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Chitosan, a non-toxic and biodegradable biopolymer, has been immensely exploited due to its
inherent features, such as its ability to inhibit bacterial growth and free radical scavenging. This
biopolymer can be extracted from crustaceans, molluscs, insects, or fungi chitin. Interestingly,
different sources of this biopolymer affect the physicochemical and biological activities. Thus,
this study aims to characterise, compare the physicochemical and biological properties of extracted
chitosan (E.ch) from mud crabs, Scylla olivacea (S. olivacea), and commercial chitosan (C.ch).
The E.ch was extracted via the chemical method, and their physicochemical and biological properties,
such as degree of deacetylation (DD), viscosity, antibacterial, antifungal, as well as antioxidant
activity, were characterised. The results revealed that E.ch with high DD and low viscosity showed
better antibacterial activity against Pseudomonas aeruginosa (P. aeruginosa), better antifungal
activity against Aspergillus flavus (A. flavus) and high antioxidant activity compared to C.ch.
The higher DD of E.ch contributed to better antibacterial, antifungal, and antioxidant activity. In
conclusion, the findings of this study on the physicochemical and biological properties of E.ch
from mud crabs could be utilised in various fields such as biomedical, pharmaceutical, and

agriculture applications.
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The mud crab, scientifically known as Scylla olivacea
(S. olivacea), is a crab species that commonly inhabits
burrows within densely populated mangrove areas in
the Indo-West Pacific region [1]. Mud crab is one of
the most delicious seafood delicacies owing to its tender
meat and flavourful taste. However, hard exoskeletons
are waste because they are not consumable. Improper
seafood waste management can lead to environmental
pollution. The current study used mud crab shell waste
to extract chitosan and produce functional materials.
Chitosan is a linear polysaccharide consisting of 2-
amino-2-deoxy-(1-4)-B-D-glucopyranose residues (D-
glucosamine units) [2]. Several methods have been used
to extract chitosan, including chemical and biological
extraction [2]. The chemical extraction method used in
this study involved four main steps: demineralization,
deproteinization, discolouration, and deacetylation. Acid
treatment is applied in demineralization to remove
calcium carbonate, whereas deproteinization involves
alkali treatment to remove proteins from mud crab
shells [3]. The discolouration step is applied to remove
the colour pigment and obtain a white appearance on
the sample [4]. Deacetylation uses alkali treatment to

remove the acetyl group from the chitin backbone to
produce chitosan [5]. Chitosan has many applications
in various fields, such as agriculture, pharmaceuticals,
cosmetics, and food processing [6].

Their physicochemical and biological properties
were characterised to determine whether mud crab
chitosan could be used in future applications. The
physicochemical and biological properties tested in
this study were chitosan yield percentage, degree of
deacetylation (DD), viscosity, morphology, antibacterial,
antifungal, and antioxidant properties. Determining DD
and viscosity is crucial because they influence chitosan's
biological properties and applications [6]. The higher
DD of chitosan indicates its high purity and a high
cationic effect in biological applications [7]. Chitosan
extracted from crab (Carcinus mediterraneus) shells
can inhibit Escherichia coli (E. coli) and Staphylococcus
aureus (S. aureus) but more effectively on E. coli [8].
In addition, the antifungal activity of crab chitosan
extracted by Hajji et al. [8] was able to inhibit Aspergillus
niger (A. niger) and Fusarium solani (F. solani) with
the same zone of inhibition (17 mm).
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Aspergillus flavus (A. flavus) is a pathogenic
fungus that causes crop spoilage due to aflatoxin
production [9]. Meanwhile, Marasmius cladophyllus
(M. cladophyllus) can be a pathogenic fungus once
changes occur with the tree or plant host [10]. Besides,
a previous study reported that Marasmius palmivorus
(M. palmivorus), which is in the same genus as M.
cladophyllus, can be applied as a bioherbicide against
pathogen fungi, but M. palmivorus also can cause
palm bunch and stem rot disease of coconut palms
[11,12]. Thus, M. cladopyhllus can become pathogenic
depending on the environmental conditions, its
interaction with the host plant, or the presence of
endobacteria and mycoviruses that can influence
fungal behaviour [13]. There are still few reports on
the antifungal activity of chitosan extracted from mud
crab shells (S. olivacea) (E.ch) against A. flavus and
M. cladophyllus, so it is essential to investigate the
potential antifungal activity against these fungi for
future application in agriculture. In this study, a
commercial chitosan (C.ch) was used as a reference
to confirm that chitosan extracted from mud crab
shells was successful. E.ch can have different
physicochemical properties than C.ch, which can cause
variations in its biological properties. Thus, the
current study aims to characterise and compare
the physicochemical and biological properties of E.ch
with C.ch.

EXPERIMENTAL
Chemicals and Materials

Commercial chitosan from crabs with medium molecular
weight (Mw) and 2,2-diphenylpicrylhydrazyl (DPPH)
were purchased from Sigma Aldrich Corporation.
Mud crab shells were obtained from a wet market in
Kota Samarahan, Sarawak, Malaysia, to extract chitosan.
E. coli, S. aureus, P. aeruginosa, A. flavus, and M.
cladophyllus strains were subcultured and provided by
Molecular Genetic Lab of the Faculty of Resource
Science and Technology, Universiti Malaysia Sarawak
(UNIMAS). All chemical reagents used in this study
were used directly without further purification.

Sample Collection and Preparation

Mud crab shells were washed under running water
to remove contaminants and adhering proteins. The
mud crab shells were dried in an oven at 70°C until
thoroughly dried [14]. The dried shells were crushed
and ground into powder using a mortar and pestle. The
mud crab shell was stored in a freezer at 4°C for
long-term storage and dried in an oven at 70°C
before chitosan extraction.

