
A J CSIAN OURNAL OF HEMISTRYA J CSIAN OURNAL OF HEMISTRY
https://doi.org/10.14233/ajchem.2021.22980

INTRODUCTION

Chitin is the second most abundant material in nature after
cellulose [1]. It is extracted from the exoskeletons and the
internal structure of invertebrates such as crustaceans, insects,
mollusks, honeybees, silkworms, etc. and it also constitutes
in the structure of many fungi and yeast [1-3]. Unlike most
other polysaccharides, chitin contains 5-8% nitrogen which
makes it useful as a chelating agent [1]. Due to biocompati-
bility, biodegradability and non-toxicity, chitin is more useful
in medicine, agriculture, cosmetic, food and wastewater treat-
ment [4,5]. In native state, natural chitin exists in three forms
i.e. α-, β- and γ-forms depending on the source [6]. Studies
on chitin and chitosan have been increased since 1990 because
of their excellent biological properties such as biodegradation
in the human body, immunological [7], antibacterial [3,8] and
wound-healing activity [2,9]. Chitin is chemically (1,4)-2-
amino-2-deoxy-β-D-glucan, a unique polysaccharide [10] and
chitosan is a value-added biomaterial obtained by deacetylation
of chitin [11]. Besides the traditional commercial fruits, the
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wild fruits are also gaining increased attention as potential
food supplement or cheaper alternative of commercial fruits
all over the world [12].

Myrica esculenta (family Myricaceae), commonly known
as Kaphal, an edible fruit used for other by-products as well,
is highly valuable wild fruit with potential income-generating
species in the sub-Himalayan region [13]. The fruits are succu-
lent drupe with small ellipsoidal or ovoid to globose in shape,
initially green and become reddish during ripening [14]. These
fruits are highly perishable in nature and their shelf life does
not exceed 2-3 days [15]. Chitin and chitosan are non-toxic
biomaterials, so they are useful in food industry as flavouring
and colouring agents and as dietary fibers in baked food [2,14].
Chitosan prolongs storage life and controls decay of fruits by
reducing the growth of many phytopathogenic bacteria and
fungi because of its semipermeable film forming ability and
biochemical properties [16]. Therefore, the aim of present work
was to study the effect of chitosan coating on weight loss of
kaphal fruits (Myrica esculenta).
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EXPERIMENTAL

Prawn shells were collected from the local market of
Kathmandu, Nepal. They were washed with water to remove
the loose tissue and properly dried in sun. Potassium hydroxide
(≥ 84% Merck), sodium hydroxide (97% Merck), hydrochloric
acid (95% Fisher Scientific), ammonium acetate (98.5% Fisher
Scientific) and acetic acid (99.5% Fisher Scientific) were of
analytical grade and used without further purification.

Preparation of chitin and chitosan from prawn shells:
The prawn shells were washed, dried and powdered with the
help of grinder. The powder was filtered through 600 µm mesh
sieves and subjected for demineralization and deproteinization
to obtain chitin by following the established protocol [17] with
some modifications. The effect of time variation and KOH
concentration on the deacetylation process of chitin was
studied. Such obtained chitin was deacetylated with KOH
solution in a 1:10 (w/v) ratio [3] at 100 ºC for different intervals
of time (0.5, 1.0, 2.0, 3.0 and 4.0 h) and different concentrations
of KOH (45, 55, 65 and 75%). The products obtained were
washed until neutrality reached and the resultant chitosan was
sun-dried for 7 days. The physico-chemical properties of the
prepared samples are presented in Table-1.

Determination of moisture content: The moisture content
in prepared chitosan was determined by the gravimetric method.
In this process, the crucible was heated at 100 ºC for 15 min,
cooled in a desiccator and weighed. A chitosan sample (0.5 g)
was taken in a weighed crucible, dried into oven at 100 ºC for
3 h and the process was repeated till the constant weight was
obtained [18]. The moisture content was determined using eqn. 1:

Wet weight (g) Dry weight (g)
Moisture content (%) 100

Wet weight (g)

−= × (1)

Determination of ash content: Ash content of chitosan
was determined by combustion using a constant weight
crucible. Chitosan (2 g) was combusted in the constant weight
crucible in an oven at 550 ± 20 ºC for 3 h. The crucible was
removed, cooled in a desiccator for 30 min and reweighed
(W1). This method of heating and cooling was repeated in every
1.5 h until a constant weight (W2) was established [19]. The
ash percentage was calculated by eqn. 2:

2 0

1 0

W W
Ash (%) 100

W W

−= ×
− (2)

where W0 is the constant weight of crucible, W1 is the weight
of sample and crucible, W2 is the weight of ash and crucible.

