on
fruits and vegetables, modified the internal atmosphere, thereby delaying ripening and
decreasing transpiration. [15] Proven that chitosan films have moderate water permeability

and could enhance the storage life of fresh products and foodstuff with high water activity.

Chitin and its derivatives are interest of research because they have various biological
activities and can be used in various applications such as immunoadjuvant, wastewater
treatments, and agrochemicals uses [16]. Chitin and chitosan are manufactured commercially
on a large scale from the outer shells of shrimps, lobsters and crabs [8].
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Shrimp and crab shells contain chitin, protein and inorganic compounds (mainly composed of
calcium carbonate) [17, 16]. Chitosan, the deacetylated derivative of chitin, is one of the
abundant, renewable, non-toxic and biodegradable carbohydrate polymers, and available
largely in the exoskeletons of shellfish and insects. Therefore, chitosan has received much
attention as a functional biopolymer for diverse applications, especially in pharmaceuticals,
foods and cosmetics. These functions have been revealed to be dependent not only upon their
chemical structure but also their molecular size. Especially in medicine and food industry, the
application of the natural polysaccharide is limited since its high molecular weight results in
low solubility in acid free aqueous media. Traditional methods for the preparation of chitin
include demineralization and deproteinization of the raw materials with strong acids and bases
(e.g. HCI and NaOH) [18, 16]. The production of chitin and its hydrolyzed derivatives, such
as acetylglucosamine and chitooligosaccharide, from waste of the shellfish industry has been
limited due to the high cost of chitinase and the shrimp and crab shell pretreatment process
[18].

Chitin and chitosan oligomers are known to have various biological activities including
antitumor activities [19], immune-enhancing effects [20], protective effects against infection
with some pathogens [21], anti-fungal activities and antimicrobial activities [21]. Chitosan
can inhibit the growth of a wide range of bacteria. This is due to the fact that chitosan
possesses a high antibacterial activity, a broad spectrum of activity, a higher killing rate, and
lower toxicity toward mammalian cells [22]. Several researches have been carried out to
assess the antimicrobial activity of crab shell extract on various microbes but none has been
done to assess its effect on fish pathogens. Therefore, this study not only aims to isolation of
chitin and chitosan from mangrove crab S. plicatum and its characterization; to detect the
antimicrobial activity of crab shell extract on fish pathogens, but also to highlight the

economic importance of crab shell which will bring into notice to the Government of India.
MATERIALS AND METHODS
Extraction of chitin and chitosan

Mangrove crab S. plicatum species was collected from Thengaithittu Pondicherry region (Lat.llo

54’ 23.1 N, Log 790 48; 54.7”E); east coast of India. The shell obtained after the removal of body

tissue was washed, air-dried and pulverised using pestle and mortar. Chitin was extracted from the
shells of a mangrove crab, S. plicatum by demineralization and deproteinization. The pulverised
shell was treated with 2N HCI for 24 hours to remove the mineral content and then treated with
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IN NaOH at 80°C for 24 hours to remove protein [23]. The extracted chitin was converted into
chitosan through deacetylation process [24]. Chitin was deacetylated in 40% aqueous NaOH
by heating under reflux for 6 hours at 110°C and was cooled at room temperature. The
obtained precipitate was washed with distilled water and stood for 12 hours at room
temperature with constant stirring in 10% acetic acid solution. The pH was adjusted to 10
with 40% NaOH solution. The solution was dialyzed against deionized water for 24 hours.
The product was centrifuged at 10,000 rpm for ten minutes and lyophilized to give chitosan.

FTIR (Fourier Transform-Infra Red) spectrum analysis

The dry samples of Chitin and chitosan (10mg) was mixed with 100mg of dried potassium
bromide (KBr) and compressed to prepare as a salt disc. The disc was then read
spectrophotometerically (Bio-Rad FTIR-40-model, USA). The frequencies of different
components present in each sample were analyzed.