Chitosan Extraction
Mud crab shells undergo four steps: demineralization,

deproteinization, discolouration, and deacetylation.
In the demineralization steps, mud crab shells were
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treated with 7 % (v/v) hydrochloric acid (HCI) at a
ratio of 1:10 (w/v) for 3 hours at 60°C [15]. The
demineralized sample was washed with distilled water
until it reached a pH of 7. Next, 2 % (w/v) potassium
hydroxide (KOH) was used in the deproteinization
steps at 90°C for 2 hours with a 1:20 (w/v) ratio [16].
The extracted chitin was washed with distilled water
until it reached pH 7. Then, in the discolouration
steps, the sample was treated with acetone repeatedly
to obtain a white colour and dried in an oven over-
night at 50°C after air-drying for two hours. Finally,
deacetylation was conducted using sodium hydroxide
(NaOH) at a concentration of 45 % (w/v) in a 1:20
(w/v) ratio for two hours at 110°C. The extracted
chitosan was washed with distilled water until it
reached pH 7. The final product was dried overnight
in an oven at 50°C.

Percentage Yield (%)

The percentage yield of E.ch was calculated according
to Equation (1) [17].

Yield (%)= Dry weight of chitosan (g) 100
€ o Dry weight of raw crab shell (g)

Degree of Deacetylation (DD)

The DD of E.ch and C.ch was estimated using
Attenuated total reflectance-Fourier transform infrared
(ATR-FTIR) spectroscopy (Agilent Technologies, Cary
630 FTIR spectrometer). The sample was analysed
with an attenuated reflectance accessory from 650-
4000 cm™. The degree of acetylation (DA) and DD
of the samples were estimated using Equation (2)
and Equation (3) [18,19]. Ais20 and Aiaz are the
absorbances of the peaks at wavenumbers 1320 and
1420 cm™, respectively.

(M) —0.3822

A1420

0 R

DA (%) 0.03133 @
DD (%)=100 % — DA (%) 3)

Viscosity

E.ch and C.ch were diluted in 1 % acetic acid (Acac).
The viscosity was determined using a Brookfield
viscometer equipped with spindle number two at a speed
of 50 rotations per minute (rpm) and a temperature of
25°C [16]. The value was expressed in millipascal-
second (mPa.S).

Morphology

The morphologies of E.ch and C.ch were determined
using a JSM-1T200 InTouchScope™ Scanning Electron
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Microscope. According to Zhang et al. [20], platinum
samples were coated with an ion sputter. The accelerating
potential was 10 kilovolts (kV), and the magnification
power was 50 to 10,000 times for image acquisition.

Preparation of Bacterial and Fungal Inoculum

The antimicrobial properties of E.ch and C.ch were
tested against Gram-positive bacteria (S. aureus), Gram-
negative bacteria (E. coli), and (P. aeruginosa) as well
as two fungi (A. flavus) and (M. cladophyllus). The
Gram-positive and Gram-negative bacteria were pre-
cultured in Mueller Hinton broth (MHB) overnight in
a rotary shaker at 37°C. Afterward, each strain was
adjusted to 108 cells/mL concentration using 0.5
McFarland standard [21]. The fungal inocula were
prepared from fungal isolates cultured for 48 hours in
potato dextrose broth (PDB). A spectrophotometer
(Asgs nm) was used to adjust the spore density of the
fungus to a final concentration of 10 spores/mL.

Determination of Zone of Inhibition

Mueller-Hinton Agar (MHA) was sterilised using an
autoclave machine and poured into sterile plates for
solidification. S. aureus, E. coli, and P. aeruginosa
(10° CFU/mL) were swabbed on each MHA. Then,
three paper disks were loaded with 0.5 mg/mL of
ampicillin, 20 mg/mL of E.ch and C.ch. The fourth
empty paper disk was used as a negative control. The
bacterial plates were incubated overnight at 37°C, and
the inhibition zones were determined 24 hours later.
Ampicillin was used as a positive control [21]. The
larger the inhibitory zones, the more potent the anti-
bacterial activity [22].

Minimal Inhibitory Concentration (MIC)

E. coli, S. aureus, and P. aeruginosa were inoculated
into three 10 mL nutrient broth solutions and incubated
at 37°C with continuous shaking at 180 rpm for 16
hours to produce the broth culture. After 16 hours, 100
pL of each broth culture was transferred to 10 mL of
nutrient broth and incubated for 2 hours under the
same conditions. The turbidity of bacterial growth was
measured until it reached 0.08 or 5 x 105 CFU per
McFarland standard at optical density, ODsgo.

Bacterial cultures were prepared by dilution
to 1:100 or 1:200 [23]. First, 150 uL of MHB was
transferred to five wells of a first-row 96-well
microtiter plate. Next, 150 pL of E.ch or C.ch at a 4
mg/mL concentration was transferred to the first well
for serial dilution. A two-fold dilution was conducted
by taking 150 pL of mixture from the first well and
transferred to the next well. The procedure was
repeated until the final well. Finally, 50 pL of diluted
bacterial culture was added to each well, and the final
volume was 200 pL. Each well contained a final
concentration of 2.0, 1.0, 0.5, 0.25, or 0.125 mg/mL.
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The wells were incubated at 37°C with agitation
at 180 rpm for 16-24 hours. After 24 hours, bacterial
growth and sensitivity were measured at a wavelength
of 600 nm using a Biotek Epoch 2 microplate reader
[23]. Ampicillin was used as a positive control with
each well final concentration of 0.50, 0.25, 0.125,
0.63, and 0.031 mg/mL [21]. MIC was the lowest
concentration of a tested sample at which no bacterial
growth was observed (transparent or translucent).

Minimal Bactericidal Concentration (MBC)

A volume of 1/10 of the bacterial culture was inoculated
into new MHA from the MIC sample concentration to
the highest concentration sample. The mixture was
incubated for 24 hours at 37°C. Ampicillin was used
as a positive control in the MBC. MBC was defined
as the lowest concentration at which bacteria did not
grow [23].