Determination of molecular weight: The molecular
weight of chitosan was determined by viscosity-average mole-
cular weight (Dalton) method. Chitosan was dissolved in a

mixture of 0.15 M ammonium acetate and 0.2 M acetic acid
solution at 30 ºC. The intrinsic viscosity (η) was determined
with the help of Ostwald’s viscometer [3] using Mark-Houwink
equation (eqn. 3):

[η] = KMa (3)

Molecular weight (M) of chitosan was determined by rela-
ting intrinsic viscosity with empirical viscometric constants
K = 9.66 × 10-5 dm3/g and a = 0.742 for chitosan.

Determination of degree of deacetylation

Acid base titration: The degree of deacetylation showed
the percentage of N-acetyl groups replaced by amino groups
(NH2) from the chitin to produce chitosan. Degree of deace-
tylation was measured by the following protocol [3] with some
modifications. Chitosan (0.3 g) was dissolved in 0.1 M HCl
(30 mL) at room temperature with constant stirring and two
drops of methyl orange indicator were added followed by titra-
tion with 0.1 M NaOH solution. The end point was indicated
by the change in colour from pink to orange yellow. Three
parallel samples were used. The percentage of free NH2 groups
in chitosan was calculated [3,20] as follows:

1 1 2 2
2

[(C V C V ) 0.016]
NH  (%) 100

[G(100 W)]

− ×= ×
− (4)

2
2

NH %
Free NH  (%) 100

9.94%
= × (5)

2

16
Theoretical NH  content (%) 100

161
 = × 
 

= 9.94% [20]

where C1 = concentration of HCl (M); V1 = volume of HCl
added (mL); C2 = concentration of NaOH (M); V2 = volume
of NaOH added by titration (mL); G = sample weight (g); W
= moisture content (%); 0.016 = NH2 content (g) in 1 mL of 1 M
HCl [20].

FTIR method: The degree of deacetylation of prepared
chitosan samples was determined by FT-IR spectroscopic
method [21,22] using the eqn. 6:

1320

1420

A1
DD (%) 100 0.3822

0.03133 A

 
= − − 

 
(6)

where, A is absorbance, DD is the degree of deacetylation.
A1320 represents absorption height of a characteristic band for
–NHCO group and A1420 stands for the absorption height of a
reference band at 1420 cm-1.

Characterization: Fourier Transform Infrared (FTIR)
spectroscopy (BRUKER 10033610) with attenuated total reflec-
tance (ATR) mode was used to study the effect of different

TABLE-1 
VARIATION OF DEGREE OF DEACETYLATION OF CHITOSAN WITH ALKALI CONCENTRATION 

Sample code Sample description Acid-base  
titration (%) (DD) 

FT-IR spectroscopic 
method (%) (DD) 

DD (%) in  
average 

CS-45% Prepared by treating chitin with 45% KOH 40.2 37.1 38.6 
CS-55% Prepared by treating chitin with 55% KOH 48.0 44.4 46.2 
CS-65% Prepared by treating chitin with 65% KOH 48.7 46.5 47.6 
CS-75% Prepared by treating chitin with 75% KOH 54.0 59.9 56.9 
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treatments on the structure of the samples. The spectra were
recorded in the wave number range of 4000-500 cm-1 with the
resolution of 10 cm-1. X-Ray diffraction (XRD) measure-ments
were taken from 0 to 60º with an exposure time of 400 s using
a D8 advance BRUKER diffractometer with Cu target (λ =
0.1541 nm). Solid state 13C CP/MAS NMR spectra were measured
using BRUKER spectrometer with scans 276. The XPS patterns
were obtained from CSIR-NEIST, Jorhat, India using XPS XSAM-
HS with a focused monochromatic MgKα X-ray source, with
voltage of 12 kV, current 10 mA and 5 × 10-8 torr pressure inside
the vacuum chamber. The experiment was performed to relate
the effect of chitosan coating on weight loss and physical appear-
ance of Myrica esculenta (kaphal) fruits.

Weight loss determination: Kaphal (Myrica esculenta)
grown at the local farms, Tokha, Kathmandu, Nepal of uniform
size with 60% or more red colour, free of physical damage
and fungal infection were collected. Fruits were coated via dip
coating; for it 100 g weight of the fruit was immersed in water
and different concentration of chitosan solution (0, 0.5, 1.0,
1.5 and 2.0%) in 1% acetic acid solution at room temperature.
The weight of samples was noted at the interval of 2/2 days
for 12 days [16]. The weight loss percentage was calculated
by using eqn. 7:

( ) 0 1

0

Weight loss %
w w

100
w

−= × (7)

where w0 = initial weight and w1 = final weight.

RESULTS AND DISCUSSION

Moisture and ash content of chitosan: Moisture and ash
contents of prepared chitosan as function of concentration and
time varied from 6.2-8.4% and 6.2-8.6%, respectively (Fig.
1). Moisture content was found to be increased with the incre-
ase in the concentration of alkali used during deacetylation
and the time of reaction. The CS-45% showed least (6.2%)
percentage whereas CS-75% showed greatest (8.4%) percen-

tage of moisture content. Similarly, CS-0.5 showed the least
(6.2%) percentage whereas CS-4.0 showed the greatest (8.6%)
percentage of moisture content.

