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Abstract

Chitin is the most versatile and promising biomaterial after cellulose which can primarily be isolated from crustacean exo-
skeleton. It has great economic values because of their excellent chemical and biological properties, and their biomedical
and industrial applications. This research work aims to report the yield and quality of chitin which has been isolated from
crustacean’s waste of shellfish industry of Pakistan using chemical method alternating sodium hydroxide, hydrochloric acid,
and hydrogen peroxide. The physicochemical properties of chitin extracted from shrimps were compared with commercial
standard chitin (C9213) procured from Sigma-Aldrich. The yield obtained of isolated chitin was 23.78% with ash and mois-
ture contents of 0.05% and 6.3% respectively. A low percentage of moisture and ash contents in isolated chitin indicate the
efficiency of the extraction protocol employed. This shrimp’s chitin compares with standard chitin using FTIR spectroscopy,
proton solid-state NMR ("HSSNMR), X-Ray diffraction (XRD), Scanning electron microscopy (SEM). The thermal behavior
of chitin (both standard and samples) was checked with thermo-gravimetric analysis (TGA) and differential scanning calo-
rimetry (DSC). Both standard and extracted samples of chitins exhibited similar physicochemical and structural properties.
The biological behavior of samples was also checked with different biological activities, which showed much dependence
on the structure and concentration of samples.
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Introduction

Aqua wastes are accessible in a large quantity in the environ-
ment, which has the potential for valuable products. During
the last few decades, almost 7.3 million tons of biomass
wastage has been produced every year [1-3]. If this wastage
not treated properly exerts a negative impact on the environ-
ment because of their high biological and chemical oxygen
demand (BOD, COD), fat-oil-grease (FOG), organic matter,
pathogen, total suspended solids, and other nutrients etc.[4,
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5]. However, these aqua wastes are considered as a potential
source of many by-products.

The concept of environment-friendly technologies of by-
products from aquatic organisms may have broad potential to
produce different commercial products that are used in vari-
ous disciplines [6]. Due to less biodegradability of wastage,
almost 70% of fish and shellfish processing plants (viscera,
heads, cut-offs, bone, skin, etc.) convert the wastage into
valuable materials which are used in different fields such
as medicine, water treatment, pharmaceutical, agriculture,
veterinary, fertilizer, and textile [7]. Recently fishery waste
such as shrimps, krill’s, crabs, etc. used for the production
of chitin, dietary supplements, and other biological com-
pounds. These species contain approximately 25% protein,
25-30% chitin, and 40-50% calcium carbonate [8].

Chitin a homopolymer (1 4)-linked-N-Acetyl-D- glucosa-
mine, is the major polysaccharide (after cellulose) found in
crustaceans, insects, and fungi [9]. Globally 10'>10" tons
of chitin is produced every year [10, 11]. Three different
polymorphous (a, B, y), of chitin, are available in nature.
Among all these forms a-chitin is a major naturally available
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form; it can be extracted from the exoskeleton of crustaceans
(crabs, shrimps) and cell wall of fungi [12, 13]. Chitin in the
exoskeleton of crustaceans is closely linked with minerals,
protein, pigments, and lipids that have to be eliminated. Sev-
eral techniques for extraction of chitin have been reported
previously [14, 15] in which biological and chemical tech-
niques are mostly used.

The biotechnological processing of crustacean (shrimps,
crabs) wastes have many advantages like they are a less pol-
luted, cheap, and relatively simple method, but this method
has a huge drawback in which the efficiency of deproteiniza-
tions and demineralization is low as compared to chemical
extraction [16]. The biological method is a time-consuming
process in which microorganisms are grown under specific
conditions (pH, temperature, pressure, etc.). Lactic acid
bacterial fermentation may not be good for physicochemi-
cal properties of extracted chitin as compared to that chitin
which is isolated from chemical processing [17]. Biotechno-
logical processing is performed under laboratory conditions
and thus may not be applicable at a large scale [16, 18].
Generally, chemical extraction seems to be the most effi-
cient way for isolating the purest chitin because in biological
processing impurities easily affect the quality of chitin [19].

At the commercial level, chitin is isolated from crusta-
cean’s shells through chemical methods [4, 20]. The chemi-
cal process for extraction of chitin from crustacean shells
comprises three major steps: (i) removal of the protein
contents in alkaline medium (deproteinization) in which
shells are treated with a dilute solution of KOH or NaOH;
(ii) removal of inorganic contents like salts and minerals
(demineralization) by using dilute HCI solution [21]; (iii)
decolorization is the last main step in which residue treated
with acetone or H,0, [22]. This process can be considered
as a contribution to the biotechnological valorization [23].

Due to excellent properties of chitin such as biodegra-
dability, nontoxicity, biocompatibility, capacity to form a
foam, adsorption, and chelate metal ions make it an attrac-
tive biopolymer which is used in different fields such as
medicine, pharmaceutical, agriculture, textile, food industry
wastewater treatment, and cosmetics [24-27].

In Pakistan, the seafood processing industry rapidly
increases with the growing culture of seafood. During food
processing, disposal of wastage becomes a crucial problem.
From a technological point of view, it would be felt nec-
essary to develop a low cost and less hazardous (towards
environment and biodiversity) chemical procedure which
would be suitable for the extraction of high-quality chitin
form crustacean (shrimps) wastage. So, the purpose of this
study is to utilize this wastage, for the production of valuable
products such as chitin bio-polymeric compound and their
derivatives. Therefore, the present project was planned for
the extraction and purification of chitin from shrimps wast-
age and its evaluation of physicochemical and biological
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properties following the modified novel chemical method
at room temperature. Dissolution of chitin was made with
chain scissoring followed by using combination of solvents
and hence biological activities of chitin have been reported
without converting into chitosan. There are no data con-
cerning the comparison, as the comparative analysis of iso-
lated chitin with that of Sigma-Aldrich is relatively rare.
None of the report is available comparing the properties of
prepared chitin with Sigma-Aldrich grade chitin. The aim
of this research was to utilize the shellfish industrial waste
hence isolation, purification, and characterizations of chitin
from crustacean’s sources in Pakistan was done and results
were compared with that of standard chitin procured from
Sigma-Aldrich. The structural characterization of extracted
chitin and procured chitin (C9213-from Sigma-Aldrich was
done using the FT-IR spectroscopy and Solid-state 'HNMR;
morphological analysis with X-Ray diffraction (XRD) and
scanning electron microscopy (SEM) and thermal properties
using TGA & DSC analysis.