Mycelium Growth Measurement

The antifungal properties of E.ch and C.ch were tested
against two fungi: A. flavus and M. cladophyllus. E.ch
and C.ch were dispersed in acetic acid and distilled
water at 6 mg/mL concentrations as stock solutions
[22]. Potato Dextrose Agar (PDA) was prepared by
sterilisation in an autoclave. Both E.ch and C.ch with
different concentrations (0.08, 0.4, and 0.8 mg/mL)
were introduced to a PDA that was already prepared.
The mixture was then poured into a sterile petri dish
(9 cm). After cooling the mixture, a 5.0 mm diameter
fungus mycelium was placed on the test plate and
cultured at 27°C for two to three days. Mancozeb was
used as a positive control [21]. Once the mycelium
reached the margins of the control plate (no treatment),
the antifungal index was calculated using Equation
(4). Da indicates the diameter of the growth zone in
the test plate, and Dy, indicates the diameter of the
growth zone in the control plate.

D
Antifungal index (%) = (1 — D—a) x 100 4
b

Scavenging of 1,1-Diphenyl-2-picrylhydrazyl Radicals
(DPPH)

The DPPH scavenging capacity of E.ch and C.ch were
measured using the method described by Si Trung and
Bao [24] and Sun et al. [25] with slight modification.
DPPH solution was prepared at 0.4 mM with ethanol.
The reaction mixtures were prepared with 3 mL of
E.ch or C.ch dissolved in 1 % acetic acid at different
concentrations (0.1, 0.2, 0.4, 0.6, 0.8, and 1.0 mg/mL)
with 1 mL of DPPH ethanol solution to a final volume
of 4 mL. The mixture was rapidly agitated and
maintained at room temperature for 30 min in a dark
room. The absorbance was determined using a UV-
VIS spectrophotometer (Shimadzu UV-2600i UV-
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Visible spectrophotometer). Ascorbic acid was used as
positive control. The free radical scavenging activity
was calculated using Equation (5). Reduced absorbance
indicates increased DPPH radical-scavenging activity
[26]. Ag refers to the absorbance of the reaction mixture
without a sample, and A; is the absorbance of the
reaction mixture with the sample at 517 nm.

_Al

A
Scavenging activity (%) = 9 x100 (5)

Statistical Analysis

Each experiment was performed thrice and the final
data are expressed as the mean * standard deviation.
Statistical differences (p<0.05) were compared using
one-way, two-way analysis of variance (ANOVA), and
Student’s t-test (t-test).

RESULTS AND DISCUSSION
Percentage Yield (%)

The percentage yield of E.ch obtained in this study
was 6 % (Table 1). The yield percentage of E.ch
was higher than chitosan extracted from crabs
(Carcinus mediterraneus) and freshwater crabs
(Potamon algeriense) [27,28]. However, E.ch yield
percentage was lower than chitosan extracted from
mud crab shell (39 %), mud crab (Scylla olivacea)
shell (44.57 %), and king mangrove crab (Scylla serrata)
(14 %) [7,29,16]. A high chitosan yield (39 %) was
obtained because of the high chitin yield in the previous
step of study reported by Ali et al. [7]. A low yield
percentage of E.ch can be affected by acetyl group loss
during the deacetylation process due to high alkaline
concentration and temperature usage, which leads
to chain degradation [30,31]. Cadano et al. [29] and
Ogretmen et al. [32] also stated that excessive washing
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during demineralization can reduce the chitosan yield
because chitosan is still soluble in weak acids and lost
during washing. The differences in chitosan yield are
influenced by the efficacy of the amount of mineral
and protein removed [32].

Viscosity

The viscosity of E.ch and C.ch are listed in (Table 1).
The viscosity of E.ch was 3.70 £ 0.09 mPa.S was
found to be lower compared to C.ch with 469.33 £
6.03 mPa.S. Van Den Broek and Boeriu [33] stated
that the higher the molecular weight, the higher the
viscosity. Nurhayati et al. [34] stated that an increase
in the period of demineralization and deacetylation
leads to a decrease in the viscosity of chitosan.
Avelelas et al. [35] also reported that the viscosity of
chitosan decreased due to prolonged exposure to NaOH
for 120 min. The E.ch exposure period to NaOH was
the same as Avelelas et al. [35], which explains the
low viscosity. The viscosity of E.ch was low compared
to the viscosity of chitosan extracted from snow crab
leg (Chionoecetes opilio) shell (14.77 + 0.12 mPa.S),
blue crab (Callinectes sapidus) shell (362 + 6.27 cP),
and mud crab (S. olivacea) shell (383.9 cP) [30,36,16].

Fourier Transform Infra-Red (FTIR) Spectra and
Degree of Deacetylation (DD)

The FTIR spectrum of E.ch were identical to the
C.ch spectrum, as shown in (Figure 1), indicating that
chitosan was successfully extracted from mud crab
shells. C.ch and E.ch spectrum showed peaks at specific
wavelengths, indicating chitosan: 3335-3350 cm™ (O-
H, stretching), 2873 cm™ (C-H, stretching), 1641-1643
cmt (N-H, bending, amine), 1579 cm™ (N-H,
bending, amine), 1419 cm™* (C-H, bending), and 1151
cm? (C-O, stretching). The FTIR spectrum of E.ch
is similar to the FTIR spectrum of S. olivacea reported
by Sarbon et al. [16] and Mulyani et al. [37].

Table 1. Physicochemical properties of E.ch and C.ch.

Characteristic E.ch C.ch
Yield (%) 6.00+1.73 -

DD (%) 81.00+£0.58 80.00+0.00
Viscosity (mPa.S) 3.70+0.09 469.33+6.03

Values are presented as mean + standard deviation in triplicate.

(-) indicates no data.
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Figure 1. FTIR spectra of E.ch and C.ch.

