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Products derived from shrimp constitute 7.2 lakh tonnes of frozen shrimp exported
during 2022-2023, positioning them as the largest contributors to India's total seafood exports
in both quantity and value. This volume accounts for nearly 45% of the total exports for the
specified period (MPEDA, 2023). In India, the organized shrimp processing sector generates a
significant amount of waste, potentially representing 40-60% of the total weight of the shrimp.
This substantial waste output can be transformed into a valuable biopolymer, chitosan, sourced
from marine crustaceans’ exoskeletons, particularly from shrimp, through demineralization,
deproteination, and deacetylation processes. The shell of the shrimp Fenneropenaeus indicus
was harvested and processed to yield chitosan with a Degree of Deacetylation (DD) of 79%.
Chitosan was subsequently treated with sodium hydroxide (NaOH) and monochloroacetic acid
in various concentrations at multiple temperature levels and time intervals to determine the
optimal formulation for producing Carboxy Methyl Chitosan (CMCS). The ideal conditions
for CMCS production were identified as a concentration of 60% sodium hydroxide (NaOH)
and 40% concentration of monochloroacetic acid (MCA) at 60°C for 2 hrs. The Degree of
Substitution (DS) for CMCS exceeded 50% across all samples and was characterized using FTIR
spectroscopy and solubility tests. The antibacterial properties of CS and CMCS are evaluated

against Staphylococcus aureus and Pseudomonas aeruginosa, demonstrating sensitivity.

Keywords: Chitosan (CS); Carboxy methyl chitosan (CMCS); Degree of deacetylation (DD);
FTIR, Antibacterial activity; Shrimp.

Global research focuses on converting
waste into valuable resources; in this regard, the
significant waste discarded in marine environments
can be transformed into a biopolymer utilized
across multiple applications. One of these polymers
is chitin, which can be found in the shells of marine
crustaceans such as shrimp.' The shrimp production
industry disposes of 3. 8 million tons of waste
worldwide every year.” The primary source for
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large-scale production of chitin and its derivatives
is the shell waste from crustaceans.’ Chitin is
the second most common biopolymer following
cellulose. Chitosan, a cationic polysaccharide
derived from chitin, possesses numerous unique
physical, chemical, and biological properties,
which include physico-chemical characteristics
like molecular weight, degree of acetylation
(DA), and degree of crystallinity,* as well as
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biological traits such as biocompatibility and
biodegradability.’ Despite its many properties,
chitosan is only soluble in acidic solutions, limiting
some of its biomedical applications.® Chitosan and
its derivatives are renewable, non-toxic to human
cells, and environmentally friendly.’ Chitosan finds
extensive use in various biomedical applications,
including anti-inflammatory treatments,’
drug delivery,® wound dressings,’ antidiabetic
measures,'® anticoagulant therapies, antibacterial
applications, fat binding, haemostatic effects, and
hypocholesterolemic benefits. '' The solubility of
chitosan is achieved through depolymerization
and chemical modifications.'? The reactive amino
groups, both primary and secondary alcohols, can
be chemically altered to change their properties.
Chitosan undergoes chemical modifications
such as quaternization, hydrophilization,
phosphorylation, and carboxymethylation to
enhance its water solubility. The derivatives
that are water-soluble are mainly prepared via
quaternization or by adding hydrophilic groups like
hydroxypropyl, dihydroxyethyl, hydroxylamine,
sulfate phosphate, carboxyl groups such as
carboxymethyl, carboxyethyl, and carboxybutyl,
or by grafting water-soluble polymers onto the
macromolecular chain of chitosan."”* Any of the
aforementioned methods can be employed to create
various derivatives of chitosan. Among the other
water-soluble derivatives, carboxymethyl chitosan
(CMCS) has garnered considerable attention
and has been extensively studied due to its easy
synthesis, water solubility, ampholytic nature, and
wide range of applications.” CMCS is primarily
utilized in biomedical fields, serving roles as a
bactericide ' in tissue engineering, ® as a blood
anticoagulant, '* in wound dressings, as a moisture-
retention agent, and for drug administration '¢ and
haemostatic material. 7

The aim of this study is to extract chitin
from the exoskeletons of marine crustaceans,
which are regarded as waste in coastal regions,
and transform it into chitosan (CS). The chitosan
is insoluble in water at a neutral pH, so it is
subsequently modified into a water-soluble
biopolymer known as Carboxy Methyl Chitosan
(CMCS), recognized for its beneficial properties in
the pharmaceutical sector. During the conversion
from CS to CMCS, various factors such as the
acid-alkali ratio, alkalization time, and alkalization
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temperature are systematically altered to identify
the optimal conditions for generating high-quality
CMCS that is appropriate for pharmaceutical uses.