Experimental
Sample Preparation

A huge amount of shrimp, crustacean’s wastage are available
in Pakistan. Crustacean’s waste was collected from the shell-
fish industry (Karachi, Pakistan). Collected exoskeletons
were separated and washed with distilled water, packed in
Ziploc bags and stored in a controlled temperature cooling
cabinet. After 24 h the samples were dried in controlled tem-
perature until the constant weight was obtained. Approxi-
mately 1 kg of the sample (crustacean’s waste) was weighed
by using an automated weighing balance and converted into
powder. The fully grounded skeleton powder was kept in an
airtight jar for extraction.

Extraction of Chitin

For extraction of chitin, the chemical procedure described by
Puvvada et al. [28] was followed with slight modifications.
This established method of chitin extraction has three steps,
i.e., deproteination, demineralization, and, decoloration.

Deproteination

This extraction method was performed at a laboratory scale
by using a 1000 mL beaker. A 100 g powdered sample was
soaked into 2.0 M solution of sodium hydroxide in the ratio
1:10 (w/v) then left for 50 h at 37 °C with constant stirring
during this procedure the pH of the sample was measured
and reported (pH=11.0 to 13.0). After that remaining sam-
ple was filtered out and washed with distilled water until
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neutral pH (pH 6.5 to 7.5) was achieved. Before the dem-
ineralization process, the water was removed in an oven at
50-60 °C temperature.

Demineralization

The deproteinated sample was treated with 1.0 M HCI solu-
tion at room temperature in the ratio of 1:10 (w/v) for 28 h
with constant stirring and the pH of the solution was main-
tained at 1.0 to 3.0. Almost, after 24 h, the emission of CO,
gas was observed which reveals the presence of minerals in
the sample [21]. Furthermore, the more emission of CO, gas
indicated that high quantities of minerals are present in the
sample on the other hand, no emission of CO, gas confirmed
that the demineralization process was completed. Following
the above procedure, the reaction sample was washed with
distilled water until the neutral pH was obtained (pH 6.5 to
8.0). In the next step, the bleaching was followed by drying
of the sample in an oven at 40-50 °C until constant weight
obtained.

De-Coloration

The product obtained after the deproteination and demin-
eralization process can be called as chitin. In the decolora-
tion step, the dried sample was treated at room temperature
with 10% H,0, in the ratio of 1:10 (w/v) with constant stir-
ring until the colorless sample was obtained [29]. After the
removal of all the pigments, the sample was again washed
with distilled water until the neutral pH was obtained. The
final product was dried in the oven at 40-50 °C and stored in
an airtight jar for further use, analysis and characterization.
All the extraction protocol are summarized in Fig. 1

Chitin Yield

The yield (%) of freshly extracted chitin was calculated with
the following formulas which describe the extracted chitin
weight of shrimps relative to the dry weight of total waste
[30].

Dried extracted chitin weight (g)

Chitin extracti ield (%) = x 100
itin extraction yield (%) Total crustacean’s waste (g)

Proximate Analysis of Freshly Extracted Chitin

Proximate analysis was conducted to determine the ash and
moisture contents of chitin. The analyses were carried out
using AOAC standards [31].
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Fig. 1 Flow-sheet for isolation of chitin from crustacean’s waste

Characterization of Freshly Extracted Chitin

The following spectroscopic and other evaluation proce-
dures were followed to characterize the freshly extracted
chitin.

FT-IR Analysis

FT-IR spectra were recorded for freshly extracted chitin on
Bruker-IFS 48 Fourier transform infrared spectrophotometer
(Ettlingen Germany) linked with ATR (Dimond Crystal).
The resolution of the scanner comprised 4 cm™! with several
scans, frequencies ranging from 4000-500 cm™! at room
temperature.

Solid-STATE "H-NMR Analysis
Solid-state one-dimensional 'H-NMR spectrum of freshly
prepared chitin was also recorded by using Bruker BioSpin

GmbH. The spectrophotometer was worked on different fre-
quencies 400.25 Hz at 294.5 K.

X-Ray Diffraction Analysis

A Crystalline or amorphous pattern of freshly isolated chitin
was taken by using Siemens D-5000 X-Ray diffractometer at
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25 °C, with Ka Cu (A=15.4 nm, 40 kV and 30 mA) source
of radiation. The sample scan was recorded in the range of
20=0to 70° at a speed of 2°/min.

Thermo-Gravimetric (TG) and Differential Scanning
Calorimetry (DSC) Analysis

The TG/DSC analysis of isolated and standard chitin was
calculated using SDT Q600 V20.9 Build 20 instrument
techniques in which the sample was heated from room tem-
perature to 650 °C at the heating rate of 10 °C /min with a
continuous flow of dry N, gas.

Scanning Electron Microscopy Analysis

Structural features of the chitin sample were also be ana-
lyzed by using scanning electron microscopy SEM (model
S4800).

Evaluation of Biological Behavior of Freshly
Extracted Chitin

The biological aptitude of biological aptitude, includ-
ing antibacterial, antioxidants, and cytotoxicity of freshly
extracted chitin was studied and reported.