The degree of deacetylation (DD) of E.ch (81
%) was higher than DD of C.ch (80 %), as shown in
(Table 1). Interestingly, the DD of E.ch was identical
to the DD of chitosan extracted from S. olivacea [37].
However, the DD of E.ch (81 %) was higher than DD
of chitosan extracted from mud crab shells (53.4 %)
by Sarbon et al. [16] but lower than DD of chitosan
extracted from mud crab (92 %) by Ali et al. [7]. The
difference in DD was caused by the different parameters
used for extracting chitosan in the present study
compared with the previous study, such as solvent
concentration, temperature, and reaction period. The
NaOH concentration and temperature used for
deacetylation in the present study were 45 % and
110°C, respectively, compared with the 40 % NaOH
and 105°C used by Sarbon et al. [16]. A high NaOH
concentration and temperature are required to remove
the acetyl groups [35,38]. In addition, demineralization
in the present study involves heating, while Sarbon
et al. [16] used only room temperature. The heating
used in the demineralization process facilitates the
diffusion of the solvent into the chitosan matrix and
efficiently removes the mineral [39]. DD of chitosan
extracted from mud crab by Ali et al. [7] was higher
than DD of E.ch because of the usage of a high NaOH
concentration (55 %). DD determination is vital because

it influences chitosan's antibacterial, antifungal, and
antioxidant properties.

Morphology

The Scanning electron microscopy technique (SEM)
was used to observe the surface morphology of E.ch
and C.ch. The SEM results are shown in (Figure 2) at
different magnifications. At 50 times magnification,
some surfaces of C.ch were smooth, with no pores or
flaky particles. E.ch showed an irregular shape (50x,
Figure 2a), rough surface (500x%, Figure 2a), and tiny
pores (2000x%, Figure 2a). E.ch irregular shape was
observed because of the flake forms [40,41]. E.ch
results were supported by Arasukumar et al. [42], who
reported the same morphology on chitosan extracted
from lobster (Thenus unimaculatus) shells. Chitosan
extracted from red snapper fish (Lutjanus sp.) scales
and crab (Portunus trituberculatus) shells also showed
irregular and rough layers [43,44]. However, chitosan
extracted from insects such as cicada slough, silkworm
chrysalis, and grasshoppers reported no porosity, with
a compact surface structure different from E.ch [45].
It is hypothesised that the different morphologies of
chitosan occur because of the different sources used
to extract chitosan.
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Figure 2. SEM analysis with magnifications 50%, 500x, 2000x, and 10000x from left to right for a) E.ch and b)

Antibacterial Activity

E.ch showed low antibacterial activity against E. coli,
S. aureus, and P. aeruginosa compared to ampicillin.
However, E.ch displayed high antibacterial activity
against E. coli, S. aureus, and P. aeruginosa compared
to C.ch. The zones of inhibition (mm) of E.chand C.ch
are recorded in (Table 2) as the mean and standard
deviation. The range of zone inhibition of 0.5 mg/mL
ampicillin was measured from 23.3 + 4.93 to 30.7
3.21 (mm), while 20 mg/mL of E.ch zone of inhibition
range in between 9.7 £ 0.58 and 10.0 + 0.0 (mm). A
20 mg/mL of C.ch showed a zone of inhibition range
from 8.00 £ 1.00 to 9.7 £ 0.58 (mm). The p-value was
less than 0.05, indicating significant differences between
the average zone inhibition by E.ch, C.ch, and ampicillin
for those three types of bacteria.

Determination of MIC and MBC

The MIC values for E.ch and C.ch were the same
(2 mg/mL) for all bacteria except for C.ch, which
had no MIC value against P. aeruginosa. MIC value
for ampicillin was 0.031 mg/mL against all bacteria.
However, the MBC values for E.ch and C.ch against
E. coli, S. aureus, and P. aeruginosa could not be
determined in the 0.125 to 2 mg/mL range. This
finding reveals that the MBC value of E.ch against
P. aeruginosa might be higher than 2 mg/mL. Thus,
the concentrations of E.ch and C.ch should be

C.ch.

increased in future studies to determine the MBC
of E.ch. Meanwhile, the MBC value of ampicillin
against E. coli and S. aureus (0.032 mg/mL) were
identical except for MBC value of ampicillin against
P. aeruginosa (0.25 mg/mL). The MIC and MBC data
are shown in (Table 3). From this result, E.ch and C.ch
can only inhibit the bacteria but cannot kill them.
Ampicillin still had the highest bactericidal effect
against all those three types of bacteria. E.ch had better
antibacterial activity against P. aeruginosa than C.ch
because C.ch did not have an MIC value. In addition,
the results from the disk diffusion test showed that
E.ch had better antibacterial activity than C.ch, which
could be attributed to the higher DD of E.ch compared
to C.ch. Ke et al. [46] mentioned that the high DD of
chitosan has a greater positive charge than chitosan
with low DD. With chitosan's more significant positive
charge, the electrostatic forces between chitosan and the
negatively charged bacterial cell wall became stronger.

Other than that, Gram-negative bacteria (P.
aeruginosa) are much more susceptible to E.ch than
Gram-positive bacteria (S. aureus). Findings of the
present study support the suggestion made by Ke
et al. [46] that Gram-negative bacteria are more sensitive
to chitosan compared to Gram-positive bacteria.
The different effectiveness of chitosan against Gram-
negative and Gram-positive bacteria is caused by
their different cell membrane compositions, which
leads to different antibacterial mechanisms.

Table 2. Antibacterial activity of E.ch and C.ch against E. coli, S. aureus, and P. aeruginosa.

Bacteria Zone of inhibition (mm)
Ampicillin E.ch (20 mg/mL) C.ch (20 mg/mL)
(0.5 mg/mL)

E. coli 23.3+4.93° 9.7 £0.58° 8.0+1.0°

S. aureus 30.7 £ 3.212 9.7 +£2.08° 8.3+£1.53°

P. aeruginosa 28.7+£6.11° 10.0 = 0.00° 9.7 + 0.58°¢

Values are presented as mean + standard deviation. Means with different letters within the row indicate (p<0.05) significant

differences between the samples for each bacterium.
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Table 3. MIC and MBC of E.ch, C.ch and ampicillin (mg/mL) against E. coli, S. aureus, and P. aeruginosa.