MATERIALS AND METHODS

Preparation of chitosan

The shell of the Indian shrimp F. indicus
was gathered and rinsed in boiling water to
eliminate the adhered flesh and subsequently air-
dried and then dried in an oven for 24 hours at 80°
C'8. The desiccated samples were finely milled
into powder using an electric blender and kept
in an airtight container. For 30 minutes 20 g of
the powder was treated with IN HCI in the ratio
(W/V) at 30+£2°C. After that, it was rinsed under
tap water until the pH of the processed sample
turned neutral. Then for 2 hours the sample was
deproteinized using 3.5 % NaOH in 1:10 (W/V)
ratio at 75°C. The sample was washed further with
tap water until its pH became neutral. The sample
underwent treatment at 120°C for 3 hours with 60
% NaOH 1:10 (W/V) ratio, followed by a water
wash, neutralization with tap water, and drying for
4 hours at 60°C.
Physical parameters

The physical parameters such as yield
percentage, moisture content, solubility test, ash
test, water binding, and fat binding capacity of the
chitosan sample was analysed.
Solubility test

To evaluate the samples solubility test
by dissolving 0.1 g of produced chitosan was
dissolved in 10 ml of 1% acetic acid in triplicates
in centrifuge tube of known weight . This was
incubated in a shaker incubator at 25° C at 240 xg
for 30 min. The mixture was then centrifuged at
500xg for 10 min after being heated for 10 min
in a boiling water bath and cooled to 25UC. The
supernatant was discarded and the undissolved
particles washed in 25 ml of distilled water. The
remaining particles were dried in an oven and the
mass of the particle is weighed and the solubility
was calculated using the formula 1

Solubility = [Initial weight of the tube + chitosan
— final weight of the tube + chitosan / Initial
weight of the tube + chitosan- Weight of empty
tube ] x100
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Determination of sulphated ash and inorganics
in the sample

One gram of the sample was taken in a
crucible that was weighed in an order to determine
the inorganics in the sample in accordance with the
Brazilian Pharmacopeia®. One millilitre of strong
sulphuric acid added to wet the sample and then
heated slowly until it charred. After cooling the
sample, 1 ml of strong sulphuric acid was added
to the sample in the crucible and heated at 600U
C and kept there until the sample is completely
ignited. The crucible was weighed after cooling in
a desiccator. Until the constant weight gained, the
cycle of heating and cooling repeated. The contents
of sulphated ash are calculated as,

Sulphated ash (%) =W2-W1/Wx100

Where,

W is the weight of the original test sample (before
ashing)

W1, is the weight of the empty crucible (before
ignition)

W2, weight of crucible and ash (after ignition)
Water binding capacity (WBC)

In a centrifuge tube 10ml of distilled
water combined with 0.5 g of produced chitosan
and mixed thoroughly. After 30 min of intermittent
shaking at room temperature the contents were
centrifuged for 25 min at 3500xg. The supernatant
was decanted, and the tube was weighed.!

WBC (%) = [ (Water bound) g / (Initial
sample) g | x 100

Fat binding capacity (FBC)

In a centrifuge tube, 10 ml of soy bean oil
and 0.5 g of produced chitosan are combined and
carefully mixed??. After 30 minutes of sporadic
shaking (5 s every 10 min) at room temperature, the
contents were centrifuged for 25 minutes at 3500
xg. The tube was weighed after the supernatant
was decanted. FBC was determined in this way:

FBC (%) = [(Fat bound) g / (Initial sample
weight) g ] x 100

Determination of the degree of deacetylation
(DD)
After mixing 200 mg of KBr with 4 g of

1191

the sample, the mixture was shaped into pellets. At
25°C+2°C, pellets were scanned in the 400-4000
cm' spectral region. A Shimadzu spectrometer
was used to record the infrared spectra at room
temperature while utilizing the KBr. The formula
was used to determine the chitosan’s degree of
deacetylation (DD).?