Antimicrobial Activity

A well diffusion method was used to evaluate the antibac-
terial activities of freshly isolated chitin and standard chi-
tin against Escherichia coli and Bacillus subtilis bacteria
[32]. For biological activities 10 mg/ml of chitin solution
was prepared by dissolving the chitin in solvents (a mixture
of N-methyl-2-pyrrolidine (NMP) and dimethyl sulfoxide
(DMSO) with ratio 2:1) with constant stirring at room tem-
perature. For preparation of nutrient agar media almost 30 g
agar was dissolved in 1 L distilled water and shaked until a
homogenized solution was prepared. For sterilization flask
having growth media autoclaved at 120 °C for 15 to 20 min
and cooled at room temperature. The bacterial strains (100
pL/100 mL) poured into growth media and prepared the ster-
ilize Petri plates until the media completely solidify for fur-
ther use. Afterward, 8 mm wells were prepared into the sur-
face of media with a cork borer, and approximately 150 uL
prepared chitin solution was transferred to each well against
the streptomycin drug solution, which was used as a standard
drug. The plate was incubated at 37 °C for 24 h. The zone of
inhibition around the sample was measured in millimeters.
The bacterial activity was performed in triplicates.
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Antioxidant Activity: DPPH Radical Scavenging Activity
Assay

The DPPH (2, 2-diphenyl-1-picrylhydrazyl) radical-scav-
enging activity of freshly extracted chitin as compared to
standard chitin was calculated as described by [33]. The
100pL chitin sample solution which is prepared earlier in
a mixture of N-methyl-2-pyrrolidine (NMP) and dimethyl
sulfoxide (DMSO) solvents was mixed in DPPH solution
with constant shaking. The mixture was incubated in the
dark for 30 min at room temperature and DPPH reduction
activity was measured at 517 nm against the blank sample
in which solvents were used with DPPH solution instead of
chitin. Butylated hydroxytoluene (BHT) used as standard.
DPPH radical scavenging activity was calculated as follows:

Scavenging activity (% )

_ Absorbance of blank sample - Absorbance of prepared sample % 100

Absorbance of blank sample

Hemolytic Assay

Hemolytic assay of freshly prepared chitin and standard
chitin was studied following the established procedure
[34]. A 5 mL fresh human blood was poured into the falcon
tube. The plasma layer was separated after 5 min centrifu-
gation and the remaining blood pellet was washed with
PBS solution, the process repeats three times. A 20 uL
chitin solution and 180 pL of blood cell suspension were
mixed in an Eppendorf tube and again centrifuged. A (100
pL) upper layer of sample and blood mixture was taken
from Eppendorf and 10 times diluted with 900 pL chilled
PBS solution. Then a 100 pL solution from it added into a
culture plate. Phosphate buffer solution (PBS) was taken
as a negative control and Triton-X was used as a posi-
tive control in this process. The absorbance of the chitin
sample was recorded at 576 nm using ELISA plate reader.
The %age of hemolysis was calculated with the following
formula:

Absorb f 1
sorbance of sample % 100

Hemolysis (%) =
emolysis (%) Absorbance of control

Results and Discussion

The present results demonstrate the structural, biologi-
cal, functional, and physicochemical properties of freshly
extracted chitin concerning their commercial standard chitin
(C9213). The collected sample (from the Karachi shellfish
industry) was washed dried and processed (as mentioned
in the experimental section). The chitin was isolated by
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following the three major steps i.e., deproteinization, dem-
ineralization, and decoloration (Fig. 1).

Extraction of Chitin

Chitin is a natural biopolymer found in fungi, crustaceans,
and insects. The chemical analysis showed that shrimp’s
wastage contains about 23.7% of chitin. Therefore, shrimps
considered a major source of chitin production. Chitin is
bounded with different compounds like protein and min-
erals, (calcium carbonate, calcium phosphate, etc.) so, the
extraction of chitin is a very crucial process [35-37]. Dur-
ing the chemical reaction, the protein-chitin covalent bond
complex destroyed with alkali treatment at ambient tempera-
ture [38, 39]. Elemental analysis and clarity of the sample
showed that protein contents decrease by increasing the time
duration for 52 h. In the isolation of chitin from shrimps
waste, 40 to 50% of minerals should be removed in the sec-
ond stage. For removing inorganic contents deproteinized
shrimps exoskeleton, treated with dilute 1.0 M solution of
hydrochloric acid (HCI) at room temperature for 28 h. In the
demineralization process, calcium carbonate is removed at
the initial stage and other inorganic contents are removed
after that. The CO, gas bubbles are produced when acid pen-
etrates the surface of shrimp’s shells. The maximum emis-
sion of CO, gas exhibits that a high quantity of minerals is
present in the sample, so minimal or no emission of CO, gas
confirmed that the demineralization process is completed. In
our study, extracted chitin has a pale yellow color which was
further treated with 10% H,O, for decolorization purpose.
After the completion of the due procedure, the color of iso-
lated chitin is white which indicates the minimum amount of
protein and inorganic contents in the sample [40].

Physicochemical Properties of Chitin

The isolated chitin possessing fewer amounts of ash (min-
erals) and moisture contents are enough in comparison to
commercial international standards [41]. The proximate
composition of chitin varies with species (raw material),
weather conditions, a methodology that follows for the
extraction process, and many other factors [42]. Quality of
chitin depends on the presence of ash and moisture contents,
lower the level of these contents indicates the better quality
of chitin.

The yield of chitin calculated from the biomass mani-
fested that the yield of the chitin depends on the concen-
tration of HCI (less amount of HCI minimum removal of
minerals), extraction time, size of particles, and temperature,
etc. [43, 44]. In this study, chitin is isolated by treating the
sample with alkali and acid possessing a yield of approxi-
mately 23.78% in the total weight of dried shrimps shell
waste presented in Table 1. Srinivasan et al. [45] investigated

Table 1 Physicochemical

. Proximate %Age of contents
pa.re}meters of freshly isolated composition
chitin from crustacean
(Shrimps) source Yield 2378
Ash 0.05
Moisture 6.3

the 30% yield of chitin in dried P. monodon shells. Since
the literature survey revealed that the yield from crustacean
shells (a-chitin) is 7-40% depending on the parent source
[46, 47]. Ash and moisture contents are also tabulated in
Table 1. Ash and moisture contents are analyzed by AOAC
1990 (Association of official analytical chemist) method
[31]. The moisture contents varied in different species,
depending on humidity, the intensity of sunlight, and season
of harvesting [48, 49]. Ash contents indicated the appropri-
ateness of the demineralization process for removing the
mineral (inorganic) contents. Ash contents are found about
0.05% and this is less than that detected by Isa et al. [50].
Studies revealed that the moisture content is 6.3% slightly
lower as compared to the literature [28, 51] which was 9.6%
and 9.34% respectively.