Bacteria E.ch (mg/mL) C.ch (mg/mL) Ampicillin (mg/ml)
MIC MBC MIC MBC MIC MBC
E. coli 2 - - 0.031 0.031
S. aureus 2 - - 0.031 0.031
P. aeruginosa 2 - - 0.031 0.25

(-) indicates no MBC activity

When chitosan interacts with the negatively charged
teichoic acid in the peptidoglycan of Gram-positive
bacteria, the cell membrane can be damaged, and their
intracellular leakage allows chitosan to invade the
bacterial cell [47]. In Gram-negative bacteria, positively
charged chitosan neutralises the negative charge
of lipopolysaccharides, which can disrupt the outer
membrane, allowing chitosan to enter the cell membrane
and lead to cell death [47].

Antifungal Activity

The antifungal indices of E.ch and C.ch against A.
flavus and M. cladophyllus are shown in (Figure 3).
Mancozeb was used as a positive control, and an agar
plate without any sample was used as a negative
control. (Figure 3a) showed an increasing trend in
E.ch antifungal index from 0.08 to 0.8 mg/mL, while

C.ch showed a decreasing trend in the antifungal index
from 0.08 to 0.8 mg/mL. In 0.8 mg/mL of E.ch, no
growth of A. flavus was observed, indicating it has
the highest antifungal index compared to 0.8 mg/mL
of C.ch, which only showed a 16 % antifungal index.
However, Mancozeb still had the highest antifungal
activity due to the absence of A. flavus growth observed
atall concentrations. Furthermore, there was a significant
difference (p<0.05) between E.ch and C.ch at different
concentrations against A. flavus. Based on (Figure 3b),
E.ch, C.ch, and Mancozeb antifungal index against M.
cladophyllus increased with increasing concentration.
C.ch showed a higher antifungal index at all
concentrations than E.ch. However, Mancozeb still
possessed the highest antifungal index compared with
E.chand C.ch. Thus, there was a significant difference
(p<0.05) between E.ch, C.ch, and Mancozeb against
M. cladophyllus.

a A. flavus
) 120 f
“ | E.chl | C.ch | Mancozeb
100 c
80+
<
=
£ d
= 901 B
=
: :
e 40—
< d
20 - . d
0 T | :
0.08 04 0.8

Concentration (mg/mL)
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Figure 3. The effect of E.ch, C.ch, and Mancozeb with concentrations ranging from 0.08 to 0.8 mg/mL towards
the growth of a) A. flavus and b) M. cladophyllus. Different letters indicate (p<0.05), where significant
differences exist while same letters represent no significant differences.

The antifungal activity of chitosan occurs via
two mechanisms. First, polycationic chitosan attracts
and attaches to the anionic fungal cell membrane,
disrupting cell permeability [40]. Changes in cell
permeability cause leakage of intracellular content [8].
Second, chitosan can enter fungal cells and inhibit
MRNA and protein synthesis by adsorbing all essential
nutrients [8]. However, each fungus has different
defence mechanisms against foreign substances;
therefore, the antifungal mechanism of chitosan can
differ based on the fungus species. Alves et al. [48]
reported that the antifungal mechanism of chitosan
against A. flavus disturbed the spore and conidiophore
populations by electrostatic interaction between chitosan
and the A. flavus cell membrane. Other than fungus
species, DD, Mw, and sample concentration can
influence the antifungal activity of chitosan [9,49].
In addition, Kulawik et al. [50] reported that high
DD and low Mw chitosan had high antifungal activity
against Candida albicans. Chitosan with a high DD
possessed many free amino groups that were positively
charged, so it can increase the antifungal activity,
which explains the high antifungal index of E.ch
against A. flavus compared to C.ch because E.ch
has a higher DD than C.ch [35]. The present result,
supported by Alves et al. [48], showed that 97 % of
DD of chitosan has high antifungal activity compared
to 79 % of DD of commercial chitosan. However,
the antifungal activity of E.ch was lower than C.ch
against M. cladophyllus, which explains why chitosan's

antifungal activity depends on the fungal species.
DPPH Radical Scavenging Activity

DPPH was used to estimate the testing antioxidant
capacity (TAC) of C.ch and E.ch. Antioxidants are
defined as the ability of a compound to inhibit free
radical chain reactions by complexing with them [51].
In addition, the antioxidant compound must also be
able to scavenge reactive radicals and produce a new
stable radical, which changes colour from violet
to pale yellow [51,52]. The results of the DPPH
radical scavenging activities of ascorbic acid, C.ch,
and E.ch are shown in (Figure 4). E.ch showed a
higher scavenging activity than C.ch. However, the
ascorbic acid still had the highest scavenging activity,
from 92.12 % to 95.3 % at 0.1 to 1.0 mg/mL, compared
to C.ch and E.ch. At 1.0 mg/mL, E.ch (30.78 %) had
the highest scavenging activity compared to C.ch
(25.58 %). Sarbon et al. [16] mud crab chitosan also
showed 30 % DPPH scavenging activity at 10 mg/mL.
E.ch had high scavenging activity due to its high DD
compared to C.ch, in which more amine in E.ch reacts
with DPPH to form stable molecules. In addition, C.ch
has a higher viscosity and medium Mw than E.ch.
Thus, C.ch has a robust intramolecular hydrogen
bond, which restricts the reaction of amines with
DPPH [53]. Muthu et al. [54] also stated that chitosan
scavenging ability depends on DD and Mw, which
supports these results.
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Figure 4. DPPH scavenging activity of ascorbic acid, C.ch, and E.ch. Means with different letters indicate
(p<0.05), significant differences exist between the samples type at same concentration. Means with same
letters indicate no significant differences between the samples type with similar concentration.