DD (%) = (A3450/A1655-0.38)+1.33x100

Where,
A, represents the absorbance at 3450 cm’!
A s denotes the absorbance at 1655 cm™,

0.38 and 1. 3 are constants.

Preparation and optimization of carboxy methyl
chitosan

The preparation technique was slightly
adjusted to determine the optimal concentration
for the creation of CMCS, and the optimum
concentration was chosen based on the FTIR
spectrum and was selected for further investigation.
Treatment of chitosan with sodium hydroxide

A magnetic stirrer was used to mix 50 ml
of isopropanol with 2g of chitosan for two hours
at room temperature*. Sodium hydroxide was then
added at 20%, 40%, and 60% aqueous NaOH,
which was refluxed at 85° C every half an hour.
This was followed by the addition of 100 ml of 60%
aqueous mono chloroacetic acid in five equal steps
over ten minutes. For an additional eight hours, the
mixture was heated at 65° C while being stirred.
In order to neutralize the reaction mixture, 4M
HCL was added drop wise. The resulting CMCS
was precipitated using methanol after that the
undissolved residue was removed by filtering. After
being filtered and rinsed with a 3:1 methanol/water
ratio, the finished product was allowed to air dry.
The ideal concentration of sodium hydroxide for
the formation of CMCS will be selected for further
treatment based on the results.
Treatment of chitosan with chloroacetic acid

Using a magnetic stirrer, 50 ml of
isopropanol and 2g of chitosan were combined and
allowed to sit at room temperature for two hours®.
After that, at 85° C, the ideal sodium hydroxide
concentration was added and refluxed every 30
minutes. One hundred millilitres of aqueous mono
chloroacetic acid at 20%, 40%, and 60% were then
added in five equal steps over ten minutes. For an
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additional eight hours, the mixture was heated at
65° C while being stirred. The reaction mixture
was neutralized by incrementally adding 4M
HCL. The mixture was allowed to cool and was
filtered. The undissolved residue was removed by
filtration, and the resulting CMCS was precipitated
using methanol. The final product was filtered and
washed with methanol and water in a 3:1 ratio
and air-dried. Based on the findings, the optimal
concentration of mono chloroacetic acid for CMCS
production will be chosen for further processing.
Determination of optimum alkalization time
Using a magnetic stirrer, 50 ml of
isopropanol and 2g of chitosan were mixed for
two hours at room temperature **. After that, the
sodium hydroxide concentration was optimized
and refluxed at 85° C for one, two, three, four, and
six-hour intervals. Five equal parts of the optimal
concentration of mono chloroacetic acid were then
added over the course of ten minutes. The mixture
was cooked for eight hours at 65° C while being
stirred. After being progressively added to the
reaction mixture, 4M HCL was used to neutralize
it. Before being filtered, the mixture was given time
to cool. After filtering out the undissolved residue,
methanol was used to precipitate the resultant
CMCS. The product was filtered, rinsed with a 3:1
solution of methanol and water, and allowed to air
dry. The duration of the reaction for the production
of CMCS in successive treatments was determined
by the results, which also determined the optimal
alkalization time.
Determination of alkalization Temperature
For two hours, 50 ml of isopropanol and
2g of chitosan were mixed in a magnetic stirrer
at room temperature®. The sodium hydroxide
concentration was then added and refluxed at 40°C,
50°C, 60°C, and 70°C for the optimal amount of
time. After that, five equal portions of the optimal
concentration of mono chloroacetic acid were
administered over the course of ten minutes. For
eight hours, the mixture was heated at 65° C while
being stirred. 4M HCL was progressively added to
the reaction mixture in order to neutralize it. After
cooling, the mixture was filtered. After filtering
out the undissolved residue, methanol was used to
precipitate the resulting CMCS. After filtering, the
product was rinsed with a 3:1 solution of methanol
and water and left to air dry. According to the
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findings, the ideal alkalization temperature was
chosen to be the alkalization reaction temperature
for the production of CMCS.
Physical Characterisation
Determination of degree of substitution (DS)
The titrimetric approach was used to
determine the CMCS’s degree of substitution
(DS).* 20 millilitres of distilled water were used
to dissolve a 0.10 gram sample. Standard 0.10 M
hydrochloric acid was added to the solutions to
bring their pH down to less than 2. After titration
of the solutions with 0.050 M standard aqueous
NaOH, the pH readings were simultaneously
recorded while being constantly stirred until it
reaches 11.5.