Characterization of Freshly Isolated Chitin
and Commercially Available Standard Chitin (C9213)

FT-IR Analysis

Chemical analysis of chitin showed that shrimps are a good
source for the chitin extraction. FTIR spectrum of the freshly
isolated chitin identified the different functional groups in
the range of 4000 to 400 cm~!. Considering the study of
FTIR, strong peaks observed at 3438 cm™! which indicated
the vibrating and stretching of the hydroxyl (— OH) group,
which is more visible in the chitin spectrum. Bands that
appeared at 3256 to 3100 cm™! show the strong stretching
of N —H group [40]. The absorptions band at 2876 cm™!
detected the stretching vibration of aliphatic compounds
(—CH; and —CH,). There are three bands in spectra which
confirm the presence of a-chitin. Besides, the splitting of
amide I band in isolated chitin spectrum give two bands
at 1651 cm™! and 1618 cm™! which demonstrate the pres-
ence of intramolecular hydrogen bonds of CO - - -HN and
CO - - -HOCH,, and bands at 1552 cm™! and 1375 cm™!
correspond to the bands of amide-II (N—H stretching) and
amide-IIT (C—N bending) respectively [52]. In addition, a
peak appears at 1375 cm™! exhibited the acetamide linkage,
and an intense band at 1000 to 1259 cm™! was attributed
the stretching vibration for (C—O-C) of the 2-(acetylamino)-
2-deoxy-D-glucose ring. The absorption peaks appearing
at 1067 cm™! and 1007 cm™! indicated the presence of
C=O0 and C=C bending vibration, while a peak appeared
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at 895 cm™! indicate the ring stretching for p-1,4 glycosidic
bonds. The FTIR spectra of standard commercial shrimp
chitin (C9213) bought from Sigma-Aldrich is also shown in
Fig. 2. The FTIR peaks of isolated chitin in this study were
very similar to those of standard commercial chitin. All the
reported results regarding the extraction of chitin and its
characterization with FTIR spectroscopy are in accord with
previous studies [43, 52]. It can be concluded and confirmed
from the diamond internal reflection element (IRE) that the
isolated chitin from Crustacean’s waste having an a-chitin
structure.

Solid-State "HNMR Analysis

Solid-state NMR (SSNMR) spectroscopy is a kind of nuclear
magnetic resonance (NMR) spectroscopy characterized by
the presence of anisotropic (directionally dependent) inter-
actions. In solution NMR, spectrum consists of a series of
very sharp transitions, due to averaging of anisotropic NMR
interactions by rapid random tumbling. By contrast, solid-
state NMR spectrum is very broad, as the full effects of ani-
sotropic or orientation-dependent interactions are observed
in the spectrum. Despite the elaborate attempts by physi-
cal chemists to understand the molecular origins of solid-
state polymer properties, all quantitative theories have been
limited to describing general and ideal behavior. With the
advent of methods such as neutron scattering and solid state
nuclear magnetic resonance (NMR) made scientists able to
directly probe the molecular characteristics of polymers in
the solid state. The NMRspectroscopy is a powerful tool
used to characterize the chemical composition of chitin. As
the chitin is not soluble in most common organic solvents,
hence structure of chitin and its purity was evaluated using
solid-state 'HNMR spectroscopy. The 'H solid state NMR
spectra of standard chitin (procured from Sigma-Aldrich)
and the extracted and purified chitin are shown in Fig. 3a and

Fig.2 FTIR spectra of isolated
& standard chitin
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b. In both these spectra, the chemical shift value of protons
attached to sp® hybridized carbon lies in the range — 0.5 to
15 ppm. The values of NH group and =C-H group attached
protons lies in the range of 15 to 65 ppm. As can be seen both
the chitins had practically identical spectra. Each spectrum
consisted of five well-defined and two very small signals.
Three signals (two well defined and one very small) corre-
sponding to protons of 2-(acetylamino)-2-deoxy-D-glucose
ring were observed between 20 and 90 ppm, indicating high
structural homogeneity. It means that the chemical struc-
ture of chitin has caused minimal damage during isolation
and that the chitin is then suitable for high yield N-acetyl
glucosamine production [53]. The signal corresponding to
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Fig.3 Solid state THNMR spectra (a) standard chitin (b) isolated chi-
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the methyl substituent is located at— 25 ppm. The aim of
substituting enzymatic method by the chemical one for chitin
extraction process is mainly providing pure chitin retaining
a structure as close as possible to the native form (less de-
acetylated and less depolymerized).

X-ray Diffraction Analysis (XRD)

The crystalline pattern of a-chitin has been reported Minke
et al. [54] that the unit cell is orthorhombic, with dimen-
sion a=0.474 nm (4.74 A), b=1.886 nm (18.86 A), and
¢=1.032 nm (10.32 A) (fiber axis). The space group is
P2,2,2, and this unit cell contains two chains of disaccha-
rides sections that have antiparallel arrangement due to the
presence of strong hydrogen bonding. The crystallinity and
amorphous patterns of freshly isolated chitin from shrimp’s
comparing with standard chitin (C9213) are presented in
Fig. 4. It can be observed that the XRD pattern of fresh chi-
tin showed maximum reflection peaks at 19.8°, 20.89°, and
23.7°, and minor diffraction peaks at 26.1°, 34.0°, and 38.9°.
From the results, standard commercial chitin also shows the
same diffraction peaks in the same position comparing with
freshly isolated chitin. These peaks are mostly confirmed the
structural pattern of rigid crystalline a-chitin. Huang et al.
[55] reported similar results of crustacean chitin at the range
of 20=9.08 to 27.98°, which shows the a-chitin crystallinity
and amorphous patterns.