CONCLUSION

In conclusion, the physicochemical and biological
properties of E.ch were characterized. E.ch obtained
in this study possessed a higher DD than C.ch but had
a lower viscosity than C.ch. There was a significant
difference in the antibacterial activity between E.ch
and C.ch, with E.ch showed much better antibacterial
activity than C.ch. The similarity of MIC value (2
mg/mL) of E.ch and C.ch against E. coli, S. aureus
was revealed in this study except for MIC value
of C.ch against P. aeruginosa. However, the MBC
value of E.ch and C.ch could not be determined at
concentrations ranging from 0.125 to 2 mg/mL against
E. coli, S. aureus, and P. aeruginosa. This research
shows that 2 mg/mL of E.ch can only inhibit the
bacteria growth but not as bactericidal agent. Therefore,
the concentrations of E.ch and C.ch should be increased
in future studies to determine their MBC values.

Furthermore, there was a significant difference
between the antifungal activities of E.ch and C.ch
against A. flavus. E.ch showed better antifungal activity
against A. flavus than C.ch. However, C.ch had a higher
antifungal index against M. cladophyllus than E.ch.
The antifungal indices of E.ch and C.ch increased when
their concentrations were increased. However, the anti-
fungal activity of E.ch was found to be dependent on the
fungal species. Besides, E.ch showed better antioxidant
activity than C.ch. E.ch had better antibacterial, anti-

fungal, and antioxidant activities than C.ch because
of its high DD. Thus, E.ch from mud crab shells has
the potential for further modification to enhance its
functionality for future agricultural and pharmaceutical
applications.

ACKNOWLEDGEMENTS

We acknowledge financial support from the Tun
Ahmad Zaidi Chair research grant (C09/TZC/2158/
2021). In addition, we would like to acknowledge the
Excellent Student Programme (PPC), sponsored by
the Public Service Department (PSD), for financial
support in completing this research. Furthermore,
we would like to thank the Centre of Pre-University
Studies and the Faculty of Research Science and
Technology, Universiti Malaysia Sarawak (UNIMAS),
for providing excellent facilities for this research.

REFERENCES

1. Fazhan, H., Azra, M. N., Halim, S. A., Naimullah,
M., Abualreesh, M. H., Shu-Chien, A. C., Wang,
Y., Fujaya, Y., Syahnon, M., Ma, H., Waiho, K.
and Ikhwanuddin, M. (2022) Species composition,
abundance, size distribution, sex ratios, and
movement of Scylla mud crabs within the man-
grove ecosystem at Setiu Wetland, Terengganu,
Malaysia. Frontiers in Marine Science, 9.



177 Norhaliza Ahad, Awang Ahmad Sallehin

10.

11.

12.

Awang Husaini, Sumiyyah Sabar,
and Wan Roslina Wan Yusof

Knidri, H. E., Laajeb, A. and Lahsini, A. (2020)
Chitin and Chitosan: Chemistry, Solubility, Fiber
Formation, and Their Potential Applications,
Elsevier.

Gulati, S. (2022) Chitosan-Based Nanocomposite
Materials: Fabrication, Characterization and Bio-
medical Applications, Springer Nature.

Ahmed, S. and lkram, S. (2017) Chitosan:
Derivatives, Composites and Applications, John
Wiley & Sons.

Younes, I. and Rinaudo, M. (2015) Chitin and
chitosan preparation from marine sources. Structure,
properties and applications. Marine Drugs, 13(3),
1133-1174.

Azmana, M., Mahmood, S., Hilles, A. R., Rahman,
A., Arifin, M. A. Bin and Ahmed, S. (2021) A
review on chitosan and chitosan-based bionano-
composites: Promising material for combatting
global issues and its applications. International
Journal of Biological Macromolecules, 185,
832-848.

Ali, M., Shakeel, M. and Mehmood, K. (2019)
Extraction and characterization of high purity
chitosan by rapid and simple techniques from
mud crabs taken from Abbottabad. Pak. J. Pharm.
Sci., 32(1).

Hajji, S., Younes, I., Rinaudo, M., Jellouli, K.
and Nasri, M. (2015) Characterization and in
vitro evaluation of cytotoxicity, antimicrobial
and antioxidant activities of chitosans extracted
from three different marine sources. Applied
Biochemistry and Biotechnology, 177(1), 18-35.

De Souza, R. H. F. V., Takaki, M., De Oliveira
Pedro, R., Gabriel, J. D. S., Tiera, M. J. and De
Oliveira Tiera, V. A. (2013) Hydrophobic effect
of amphiphilic derivatives of chitosan on the anti-
fungal activity against Aspergillus flavus and Asper-
gillus parasiticus. Molecules, 18(4), 4437-4450.

Akram, S., Ahmed, A., He, P., He, P., Liu, Y.,
Wu, Y., Munir, S. and He, Y. (2023) Uniting the
role of endophytic fungi against plant pathogens
and their interaction. Journal of Fungi, 9(1).

Nurhayat, O. D., Putra, I. P., Anita, S. H. and
Yanto, D. H. Y. (2021) Notes some macrofungi
from Taman Eden 100, Kawasan Toba, Sumatera
Utara, Indonesia: Description and its potency.
Bioeduscience, 5(1).

Pham, M. T., Huang, C. and Kirschner, R. (2020)
First report of the oil palm disease fungus
Marasmius palmivorus from Taiwan causing
stem rot disease on native Formosa palm Arenga

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

Preliminary Study on Physicochemical and
Biological Properties of Chitosan Extracted
from Mud Crab (Scylla olivacea) Shells

engleri as new host, in Applied Microbiology,
70(3).

Galindo-Solis, J. M., Fernandez, F. (2022) Endo-
phytic fungal terpenoids: Natural role and bio-
activities, Microorganisms, 10(2).