DS=161A/M - 58A

Where,

The volume of NaOH solution recorded
between the two inflection points, C, is equal
to A=V NaOH x C NaOH. m is the mass of the
samples, and NaOH is the molarity of the aqueous
NaOH (0.050 mol/L); the molecular weights of the
carboxymethyl group and glucosamine are 58 and
161, respectively.

Characterization using FTIR spectra

The functional groups in CS and CMCS
samples were examined by Fourier infrared
spectrophotometer (JASCO FT/IR-4600 type A
Serial Number E168661786 Accessory ATR PRO
ONE) in the 4004000 cm-1 spectral region
Solubility tests

The materials’ water solubility was
evaluated by visual inspection at room temperature.
Using a vortex mixer, 20 mg of the material was
first dissolved in 100 ml of distilled water and
well mixed. Following the achievement of a
clear solution, 10 mg was added repeatedly until
precipitation happened. The solubility limit level
was defined as the total amount of product added”".
Chitosan’s and carboxymethyl chitosan’s
antimicrobial properties

The concentrations of chitosan and
carboxymethyl chitosan were made as 100 mg,
15 mg, 20 mg, and 30 mg. In nutrient broth,
fresh cultures of S.aureus and P. aeruginosa
were created, and the inoculum was adjusted to a
predetermined concentration, typically between 1
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and 108 CFU/mL. The test organism was dispersed
over the agar’s surface. 20 uL of each concentration
was added to the properly labeled plates for the test
species, such as Paeruginosa and S. aureus, after
wells were made using a gel puncture. The test
control was streptomycin sulphate (0.1%). For 18
to 24 hours, the plates were incubated at 37°C. The
diameter of the inhibition zone was used to measure
the antibacterial activity of CS and CMCS . %

Fig. 1. Chitosan
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RESULTS

Preparation of chitosan

The yield of extracted chitosan was
determined to be 36%, with a moisture content
of 4.4%, ash content of 1.9%, pH of 7. 3 and the
chitosan were observed to be creamy white flakes
(Fig. 1). The WBC of the sample was measured
at 654 and the FBC was measured at 400. The

Fig. 2. Carboxy methyl chitosan

Solubility of chitosan treated with NaOH at
different time intervals
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Fig. 3. Solubility of chitosan treated with NaOH at different time intervals
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degree of deacetylation was calculated to be 79.
4%. Chitosan exhibited solubility in 1% acetic
acid and was insoluble in water. The chitosan that
was obtained has a degree of deacetylation (DD)
of 79%. A DD above 70 % or close to 80 % is
considered to be high quality chitosan.
Preparation and optimization of carboxy methyl
chitosan

Chitosan was converted to carboxymethyl
chitosan, and in certain cases, the samples’ water

Solubility
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solubility was found to be partial, while in other
cases, it was very high. The degree of CMCS
substitution was 50%, and the CMCS was seen
as delicate white flakes (Fig. 2). In comparison to
other samples, the sample treated with 60% NaOH
(Fig. 4),60% C (Fig. 5), 2 hours of alkalization(Fig.
3), and 40% acid(Fig. 6) was found to be highly
soluble this might be because the FTIR spectra (Fig.
8—11) indicated the existence of hydrophilic groups
in these samples. According to particular criteria,

of Chitozan Treated

with NaOH at different concentration
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Fig. 4. Solubility of chitosan treated with different alkali ratios

Solubility of chitosan
treated with different acid ratio
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oeE38

Acid ratio

Fig. 5. Solubility of Chitosan Treated with acid at different concentrations
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some samples exhibited just partial water solubility,
while others showed noticeably great solubility.
All samples’ solubility values were analysed using
means plus or minus standard deviation, and the
results were displayed visually (Fig. 3-6).
Modification of chitosan to carboxymethyl
chitosan
FTIR Spectrum