350 4

Isolated chitin
Standard chitin

250 A

Intensity (a.u.)

sl WWMWWMﬁW
20 25 30 35 40 45 50 55

26 degree

Fig.4 XRD analysis of isolated & standard chitin

Thermal Analysis of Chitin

TGA: The TGA technique was used to evaluate thermal sta-
bility of the isolated and standard chitin (Table 2). It can
be observed that the decomposition temperature for 10%
weight loss was in the range 298-302 °C and for 40% weight
loss was in the range 378-382 °C. The results revealed that
overall isolated chitin is slightly more stable as compared to
standard chitin (C9213). The maximum decomposition tem-
perature was in the range 630-632 °C corresponded to the
formation of char. It was quite clear that isolated chitin sam-
ple was thermally more stable than standard chitin (C9213).
We can successfully state that the early stage degradation
occurred mainly in the side chains of chitin where dehydra-
tion of the material underwent to depolymerization, which
resulted in individual monomers, and then, their further
reaction produced carbon dioxide. The results revealed that
the thermal degradation of chitin takes place within 398 to
406 °C (Table 2). The TG curves for both the samples show
one-step degradation and the differences between both the
sample (isolated and standard chitin) are relatively small.
Thermogravimetric profiles of fresh shrimp’s chitin
comparing with commercial chitin evaluate the structure
of a-chitin concerning to degree of degradation and ther-
mal stability (Fig. 5). The results of TGA analysis indicate
the two degradation steps. In first step weight loss occurs
below 100 °C due to the endothermic desorption of water
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Fig.5 Thermogravimetric and DSC analysis of isolated & standard
chitin

Table 2 Thermal stability data

Sampl T;p(°C) Ty (°C) Ty (°C)  Tec (°C)  To0(°C) T,  (°C) T, (°C
of the isolated and standard ampe 0 (O 25 O © (O 5 (O 70 (O max (O (O
chitin 1 Isolated chitin 298 351 382 392 406 632 -

2 Standard chitin 302 345 378 389 399 630 -

T, Tas, Tyg, Tss, Ty, and Ty are the temperatures of 10, 25, 40, 55 and 70% weight losses, respectively,

obtained from TGA; and T,

max

is the maximum decomposition temperature obtained from TGA curves
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molecules. The second degradation (begins at 280 °C) corre-
sponds to the endothermic degradation of isolated polymeric
structure which is primarily associated with the deteriora-
tion of acetylated chitin and saccharide ring dehydration
[54, 56-58]. The TGA curves of isolated and standard chitin
revealed that the final degradation above the 400 °C indi-
cates the complete volatilization of the chitin sample. Earlier
literature showed the TGA results for isolated chitin samples
were quite similar to the results reported in the current study
[40, 58, 59].

DSC: Carbohydrates especially polysaccharides have a
strong bonding with a water molecule and may have struc-
turally disordered in the solid-state which can be hydrated
easily. Hydration properties of these macromolecules
depend on their structure. Figure 5 presents the differen-
tial scanning calorimetry (DSC) curve of the isolated and
standard chitin. It can be observed that the glass transi-
tion temperature of both the isolated and standard chitin is
almost same i.e., 75.1 °C. The broad endothermic peaks are
observed at various temperatures indicating the crystalliza-
tion of the material as well as evaporation of water in the
films and decomposition of side chain. Due to intra-sheet
and intersheet hydrogen bonding, the samples show a rigid
crystalline structure. On comparing the DSC curves of both
isolated and standard chitin, it was found that the endother-
mic peaks, the glass transition temperatures and maximum

decomposition temperatures are shifted to slightly higher
values. It confirms that isolated chitin present a higher ther-
mal stability pattern than the standard chitin with the for-
mation of different crystalline forms. Similar degradation
pattern has also been reported in the literature [54, 60]

SEM Analysis

Scanning electron microscopy used to elucidate the surface
structure (layers, folds, homogeneity, roughness, porosity,
and shapes or size of partials) of the materials. Figure 6 pre-
sents the SEM images of standard and isolated chitin, which
was taken at various magnifications such as 650x and 350x.
All the captured images exhibited a rough thick surface of
non-homogeneous shrimp’s chitin with irregular shapes and
sizes of particles under the electron microscope. Similar
morphological analysis of a-chitin in a beetle (Holotrichia
parallela) and crustacean’s have been reported in previous
literature [35, 46].

Biological Activities of Freshly Extracted Chitin
Antimicrobial Activity of Chitin
The natural antimicrobial characteristics of standard and

isolated chitin against microorganisms have been con-
sidered as one of the most important properties linked

Standard Chitinf/
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M 1000KV 650x 14.2 mm 1006-3Pa 1.5

Fig.6 SEM analysis of isolated & Standard chitin
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directly to their biological applications. It is worth to
mention here that the —-NHCO- linked into acetamide
group attached at C-2 position of chitin is responsible for
biocompatibility and antimicrobial. When the chin is con-
verted into chitosan, the amino functionality located at
C-2 position plays the vital role in promising antimicro-
bial activity of the material. In this study, the antibacte-
rial activities of both chitins were evaluated against gram-
positive (B.subtilis) and gram-negative (E. coli) bacteria
using a well diffusion method (Fig. 7, Table 3). The chi-
tin samples inhibited the growth of bacteria and show an
effective inhibitory effect against both gram-negative and
gram-positive bacteria. Generally, the samples have more
effective inhibition on B.subtilis than E. coli, because the
structure and composition of their cell wall are different
from each other. B. subtilis bacteria have a porous peptide
polyglycogen cell wall which allows the foreign molecules
to enter into the cell easily. But the cell wall of gram-
negative (E.Coli) bacterium is made up of a thin layer of
polyglycogen and another outside layer which constituted
with phospholipids, lipoprotein, and lipopolysaccharides,
this bilayer structure creates a potential barrier against
the foreign materials [61]. When inhibition zone of chitin
samples compared to the inhibitory effect of standard drug
streptomycin it clearly shows the less inhibition growth
activity as compared to the positive control.

Fig.7 Antimicrobial activity of isolated & standard chitin

Antioxidant Activity of Isolated Chitin: DPPF Free
Radical-Scavenging Assay of Freshly Isolated Chitin

DPPH free radical-scavenging assay of freshly isolated
chitin, standard chitin, and BHT at different concentrations
(0, 0.5, 1.0, 1.5, 2.0 mg/mL) is presented in Fig. 8. DPPH
is a stable free radical that shows maximum absorbance at
517 nm. When DPPH radical encounters a proton donating
substrate such as an antioxidant, the radical is scavenged and
the absorbance is reduced [23, 42]. Generally, the standard
chitin showed significantly less scavenging activity than iso-
lated chitin from shrimps as the purple color of the solution
mixture faded. The free radicals of DPPH solution react with
the amino group of chitin and convert them into stable mole-
cules, and terminates the chain reaction. DPPH also reduced
when the hydroxyl group of solvent (methanol) reacts with
DPPH and purple color faded with concentrations. Chitin
and BHT scavenging activities are concentration-dependent,
therefore the present results suggested that at higher con-
centrations both samples and standard (BHT) exhibit high
antioxidant activity against DPPH.