Pambudi, G. B. R., Ulfin, I., Harmami, H.,
Suprapto, S., Kurniawan, F. and Ni’Mah, Y. L.
(2018) Synthesis of water-soluble chitosan from
crab shells (Scylla serrata) waste. AIP Conference
Proceedings, 2049.

Pyar Aung, K., Zin Win, S. and Lin Thu, S.
(2018) Study on chitin extraction from crab
shells waste. International Journal of Science
and Engineering Applications, 7(11).

Sarbon, N. M., Sandanamsamy, S., Kamaruzaman,
S.F. S.and Ahmad, F. (2015) Chitosan extracted
from mud crab (Scylla olivicea) shells: Physico-
chemical and antioxidant properties. Journal of
Food Science and Technology, 52(7), 4266-4275.

Triunfo, M., Tafi, E., Guarnieri, A., Salvia, R.,
Scieuzo, C., Hahn, T., Zibek, S., Gagliardini, A.,
Panariello, L., Coltelli, M. B., De Bonis, A. and
Falabella, P. (2022) Characterization of chitin
and chitosan derived from Hermetia illucens,
a further step in a circular economy process.
Scientific Reports, 12(1).

Fatima, B. (2020) Quantitative analysis by IR:
Determination of chitin/chitosan DD, in Modern
Spectroscopic Techniques and Applications,
IntechOpen.

Lopez-Veldzquez, J. C., Haro-Gonzélez, J. N.,
Garcia-Morales, S., Espinosa-Andrews, H.,
Navarro-Lépez, D. E., Montero-Cortés, M. I. and
Qui-Zapata, J. A. (2021) Evaluation of the physico-
chemical properties of chitosans in inducing the
defense response of Coffea arabica against the
fungus Hemileia vastatrix, Polymers, 13(12).

Zhang, J., Tan, W., Wei, L., Dong, F., Li, Q. and
Guo, Z. (2019) Synthesis, characterization, and
antioxidant evaluation of novel pyridylurea-
functionalized chitosan derivatives. Polymers, 11(6).

Bhalodia, N. R., Nariya, P. B. and Shukla, V. J.
(2011) Antibacterial and antifungal activity from
flower extracts of Cassia fistula L.: An ethno-
medicinal plant. International Journal of Pharm-
Tech Research, 3(1), 160-168.

Zhang, J., Tan, W., Luan, F., Yin, X, Dong, F.,
Li, Q. and Guo, Z. (2018) Synthesis of quaternary
ammonium salts of chitosan bearing halogenated
acetate for antifungal and antibacterial activities.
Polymers, 10(5).



178 Norhaliza Ahad, Awang Ahmad Sallehin

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Awang Husaini, Sumiyyah Sabar,
and Wan Roslina Wan Yusof

Suliman, E. and Suliman, K. (2015) Preparation,
Characterization and Some Biological Activities
of Water Soluble Chitosan Derivatives, Ph.D.
Thesis, Universiti Sains Malaysia (USM), Penang,
Malaysia.

Si Trung, T. and Bao, H. N. D. (2015) Physico-
chemical properties and antioxidant activity of
chitin and chitosan prepared from pacific white
shrimp waste. International Journal of Carbo-
hydrate Chemistry, 2015, 1-6.

Sun, X., Zhang, J., Mi, Y., Chen, Y., Tan, W.,
Li, Q., Dong, F. and Guo, Z. (2020) Synthesis,
characterization, and the antioxidant activity of
the acetylated chitosan derivatives containing
sulfonium salts. International Journal of Bio-
logical Macromolecules, 152, 349-358.

Roslina, W., Yusof, W., Amir, M., Noh, A., Aimuni,
N., Aziz, A., Ahmad, N. M., Ahmad, A. and Husaini,
S. A. (2019) Comparative studies on physico-
chemical characterization, antioxidant and anti-
bacterial activity of chitosan extracted from Scylla
paramamosain and Penaeus monodon shells.
Malays. Appl. Biol., 48(5).

Fadlaoui, S., El Asri, O., Mohammed, L., Sihame,
A., Omari, A. and Melhaoui, M. (2019) Isolation
and characterization of chitin from shells of the
freshwater crab Potamon algeriense. Progress
on Chemistry and Application of Chitin and Its
Derivatives, 24, 23-35.

Hajji, S., Younes, I., Ghorbel-Bellaaj, O., Hajji,
R., Rinaudo, M., Nasri, M. and Jellouli, K. (2014)
Structural differences between chitin and chitosan
extracted from three different marine sources.
International Journal of Biological Macro-
molecules, 65, 298-306.

Cadano, J. R., Jose, M., Lubi, A. G., Maling, J.
N., Moraga, J. S., Shi, Q. Y., Vegafria, H. M. and
VinceCruz-Abeledo, C. C. (2021) A comparative
study on the raw chitin and chitosan yields of
common bio-waste from Philippine seafood.
Environmental Science and Pollution Research,
28(10), 11954-11961.

Metin, C., Alparslan, Y., Baygar, T. and Baygar,
T. (2019) Physicochemical, microstructural and
thermal characterization of chitosan from blue
crab shell waste and its bioactivity characteristics.
Journal of Polymers and the Environment, 27(11),
2552-2561.

Pellis, A., Guebitz, G. M., Nyanhongo, G. S. (2022)
Chitosan: Sources, processing and modification
techniques. Gels, 8(7).

Ogretmen, O. Y., Karsli, B. and Caglak, E. (2022)
Extraction and physicochemical characterization

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Preliminary Study on Physicochemical and
Biological Properties of Chitosan Extracted
from Mud Crab (Scylla olivacea) Shells

of chitosan from pink shrimp (Parapenaeus
longirostris) shell wastes. Tarim Bilimleri Dergisi,
28(3), 490-500.