Chitosan’s characteristic spectra were
found at 3450 cm™, 2877 cm’!, 1425 cm’!, 1087
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m™, and 898 cm’', respectively (Fig.7). These
spectra showed the existence of ring stretching,
amino stretching, CH stretching, Amide C=0
stretching, and CO stretching (Fig. 7). The alkali
ratio, the alkalization timing, the acid ratio, and the
alkalization temperature are the four crucial factors
in the conversion of chitosan to carboxymethyl
chitosan CMCS. The sample treated at 60°C showed
hydroxyl stretching at 3312 cm™', C-H stretching at
2924 cm™, C=0 stretching (carboxyl group) at 1712

Solubility of chitosan treated with
NaOH at different Temperatures

150

8

50°C

[}

solubilty walue
(9,
o

70°C

Temp erature

Fig. 6. Solubility of Chitosan Treated with NaOH at different temperatures
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Fig. 7. FTIR spectrum of CS
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cm, and asymmetric COO- stretching at 1591
cm with respect to the alkalization temperature
(Fig.8). The carboxymethyl chitosan is represented
by these distinctive peaks. It was found that the
ideal temperature for converting CS to CMCS
was 60°C out of all the temperature ranges.
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When it came to alkali concentration, chitosan
CS treated with 60% sodium hydroxide showed
C-H stretching in the alkanes, which is pertinent
to the chitosan backbone at 2915 cm’!, and C=0
stretching in the carbonyl-containing functional
group, which is equivalent to the carboxyl group

Alkalization temperature
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+40 |

Transmission %

+20

0]

) T
37547251 3079.7617

1 I ]
24047983 17208348  1054.8715
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Fig. 8. FTIR spectra of chitosan treated with NaOH at different temperatures

;

Transmission %

0 T

Alkali ratio

—20 %
4%
— 60%

1 1 ] 1 1 )
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Fig. 9. FTIR spectra of chitosan treated with different ratio of NaOH
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in the carboxymethyl modification of chitosan at
1713 ecm™.? The major carboxymethyl peaks are
aligned with the N-H bending and COO- stretching
in carboxymethyl chitosan at 1634 cm™ and the
C-O stretching close to 1224 cm™. O-H, N-H,
C=0, and COO lengths are among its primary
functional groups (Fig.9). Peaks showing C-H
stretching at 2916 cm™!, C=O0 stretching at 1719
cm!, asymmetric COO-stretching at 1592 cm,

Transmission %

o
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symmetric COO stretching at 1403 cm™, and
N-H bending at 1622 cm were seen during the
alkalization stage (Fig.10). The infrared spectrum
shows carboxymethyl chitosan from these peaks.
The ideal period was found to be two hours, during
which the carboxymethyl chitosan functional peaks
were visible. The 40% concentration showed the
carboxyl group at 1724 cm™ and symmetric and
asymmetric COO- stretching at 1557 cm™ and 1421

Alkalization time

(1578 4502, 75.2805)

(1652.6962, 72.1497)

T T T T T T L]
4236.84183754.725B272.60842790.49172308.3751826.25821344.1415862.0247
Wavelength cm-1

Fig. 10. FTIR spectra of chitosan treated at different time intervals
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Fig. 11. FTIR spectra of chitosan treated with NaOH at different acid ratios
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cm’!, respectively, in relation to the chloroacetic
acid ratio (Fig.11).
Antibacterial activity

At a dosage of 25 mg, the antibacterial
activity of CS was evaluated against S. aureus
and P. aeruginosa. The findings demonstrated
that compared to the gram-negative organism,
the gram-positive organism had a wider zone of
inhibition (Fig.11). Both species demonstrated
resistance to the samples when CS and CMCS
concentrations increased. There is great potential
for the use of carboxymethyl chitosan in medicine