Hemolytic Assay
When physical contact comes in between biopolymer and

blood cells, they interact with the RBCs which can lead
to RBC dysfunctioning, so biocompatibility is one of the
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Fig.8 DPPH free radical scavenging activity of isolated & standard
chitin

Table 3 Antibacterial activity

. Sample Zone of inhibition with 8 mm Zone of Inhibition in (mm)
of freshly isolated and standard di
o . iameter
chitin against Bacillus subtilis
and Escherichia coli Escherichia Bacillus subti-  Escherichia coli Bacillus subtilis
coli (mm) lis (mm)

Standard chitin (S1) 17 19 9+1.3 11+1.5
Isolated chitin (S2) 17 19 9+1.1 11+1.2
Standard drug (streptomycin) 36 31 28+1.19 23+1.17
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Table 4 Hemolytic assay of freshly isolated and standard chitin (The
scale was as follows: nontoxic, 1-10; slightly toxic, 11-25; moder-
ately toxic, 26-50; and highly toxic, 50-100)

Sample Hemolytic activity %  Result
Standard chitin (S1) 59+1.39 Non-toxic
Isolated chitin (S2) 52+1.15 Non-toxic
Negative control (PBS?) 0.09+0.01 Non-toxic
Positive control Triton-X-100° 100+1.23 Highly toxic

Hemolysis values are mean+SD of three samples investigated inde-
pendently in triplicate

*Negative control
bPositive control

major tests to be performed. Interactions of chitin samples
and negatively charged red blood cells were elucidated
using biocompatibility of blood [62]. The quantitative
analysis of hemoglobin indicates the membrane-damaging
property of the samples. The results of this research are
shown in Table 4. The hemolytic activity of the freshly
extracted and standard chitin was evaluated against the
red blood cells (RBC) and results were compared with
PBS (negative control) as well as with Triton-X-100 (posi-
tive control) [34]. Chitin samples and PBS exhibited 5.2%,
5.9%, and 0.09 cytotoxicity values respectively, which
were within the range of non-toxicity, and no sample dis-
played any toxic behavior towards the living cells.

Conclusion

The chemically isolated chitin possessing little amounts of
ash (minerals) and moisture contents with better yield is
enough in comparison to commercial international stand-
ards. The extracted chitin from shrimps wastage compare
with standard chitin by using FTIR, '"HSSNMR, XRD,
SEM, and thermal analysis and the results revealed that the
isolated chitin from the exoskeleton of shrimps in alpha
form and showed good quality assessment. Due to bacte-
riostatic nature, both chitins have excellent antimicrobial
activities against gram-positive (Bacillus subtilis) bacteria.
Additionally, these biopolymers have good antioxidant and
biocompatible properties. The antioxidant value on DPPH
solution of isolated chitin was increased with the increase
of concentration. In general, it is evident that the chitin
isolated from wastage of crustaceans have excellent prop-
erties (biodegradability, nontoxicity, biocompatibility),
and has the potential to be used in different applications
such as medicine, pharmaceutical, agriculture, textile,
food industry wastewater treatment, and cosmetics.

@ Springer

References

1. FAO, the State of World Fisheries and Aquaculture e Opportuni-
ties and Challenges (Rome) (2014).

2. Xu Y, Gallert C, Winter J (2008) Chitin purification from
shrimp wastes by microbial deproteination and decalcification.
Appl Microbiol Biotechnol 79(4):687-697

3. Kelleher, Kieran (2005) Discards in the world’s marine fisher-
ies. FAO.

4. Kumari S, Rath P, Kumar AS, Tiwari TN (2015) Extraction and
characterization of chitin and chitosan from fishery waste by
chemical method. Environ Technol Inno 3:77-85

5. Sapkota A, Sapkota AR, Kucharski M, Burke J, McKenzie S,
Walker P, Lawrence R (2008) Aquaculture practices and poten-
tial human health risks: current knowledge and future priorities.
Environ Int 34(8):1215-1226

6. Olsen RL, Toppe J, Karunasagar I (2014) Challenges and real-
istic opportunities in the use of by-products from processing of
fish and shellfish. Trends Food Sci Technol 36(2):144-151

7. Ordoénez-Del Pazo T, Antelo LT, Franco-Uria A, Pérez-Martin
RI, Sotelo CG, Alonso AA (2014) Fish discards management
in selected Spanish and Portuguese métiers: Identification and
potential valorisation. Trends Food Sci Technol 36(1):29-43

8. Rinaudo M (2007). Seaweed polysaccharides.

9. Abdel-Naby MA, Ahmed SA, Wehaidy HR, El-Mahdy SA
(2017) Catalytic, kinetic and thermodynamic properties of sta-
bilized Bacillus stearothermophilus alkaline protease. Int J Biol
Macromol 96:265-271

10. Dhillon GS, Surinder K, Satinder KB, Mausam V (2013) Green
synthesis approach: extraction of chitosan from fungus mycelia.
Crit Rev Biotechnol 33(4):379-403

11. Fao FA (2008) Food and agriculture organisation of the United
Nations. Retrieved on 15.

12. Panariello L, Coltelli MB, Buchignani M, Lazzeri A (2019)
Chitosan and nano-structured chitin for biobased anti-micro-
bial treatments onto cellulose based materials. Eur Polym J
113:328-339

13. Kaur S, Dhillon GS (2014) The versatile biopolymer chitosan:
potential sources, evaluation of extraction methods and applica-
tions. Crit Rev in Micro 40(2):155-175

14. Arbia W, Arbia L, Adour L, Amrane A (2013) Chitin extraction
from crustacean shells using biological methods—a review. Food
Technol Biotechnol 51:12

15. Green JH, Mattick JF (1979) In: Green JH, Kramer A (Eds)
Food processing waste management, AVI publishing, West port,
UK, 202.