Antimicrobial assay

Chitin and chitosan sample was tested for inhibition against the fish pathogenic bacteria
(Aeromonas hydrophila, Vibrio parahaemolyticus, V. cholerae, Micrococcus sp., and
Streptococcus sp.,) and fungi (Aspergillus flavus & Rhizopus sp.,). Microbial assay were
carried out by disc diffusion technique [25]. Pathogenic strains were inoculated in sterile

nutrient broth and incubated at 37°C for 24h. Pathogens were swabbed on the surface of the

Muller Hinton Agar and Czapex Dox Agar plates and discs (Whatman No.1 filter paper with
6 mm diameter) were impregnated with the 50 pl of Chitin and chitosan sample on the
surface. Control discs were placed with antibiotic on pathogens. The plates were incubated at

37°C for 24 h and the antimicrobial activity was measured based on the inhibition zone

around the disc impregnated.

RESULTS

The present study represents the first attempt to investigate various physiochemical properties
of chitosan extracted from mangrove crab S. plicatum shell. The yield of chitin and chitosan is
varying in different animals of the same group or different groups. In the present study the
yield of chitin and chitosan from the S. plicatum shell was found as 18.46% and 41.37%
respectively.

The FT-IR spectrum of chitin and chitosan was isolated from the mangrove crab of S.

plicatum was obtained and compared with that of standard chitin and chitosan. The FT-IR
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spectrum of standard chitin showed 15 major peaks lying between 530.11 and 3766.27cm™;
whereas the FT-IR spectrum of chitin of S. plicatum recorded only 11 major peaks between
407 and 3404cm™ (Fig.1 and 2). The FT-IR spectrum of the standard chitosan reported 8
major peaks lying between 523.90 and 3434.37cm™; whereas the FT-IR spectrum of the

chitosan sample from mangrove crab of S. plicatum recorded 6 peaks between 408.04 and

3914.81cm™ (Fig. 3 and 4).
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Figure 1. The FT - IR spectrum of standard chitin

Figure 2. The FT - IR spectrum of chitin from S. plicatum mangrove crab
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Figure 3. The FT - IR spectrum of standard chitosan
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Figure 4. The FT - IR spectrum of chitosan from S. plicatum mangrove crab

In present study the zone of inhibition in different bacterial strains against chitin and chitosan
was showed in (Fig. 5). Among the various bacterial strains maximum zone of inhibition
(7mm) was recorded in Micrococcus sp strain and minimum zone of inhibition (Imm) was
observed in V. parahaemolyticus bacterial strain. The antifungal activity of maximum and
minimum zone of inhibition (5mm & 2mm) was observed in Rhizopus sp fungal strain. The
positive control (antibiotic) was observed activity against all the microbial strains tested; the
maximum activity against V. parahaemolyticus (6mm).
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Figure 6. Plate 1 antibacterial & plate 2 antifungal activities
DISCUSSION

Natural and non-toxic biopolymers chitin and chitosan are now widely produced
commercially from crab and shrimp waste shells. During the past few decades, chitin and
chitosan have attracted significant interest in view of a wide range of proposed novel
applications. Their unique properties, biodegradability, biocompatibility and non-toxicity
make them useful for a wide range of applications [26]. Chitin is mainly used as the main raw
material to produce chitin derived products, such as chitosans, oligosaccharides, and
glucosamine [27]. There are now over 2,000 concrete applications, and the field of nutrition is
the largest user of chitosan with 1000 tons consumed in 2000. The industrial worldwide
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production of these derivatives in year 2000 is estimated to be above 10,000 tons [28]. Chitin
and chitosan show excellent biological properties such as non-toxicity [29], which is
illustrated by a dose limit of 17 g kg™ day™ [30], antibacterial [31], since it offers excellent
biocompatibility and biodegradation profile in physiological environment. Chitin is also used
as an excipient and drug carrier in film, gel or powder form for applications involving

mucoadhesivity.