Fig. 12. Antibacterial activity of CS against S. aureus

Table 1. Antimicrobial activity of CMCS against S.aureus and P.aeruginosa

Sampl 100 50 25 125 625 100 50 25 125 625
mg Mg mg Mg mg mg mg mg mg mg

Factor Level

P. geruginosa S. aureus
Alkalizati
onTime 1hr (5 - - - - |- - — - - -
(hrs)
2hr CMCS — - |- - - + + + + +
3hr CMCS — - - - |- - - - - -
4dhr CMCS - - - - |- — - - - _
6hr CMCS — - - - |- - - - - -
M - — - - |- - - - - -
Alkali
Concentr 20% OMCS — — - - |- — — — — _
ation (%)
40% CMCS - — - - |- - - - - -
e0% CMCS - - - - - + + o+ + +
Reaction
Tempera 30°C COMCS - — - - = — — — - _
ture (°C)
40°C CMCS  — - - - |- - - - - -
e0°C (MCS — - - - |- + + + - -
70°C CMCS — — - - |- — - - — _
80°C MCS — — - - |- — - - — _
Acid
concentr 20% CMCS - - - - |- - - - - -
ation
40% OMCS — — + - = + + + - -
Control  Streptomydn + + + + 0+ + + + + +

“+” indicates inhibition zone present; “~" indicates no inhibition.
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because it is an amphoteric, water-soluble chitosan
derivative that is nontoxic, biocompatible,
and biodegradable. These features result from
the increased surface positive charge.*® Gram-
positive bacteria responded better to CS than
CMCS, while gram-negative bacteria displayed
less bactericidal effect from CMCS (Table:1).
The greatest inhibition for CMCS was found at
a sample concentration of 25 mg, specifically at
a reaction temperature of 60°C, an alkalization
period of two hours, and an alkali concentration of
40-60%. Reduced or no antibacterial activity was
seen at lower concentrations and at less-than-ideal
processing conditions.

DISCUSSION

Chitosan’s (CS) molecular weight and
suitability for biological systems are related to
how much of it has been deacetylated. Chitosan’s
solubility, biological activity, and interactions with
biological membranes are all enhanced when its DD
is greater than 75%. Increased DD levels increase
the concentration of amino groups, improving their
antibacterial and water-soluble qualities as well
as their effectiveness in drug delivery systems. 31
Additionally, the molecular weight is important.
Low molecular weight chitosan is suitable for
biomedical applications since it is simpler to handle
and dissolve. Greater viscosity is a benefit of using
high molecular weight chitosan for making films
and hydrogels. *? Depending on the parent material,
extraction technique, and degree of purity, chitosan
can have an off-white to light brown color. Even
after processing, the light brown color of chitosan
made from crab shells is influenced by leftover
minerals, proteins, and pigments. Its appearance
is also influenced by the molecular weight
and degree of deacetylation. More purification
produces lighter-colored chitosan, which is
chitosan with a higher DD. * In certain samples,
the degree of substitution was found to be higher
than 50%, while in others, it was lower. The goal
of carboxymethyl chitosan’s (CMCS) degree of
substitution has been to enhance its antibacterial,
antioxidant, and biological properties. The
average number of substituted hydroxyl (-OH)
or amino (-NH, ) groups for each glucosamine
unit in the chitosan structure is known as the
degree of substitution (DS). This measurement
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is crucial since it affects CMCS’s solubility,
viscosity, and biological activity. On average,
50% of the chitosan molecule’s reactive sites
(hydroxyl and amino groups) have been substituted
out for carboxymethyl groups, according to a
50% substitution prediction. The length of the
reaction, temperature, pH, and concentrations
of the reagents (NaOH and TCA) all affect this
partial substitution of carboxymethyl chitosan.
The degree of substitution and the manufacturing
method affected how carboxymethyl chitosan
looked. ** Depending on how it is processed and
dried, carboxymethyl chitosan can have a granular
or fibrous texture.* The degree of substitution was
correlated with the samples’ solubility; the more
substitution levels, the more soluble the samples
were in water. The chitosan molecule’s water
solubility is influenced by the extent to which its
carboxymethyl groups have been substituted.

The FTIR spectrum of carboxymethyl
chitosan revealed various functional groups;
significant peaks include the OH stretching at 3400
cm-1 and the N-H stretching (amine) at 1590-
1650 cm-1, indicating residual amine groups. The
C=0 and COO- stretching observed at
1400-1560 cm-1 is associated with carboxyl
groups resulting from carboxymethylation
the C-O-C ether bonds at 1050-1150
cm-1 indicate ether linkages arising from
modification.?® The antibacterial effects of
chitosan and its derivatives are influenced by their
physicochemical characteristics, which include
molecular weight, hydrophilicity, hydrophobicity,
water solubility, positive charge density, degree of
deacetylation, concentration, chelating capacity,
and pH.