16. Kim Y, Park RD (2015) Progress in bioextraction processes of
chitin from crustacean biowastes. J Korean Soc Appl Biol Chem
58(4):545-554

17. Beaney P, Lizardi-Mendoza J, Healy M (2005) Comparison
of chitins produced by chemical and bioprocessing methods. J
Chem Technol Biot 80(2):145-150

18. Zhang H, Jin Y, Deng Y, Wang D, Zhao Y (2012) Production
of chitin from shrimp shell powders using Serratia marcescens
B742 and Lactobacillus plantarum ATCC 8014 successive two-
step fermentation. Carbohydr Res 362:13-20

19. Khanafari A, Marandi RE, Sanati S (2008) Recovery of chi-
tin and chitosan from shrimp waste by chemical and microbial
methods. Iran J Environ 19

20. Abdulwadud A. Muhammed TI, Surajudeen A, Abubakar JM
and Alewo OA (2013) Extraction and characterisation of chitin
and chitosan from mussel shell. Civ and Environ Res 109

21. Al Sagheer FA, Al-Sughayer MA, Muslim S, Elsabee MZ (2009)
Extraction and characterization of chitin and chitosan from marine
sources in Arabian Gulf. Carbohyd polym 77(2):410-419



Journal of Polymers and the Environment (2021) 29:2337-2348

2347

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Nessa F, Masum SM, Asaduzzaman M, Roy SK, Hossain MM,
Jahan MS (2010) A process for the preparation of chitin and
chitosan from prawn shell waste. Bangladesh J Sci Ind Res
45(4):323-330

Younes I, Hajji S, Frachet V, Rinaudo M, Jellouli K, Nasri M
(2014) Chitin extraction from shrimp shell using enzymatic
treatment. Antitumor, antioxidant and antimicrobial activities
of chitosan. Int J Biol Macromol 69:489-498

Hamed I, Ozogul F, Regenstein JM (2016) Industrial applica-
tions of crustacean by-products (chitin, chitosan, and chitooli-
gosaccharides): a review. Trends Food Sci 48:40-50
Muzzarelli RA, Boudrant J, Meyer D, Manno N, DeMarchis M,
Paoletti MG (2012) Current views on fungal chitin/chitosan,
human chitinases, food preservation, glucans, pectins and inu-
lin: A tribute to Henri Braconnot, precursor of the carbohydrate
polymers science, on the chitin bicentennial. Carbohydr Polym
87(2):995-1012

Ong SY, Wu J, Moochhala SM, Tan MH, Lu J (2008) Devel-
opment of a chitosan-based wound dressing with improved
hemostatic and antimicrobial properties. Biomaterials
29(32):4323-4332

Shahidi F, Arachchi JK, Jeon YJ (1999) Food applications of chi-
tin and chitosans. Trends Food Sci Technol 10(2):37-51
Puvvada YS, Vankayalapati S, Sukhavasi S (2012) Extraction of
chitin from chitosan from exoskeleton of shrimp for application
in the pharmaceutical industry. Int Curr Pharm J 1(9):258-263
Hafsa J, Smach MA, Charfeddine B, Limem K, Majdoub H,
Rouatbi S (2016) Antioxidant and antimicrobial proprieties of chi-
tin and chitosan extracted from Parapenaeus Longirostris shrimp
shell waste. Elsevier Masson Ann Pharm Fr 74(1):27-33

Nouri M, Khodaiyan F, Razavi SH, Mousavi M (2016) Improve-
ment of chitosan production from Persian Gulf shrimp waste by
response surface methodology. Food Hydrocoll 59:50-58
AOAC Ofcial methods of analysis (1990) Washington. Asso-
ciation of O/cial Analytical Chemists, DC

Osés SM, Pascual-Mate A, de la Fuente D, de Pablo A, Fernan-
dez-Muino MA, Sancho MT (2016) Comparison of methods to
determine antibacterial activity of honeys against Staphylococcus
aureus. J Life Sci 78:29-33

Yamaguchi T, Takamura H, Matoba T, Terao J (1998) HPLC
method for evaluation of the free radical-scavenging activity of
foods by using 1, 1-diphenyl-2-picrylhydrazyl. Biosci Biotechnol
Biochem 62(6):1201-1204

Shahid M, Bukhari SA, Gul Y, Munir H, Anjum F, Zuber M, Jamil
T, Zia KM (2013) Graft polymerization of guar gum with acryl
amide irradiated by microwaves for colonic drug delivery. Int J
Bio Macromol 62:172-179

Abdel-Rahman RM, Hrdina R, Abdel-Mohsen AM, Fouda MM,
Soliman AY, Mohamed FK, Mohsin K, Pinto TD (2015) Chitin
and chitosan from Brazilian Atlantic Coast: Isolation, characteri-
zation and antibacterial activity. Int J Biol Macromol 80:107-120
Sila A, Mlaik N, Sayari N, Balti R, Bougatef A (2014) Chitin and
chitosan extracted from shrimp waste using fish proteases aided
process: efficiency of chitosan in the treatment of unhairing efflu-
ents. J Polym Environ 1:78-87

Benhabiles MS, Abdi N, Drouiche N, Lounici H, Pauss A, Goosen
MF, Mameri N (2013) Protein recovery by ultrafiltration during
isolation of chitin from shrimp shells Parapenaeus longirostris.
Food Hydrocoll 32(1):28-34

Nakagawa YS, Kudo M, Loose JS, Ishikawa T, Totani K, Eij-
sink VG, Vaaje-Kolstad G (2015) A small lytic polysaccharide
monooxygenase from Streptomyces griseus targeting o-and
f-chitin. FEBS J 282(6):1065-1079

Hamodrakas SJ, Willis JH, Iconomidou VA (2002) A structural
model of the chitin-binding domain of cuticle proteins. Insect Bio-
chem Mol Biol 32(11):1577-1583

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Kaya M, Baran T, Karaarslan M (2015) A new method for fast
chitin extraction from shells of crab, crayfish and shrimp. Nat Prod
Res 29(15):1477-1480

Jaganathan K, Raffi SM, Soundarapandian P (2015) Extraction
and Characterization of Chitin from Marine Bycatch Crustaceans
Employing Fermentation Method. Int J Pharm