Van Den Broek, L. A. M. and Boeriu, C. G.
(2020) Chitin and Chitosan: Properties and
Applications, John Wiley & Sons.

Nurhayati, Y., Nor, N., Ibrahim, I. E., Ghani, A. A.,
Yew, J. and Tang, H. (2022) Effect of different
deacetylation parameters on the physicochemical
properties of chitosan from shrimp shell waste.
Bioscience Research, 19(Sl-1), 286-294.

Avelelas, F., Horta, A., Pinto, L. F. V., Marques,
S. C., Nunes, P. M., Pedrosa, R. and Leandro, S.
M. (2019) Antifungal and antioxidant properties
of chitosan polymers obtained from nontraditional
Polybius henslowii sources. Marine Drugs, 17(4).

No, H. K., Youn, D. K., Byun, S. M. and
Prinyawiwatkul, W. (2013) Physicochemical
and functional properties of chitosans affected by
storage periods of crab leg shell. International
Journal of Food Science and Technology, 48(5),
1028-1034.

Mulyani, R., Mulyadi, D. and Yusuf, N. (2019)
Preparation and characterization of chitosan
membranes from crab shells (Scylla olivacea)
for beverage preservative. Jurnal Kimia Valensi,
5(2), 242-247.

Kozma, M., Acharya, B. & Bissessur, R. (2022)
Chitin, chitosan, and nanochitin: Extraction,
synthesis, and applications. Polymers, 14(19), 3989.

Kumari, S. and Kishor, R. (2020) Chitin and
chitosan: Origin, properties, and applications, in
Handbook of Chitin and Chitosan Preparation
and Properties, Elsevier eBooks.

Asokogene, O. F., Zaini, M. A. A,, Idris, M. M.,
Abdulsalam, S. and Usman, A. E. N. (2019)
Physicochemical properties of oxalic acid-
modified chitosan/neem leave composites from
Pessu river crab shell. International Journal of
Chemical Reactor Engineering, 17(9).

Kumari, S., Kumar Annamareddy, S. H., Abanti,
S. and Kumar Rath, P. (2017) Physicochemical
properties and characterization of chitosan
synthesized from fish scales, crab and shrimp
shells. International Journal of Biological Macro-
molecules, 104, 1697-1705.

Arasukumar, B., Prabakaran, G., Gunalan, B. and
Moovendhan, M. (2019) Chemical composition,
structural features, surface morphology and bio-
activities of chitosan derivatives from lobster
(Thenus unimaculatus) shells. International Journal
of Biological Macromolecules, 135, 1237-1245.



179 Norhaliza Ahad, Awang Ahmad Sallehin

43.

44,

45,

46.

47.

48.

49.

Awang Husaini, Sumiyyah Sabar,
and Wan Roslina Wan Y usof

Li, B.,, Wu, X., Bao, B., Guo, R., & Wu, W.
(2021) Evaluation of a-chitosan from crab shell
and B-chitosan from squid gladius based on bio-
chemistry performance. Applied Sciences, 11(7).

Takarina, N. D. and Fanani, A. A. (2017)
Characterization of chitin and chitosan synthesized
from red snapper (Lutjanus sp.) scale’s waste, in
AIP Conference Proceedings, 1862.

Luo, Q., Wang, Y., Han, Q., Ji, L., Zhang, H.,
Fei, Z. and Wang, Y. (2019) Comparison of the
physicochemical, rheological, and morphologic
properties of chitosan from four insects. Carbo-
hydrate Polymers, 209, 266-275.

Ke, C. L., Deng, F. S., Chuang, C. Y. and Lin, C.
H. (2021) Antimicrobial actions and applications
of chitosan. Polymers, 13(6).

Yan, D., Li, Y., Liu, Y., Li, N., Zhang, X. and
Yan, C. (2021) Antimicrobial properties of chitosan
and chitosan derivatives in the treatment of
enteric infections. Molecules, 26(23).

Alves, A. C. R. S., Lima, A. M. F., Tiera, M. J.
and De Oliveira Tiera, V. A. (2019) Biopoly-
meric films of amphiphilic derivatives of chitosan:
A physicochemical characterization and anti-
fungal study. International Journal of Molecular
Sciences, 20(17).

El-Mohamedy, R. S. R., Abd El-Aziz, M. E. and
Kamel, S. (2019) Antifungal activity of chitosan

50.

51.

52.

53.

54,

Preliminary Study on Physicochemical and
Biological Properties of Chitosan Extracted
from Mud Crab (Scylla olivacea) Shells

nanoparticles against some plant pathogenic fungi
in vitro. Agricultural Engineering International:
CIGR Journal, 21(4), 201-209.

Kulawik, P., Jamroz, E. and Ozogul, F. (2019)
Chitosan for seafood processing and preservation,
in Sustainable Agriculture Reviews 36, Springer
Nature Switzerland AG.

Christodoulou, M. C., Orellana Palacios, J. C.,
Hesami, G., Jafarzadeh, S., Lorenzo, J. M.,
Dominguez, R., Moreno, A. and Hadidi, M. (2022)
Spectrophotometric methods for measurement of
antioxidant activity in food and pharmaceuticals.
Antioxidants, 11(11).

Song, C., Yu, H., Zhang, M., Yang, Y. and Zhang,
G. (2013) Physicochemical properties and anti-
oxidant activity of chitosan from the blowfly
Chrysomya megacephala larvae. International
Journal of Biological Macromolecules, 60,
347-354.

Wan, A., Xu, Q., Sun, Y. and Li, H. (2013) Anti-
oxidant activity of high molecular weight chitosan
and N,O-quaternized chitosans. Journal of Agri-
cultural and Food Chemistry, 61(28), 6921-6928.

Muthu, M., Gopal, J., Chun, S., Devadoss, A. J.
P., Hasan, N. and Sivanesan, I. (2021) Crustacean
waste-derived chitosan: Antioxidant properties
and future perspective. Antioxidants, 10(2), 1-27.