Crabs are defined as a biological indicator in the ecological studies. Among the 4500 species
of crab over the world, only 22 crab species have been economically evaluated [32]. Many
researchers have been carried out on biological, systematic, anatomic and morphological
characteristics and food chemistry of crabs [33]. The exoskeleton of crustacean is the most
important industrial source for production of chitin now-a-days. All over the seas of the
world, the amount of this biopolymer is estimated to be 1.560 million tons. In every year,
about 100 billion tones of chitin are produced by crustaceans, mollusks, insects, and fungi.
Annual synthesis of this polysaccharide in freshwater ecosystem is estimated to be about 600
million tons [34]. The crabs whose 1000 species exist in the marine water can be evaluated as
an important source of chitin indicated that the production of chitin and chitosan is currently
based on crab discarded by [35]. The present study represents the first attempt to investigate
various physiochemical properties of chitosan extracted from mangrove crab S. plicatum
shell. The yield of chitin and chitosan is varying in different animals of the same group or
different groups. In the present study the yield of chitin and chitosan from the S. plicatum
shell was found to be 18.46% and 41.37% respectively. [36] Reported that the isolation of
chitin and chitosan from shells of crab Sylla cerrata, lobster Panulirus ornatus, prawn
Paeneaus indicus was 12.0%, 23.0%, 15.7% and 28.0% respectively; the yield of chitosan
was 66.0%, 74.6% 74.3% and 75.0% from chitin. [37] Recorded that the chitosan yield of
crab shell was determined as 4.65% from grinded crab shell after demineralization (yield is
34.32%), deproteinization (yield is 7.25%), decoloration (yield is 6.83%) and deacetylation
processes. [38] Reported that chitin content of crab (Chionoecetes opilio) is around 10.6%.
Content of chitin was determined as 14% in blue crab [39], in Chinoecetes opilio and
Pandalus borealis between 17 and 32.2% [40]. It has been reported that the differences in the
quantities of chitin between different crabs varied according to the species and season [41]. It
is generally accepted that 20-30% of crustacean waste is chitin [42]. The yield of chitin and
chitosan from mangrove crab S. plicatum was high and low when compared to that of other

crustaceans, which may be due to the high chitosan content of the crab shell.

Citation: D. Sakthivel et al. Ijppr.Human, 2015; Vol. 4 (1): 12-24.



www.ijppr.humanjournals.com

The FT-IR spectrum of chitin and chitosan was isolated from the mangrove crab of S.
plicatum was obtained and compared with that of standard chitin and chitosan. The FT-IR
spectrum of standard chitin showed 15 major peaks lying between 530.11 and 3766.27cm™;
whereas the FT-IR spectrum of chitin of S. plicatum recorded only 11 major peaks between
407 and 3404cm™. The FT-IR spectrum of the standard chitosan reported 8 major peaks lying
between 523.90 and 3434.37cm™; whereas the FT-IR spectrum of the chitosan sample from
mangrove crab of S. plicatum recorded 6 peaks between 408.04 and 3914.81cm™. [43]
Reported that the infrared spectrum of chitin showed the absorbance bands of 3419.67 cm™ &
858.98 cm™ and chitosan showed the absorbance bands at 3431.29 cm™ & 608.22 cm™. The
region between 3000 cm™ and 3500 cm™ shows the stretching of OH groups. This band is
broad because of the hydrogen bonds. The OH band overlaps the stretching band of NH.
Another significant change is observed in the region from 1000 cm™ to 1200cm™. In this
region chitosan presents a broad band centered at 1084.93 cm™ associated with the stretching
of C=0. The studies in the literature about FTIR spectroscopy related with chitosan showed
some characteristic peaks, which are at 2940 cm™ (-CH3, ~CH2), 1655 cm™ (C=0 stretch
vibration of secondary amide | band), 1555 cm™ (N—H bending vibration of amide Il band),
1570 cm™ (N—H bending vibration of primary amides) and 1070 cm™ (C-O stretching) [44].
FTIR analysis reveals the presence of antimicrobial compound signals at different ranges. The
research of the mangrove crab S. plicatum chitosan has medicinal value due to high quality of

antimicrobial compounds.