Ghorbel-Bellaaj O, Younes I, Maalej H, Hajji S, Nasri M (2012)
Chitin extraction from shrimp shell waste using Bacillus bacteria.
Int J Biol Macromol 51:1196-1201

Tolesa LD, Gupta BS, Lee MJ (2019) Chitin and chitosan produc-
tion from shrimp shells using ammonium-based ionic liquids. Int
J Biol Macromol 130:818-826

Hossain MS, Igbal A (2014) Production and characteriza-
tion of chitosan from shrimp waste. J Bangladesh Agri Uni
12(1):153-160

Srinivasan H, Kanayairam V, Ravichandran R (2018) Chitin and
chitosan preparation from shrimp shells Penaeus monodon and
its human ovarian cancer cell line, PA-1.Int. J] Biol Macromol
107:662-667

Liu S, SunJ, Yu L, Zhang C, BiJ, Zhu F, Qu M, Jiang C, Yang Q
(2012) Extraction and characterization of chitin from the beetle
Holotrichia parallela Motschulsky. Molecules 17(4):4604-4611
Tolaimate A, Desbrieres J, Rhazi M, Alagui A (2003) Contribu-
tion to the preparation of chitins and chitosans with controlled
physico-chemical properties. Polymer 44(26):7939-7952
Majekodunmi SOJ (2016) Current development of extraction,
characterization and evaluation of properties of chitosan and its
use in medicine and pharmaceutical industry. Polym Sci 6:86
Ul-Islam M, Shah N, Ha JH, Park JK (2011) Effect of chitosan
penetration on physico-chemical and mechanical properties of
bacterial cellulose. Korean J] Chem Eng 28(8):1736

Isa MT, Ameh AO, Gabriel JO, Adama KK, El L (2012) Extrac-
tion and characterization of chitin from Nigerian sources. J Pract
Technol 21:73

Islam SZ, Khan M, Alam AN (2016) Production of chitin and
chitosan from shrimp shell wastes. J Bangladesh Agril Univ
14(2):253-259

Sedaghat F, Yousefzadi M, Toiserkani H, Najafipour S (2017)
Bioconversion of shrimp waste Penaeus merguiensis using lactic
acid fermentation: An alternative procedure for chemical extrac-
tion of chitin and chitosan. Int J Biol Macromol 104:883-888
Einbu A, Varum KM (2008) Characterization of chitin and its
hydrolysis to GIcNAc and GlcN. Biomacromol 9(7):1870-1875
Kaya M, Mujtaba M, Ehrlich H, Salaberria AM, Baran T,
Amemiya CT, Galli R, Akyuz L, Sargin I, Labidi J (2017) On
chemistry of y-chitin. Carbohyd Polym 176:177-186

Minke RAM, Blackwell J (1978) The structure of a-chitin. J Mol
Biol 120:167

Huang WC, Zhao D, Guo N, Xue C, Mao X (2018) Green and
facile production of chitin from crustacean shells using a natural
deep eutectic solvent. J Agric Food Chem 66(45):11897-11901
Wysokowski M, Bazhenov VV, Tsurkan MV, Galli R, Stelling AL,
Stocker H, Behm T (2013) Isolation and identification of chitin in
three-dimensional skeleton of Aplysina fistularis marine sponge.
Int J Biol Macromol 62:94

Paulino AT, Simionato JI, Garcia JC, Nozaki J (2006) Characteri-
zation of chitosan and chitin produced from silkworm chrysalides.
Carbohyd Polym 64(1):98-103

Sajomsang W, Gonil P (2010) Preparation and characterization of
a-chitin from cicada sloughs. Mater Sci Eng C 30(3):357-363
Jang MK, Kong BG, Jeong YI, Lee CH, Nah JW (2004) Phys-
icochemical characterization of a-chitin, B-chitin, and y-chitin
separated from natural resources. J Polym Sci A Polym Chem
42(14):3423-3432

Dutta J, Dutta PK (2010) 15 Antimicrobial Activity of Chi-
tin, Chitosan, and Their Oligosaccharides. Chitin, chitosan,

@ Springer



2348 Journal of Polymers and the Environment (2021) 29:2337-2348

oligosaccharides and their derivatives: Biological activities and Publisher’s Note Springer Nature remains neutral with regard to

applications 14:195 jurisdictional claims in published maps and institutional affiliations.
62. Raut AV, Satvekar RK, Rohiwal SS, Tiwari AP, Gnanamani A,

Pushpavanam S, Nanaware SG, Pawar SH (2016) In vitro bio-

compatibility and antimicrobial activity of chitin monomer obtain

from hollow fiber membrane. Des Monomers Polym 19:445

@ Springer



	Utilization of Shellfish Industrial Waste for Isolation, Purification, and Characterizations of Chitin From Crustacean’s Sources in Pakistan
	Abstract
	Introduction
	Experimental
	Sample Preparation
	Extraction of Chitin
	Deproteination
	Demineralization
	De-Coloration

	Chitin Yield
	Proximate Analysis of Freshly Extracted Chitin
	Characterization of Freshly Extracted Chitin
	FT-IR Analysis
	Solid-STATE 1H-NMR Analysis
	X-Ray Diffraction Analysis
	Thermo-Gravimetric (TG) and Differential Scanning Calorimetry (DSC) Analysis
	Scanning Electron Microscopy Analysis

	Evaluation of Biological Behavior of Freshly Extracted Chitin
	Antimicrobial Activity
	Antioxidant Activity: DPPH Radical Scavenging Activity Assay
	Hemolytic Assay


	Results and Discussion
	Extraction of Chitin
	Physicochemical Properties of Chitin
	Characterization of Freshly Isolated Chitin and Commercially Available Standard Chitin (C9213)
	FT-IR Analysis
	Solid-State 1HNMR Analysis
	X-ray Diffraction Analysis (XRD)
	Thermal Analysis of Chitin
	TGA: 
	DSC: 

	SEM Analysis

	Biological Activities of Freshly Extracted Chitin
	Antimicrobial Activity of Chitin
	Antioxidant Activity of Isolated Chitin: DPPF Free Radical-Scavenging Assay of Freshly Isolated Chitin
	Hemolytic Assay


	Conclusion
	References