The degree of deacetylation; greater
deacetylation results correlate with CS antimicrobial
activity, and the higher the level of deacetylation,
the stronger the antibacterial activity.’ Xiao et
al., investigated the antimicrobial properties of
O-carboxy methyl derivatives of chitosan against
Bacillus, E. coli, and S. aureus. Gram-positive
bacteria were more susceptible to O-CMCS’s
bactericidal effects than gram-negative ones. This
shows how chitosan affects S. aureus. Because
of differences in cell wall construction, the
antibacterial impact in this study was different
from that seen with gram-negative bacteria. The
thick, dense cell wall of gram-positive bacteria
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is made up of 1540 interwoven peptidoglycan
layers. Free NHf groups that are positively charged
adhere to the cell wall’s constituent parts, creating
holes in the wall that allow a substantial leakage of
cell components and ultimately induce cell death.
Chitosan has antibacterial properties because
it can damage the membranes of bacteria and
fungi, among other microbes. Chitosan is efficient
against a variety of pathogens, such as bacteria,
yeasts, molds, and viruses, according to studies
on its antimicrobial properties.*® E. coli, S. aureus,
Salmonella, C. albicans, and A. niger are some of
the pathogenic microorganisms that chitosan has
been demonstrated to be effective against. Higher
positive charge chitosan compounds have less
antibacterial action. Chitosan derivatives with
higher positive charges show reduced antibacterial
activity. This may imply that elevated cationic
charge alone does not assure superior antibacterial
activity when compared to that of modified
versions. Chitosan was observed to be equally
active against S. aureus at pH 5.5 and 7.2 (MIC =
256 ig/mL). Chitosan is only active in the acidic
medium; however, it was reported that the limited
activity above pH 6 may originate from the poor
solubility above pH 6.>” Whereas Carboxymethyl
chitosan is an amphoteric polymer, meaning it
can carry both positive and negative charges
depending on the pH of the environment. Farag e?
al.’s* study revealed that the nanogel blended with
carboxymethyl chitosan and polyvinyl alcohol has
greater activity in a gram-negative organism than
a gram-positive organism. In general, E. coli was
more susceptible to the antibacterial properties of
the studied nanogels than S. aureus. Gram-negative
bacteria are surrounded by a thin peptidoglycan
cell wall, which itself is surrounded by an outer
membrane containing lipopolysaccharide. Gram-
positive bacteria lack an outer membrane but are
surrounded by layers of peptidoglycan many times
thicker than is found in the Gram-negatives®.
E. coli and P. aeruginosa, both Gram-negative
bacteria, have cell walls with a similar overall
structure but differ in some key components
and their roles in antibiotic resistance. Both
possess a thin peptidoglycan layer and an outer
membrane. However, the extent of lipoprotein
presence and the specific enzymes involved in cell
wall synthesis and recycling can differ, impacting
their susceptibility to certain antibiotics*

SELVARAI et al., Biosci., Biotech. Res. Asia, Vol. 22(3), 1189-1203 (2025)

Because the amino groups in chitosan
are protonated at low pH (acidic conditions), the
dominant charge will be positive; the carboxyl
groups introduced by the carboxymethylation
process will be deprotonated at high pH (alkaline
conditions). Because of this pH-dependent charge
behavior, CMC is a useful material for a variety
of applications, such as drug delivery, tissue
engineering, and environmental remediation.*!

CONCLUSION

This study concentrated on converting
chitin found in shrimp waste from the exoskeletons
of marine crustaceans into chitosan and
subsequently transforming it into its derivative,
CMCS, by utilizing different concentrations of
alkali and specific temperatures for alkalisation,
along with alkalisation duration and acid ratio. The
ideal concentration of the alkali was determined
to be 60% at a 60°C temperature for 2hrs,
with 40 % acid also being identified as the
optimal concentration, temperature, and duration.
These samples exhibit good solubility, which
is fundamental in pharmaceutical applications.
Regarding antibacterial activity, when compared
to the CS sample, CMCS is less effective towards
both gram-positive and gram-negative bacteria. and
to enhance the efficacy of CMCS against bacteria,
additional compounds can be added.
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