Chitosan can inhibit the growth of a wide range of bacteria. This is due to the fact that
chitosan possesses a high antibacterial activity, a broad spectrum of activity, a higher killing
rate, and lower toxicity toward mammalian cells [22]. In present study the zone of inhibition
in different bacterial strains against chitin and chitosan was showed. Among the various
bacterial strains maximum zone of inhibition (7mm) was recorded in Micrococcus sp strain
and minimum zone of inhibition (1mm) was observed in V. parahaemolyticus bacterial strain.
The antifungal activity of maximum and minimum zone of inhibition (5mm & 2mm) was
observed in Rhizopus sp fungal strain. The positive control (antibiotic) was observed activity
against all the microbial strains tested; the maximum activity against V. parahaemolyticus
(6mm). [45] Studied the antimicrobial effects of chitosan in a liquid medium after incubation
at 30°C for 24 hrs, Pseudomonas fragi, B. subtilis and S. aureus were inhibited by 0.01%
chitosan whereas E. coli was inhibited at 0.1%. Lactobacillus plantarum and P. pentosaceus

were also inhibited at 0.1% chitosan. [46] Reported that the antimicrobial activity of crab
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shell extract the average minimum inhibitory concentration of Klebsiella pneumoniae was
determined to be 10.42 pg/ml and the activity of the 1% acetic acid used. Minimum lethal
concentrations MLC can be defined as the lowest concentration of a toxic substance in an
environmental medium that Kills individual organisms or test species under a defined set of
conditions [47]. [48] Studied the effect of three different concentrations of chitosan (0.5, 1.0
and 2.0%) on four different bacteria (L. monocytogenes, S. entericserovar, S. aureus, and S.
cerevisiae) using a suspension test and a surface test procedure. [49] Studied the antimicrobial
effects of chitosan using chitosan acetate, a derivative of chitosan. Chitosan acetate exhibited
significant inhibitory activity against various food-borne enteropathogenic bacteria including
E. coli, V. vulnificus, Shigella sonnei, S. typhi and S. enteritidis by measuring the minimum
bacterial growth inhibitory concentrations (MICs) and bacterial survival fraction. To improve
the antimicrobial action of chitosan films, other preservatives can be incorporated, such as
organic acids. Chitosan was exhibited significant inhibitory activity against various
pathogenic bacterial and fungal strains. Chitosan is antimicrobial against a wide range of
target organisms. Activity varies considerable with the type of chitosan, the target organism

and the environment in which it is applied.

Pharmaceutical industry is in need of different types of chitosan presently available in the
market which are to be refined further more to meet the required standards. For instance
Chitosan used in the wound healing and scaffolds must be in the form of oligomeres having
low molecular weight in former case whereas later ones need more proliferated structure and
high molecular weight for tissue engineering. The importance of the biopolymer chitin and
chitosan resides in their biological (biodegradability, biocompatibility and non-toxicity) and
physicochemical properties (degree of acetylation and MW). These unique properties offer
much potential applications in many fields. The recovery of chitin by chemical method
using concentrated acids and bases in order to deproteinize and to demineralize shellfish
shells (the most industrially exploited) at high temperature can deteriorate the
physicochemical properties of this biopolymer and consequently their biological properties
and gives rise to products of varying quality, not reproducible and non homogeneous.
Studies on chitin and chitosan from crab in India are limited particularly in mangrove crabs.
This might be due to lack of awareness on benefits of these chitosan particularly from
mangrove crab. The results of the present study provide information about the chitin and
chitosan composition, but also suggest the consumption of this mangrove crab tissue. It is

rich in chitin and chitosan. Further, the presence of chitin and chitosan in S. plicatum shell
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adds more value through the possibility. From the above observation it is clear that the shell

body of S. plicatum with rich chitin and chitosan value can be used for alternate source as a

agriculture, medicine, pharmaceuticals, food processing, environmental protection, and

biotechnology industry.
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