The prepared chitosan showed decreasing value of ash
content from CS-45% (1.9%) to CS-75% (0.9%) and CS-0.5 h
(2.5%) to CS-4.0 h (1.0%) with respect of concentration and
reaction period of deacetylation process. The CS-75% (0.9%)
and CS-4.0 h (1.0%) indicated higher purity of chitosan. Like
other natural polymers, chitosan is also hygroscopic in nature
due to which it showed significant moisture content [23]. It is
reported that moisture content of commercial chitosan should
be less than 10%. The variation in moisture content was due
to difference in the intensity of sunlight, climate and relative
humidity [24-26].

Ash content measurement is an indicator of the effective-
ness of the demineralization step for the removal of calcium
carbonate [27]. Ash content affects its solubility, average mole-
cular weight, viscosity and other important characteristics [27].
According to No & Lee [17], the best quality of chitosan should
have > 1% ash content and material as well as composition
affects the ash content of chitosan [28,29]. The reported ash
content of commercial chitosan and shrimp chitosan was 2.28%,
moreover, purity of chitosan increases with the decrease of ash
content [30]. Thus, in this work, the purity of CS-75% is highest,
therefore this sample was selected for further studies.

Molecular weight of chitosan: Fig. 2 represents an average
molecular weight of prepared chitosan as a function of concen-
tration and time. It was observed that the average molecular
weight of chitosan decreased with increase in concentration
and deacetylation time. The CS-45% and CS-75% samples
showed the highest (23000 Da) and the lowest (12000 Da) value,
respectively, whereas CS-0.5 h and CS-4.0 h samples showed
the highest 21000 Da and the lowest 10000 Da value, respec-
tively. Prepared prawn shells chitosan was more depolymerized
with lower molecular weight as compared to the reported
values (350000 Da) and (159653 Da) [3,31]. Average molecular
weight of chitosan depends on several factors such as chitin
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Fig. 1. Moisture and ash content of chitosan as a function of (A) KOH concentration and (B) time of deacetylation process
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sources, conditions for deacetylation process, temperature,
concentration of alkali, demineralization methods, particles
size, reaction time, dissolved oxygen concentration etc. [32].

Determination of degree of deacetylation: Degree of
deacetylation of chitosan was determined via acid base titration
[3,20] and FTIR method [21,22]. The CS-75 % and CS-4.0 h
samples showed the highest degree of deacetylation as they
exhibited the lowest molecular weight (Table-1). There is signi-
ficant increase in degree of deacetylation with reaction time
[3] and concentration in consistent with the reported value. The
degree of deacetylation values are dependent on the source,
purification method and the type of analytical method empl-
oyed. The other factors like sample preparation, instrumental
and other conditions may also influence the analysis of degree
of deacetylation [20].

FTIR analysis: Each band in spectra of extracted prawn
shell chitin and chitosan has been interpreted by comparing

frequencies of different vibration modes. FT-IR spectra of
chitin and chitosan samples are shown in Fig. 3. A broad band
ranged from 3400 to 3200 cm-1 was due to OH and NH stret-
ching vibration. The peaks at 1622 cm-1 is due to the stretching
vibration of carbonyl group. The peak at 1553 cm-1 indicates
NH2 bending vibration, showing the formation of chitosan by
partial deacetylation of chitin [3].

Some peaks in the range 1650-1300 cm-1 indicate the vibra-
tions of bridged C-O-C asymmetric stretching, C-O-H stretching
and other ring stretching modes in both chitin and chitosan.
Different bands in FT-IR spectrum of chitin (Fig. 3a) arise
due to N-H, C=O, CH3 and other complex vibrations of NHCO
group. Moreover, multi bands were also observed in the range
of 3400-3000 cm-1 due to the NH stretching vibrations [33].
Appearance of multiple bands is due to the formation of either
dimers with cis- or polymers with trans-conformation of secon-
dary amides [20].
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On the other hand, N-H bending vibration (amide-II) is
assigned to a single strong peak which appeared at 1553 cm-1.
Similarly, I band, which is due to the CO stretching vibration
is allotted to 1622 cm-1, however, the peak is reported at 1630
cm-1  [33]. It has been reported that two types of hydrogen
bonds formed by amide groups in the antiparallel alignments
present in a chitin crystalline region give rise to doublet in
amide I band. On a contrary, chitin shows a single amide-I peak
because of the parallel chain alignment present in the crystal-
line region [34]. In this study, amide-I band was accompanied
by another peak at 1622 cm-1. Further a strong, sharp band at
1376 cm-1 is assigned to a complex vibration due to NHCO
group, which is often known as amide-III band and the peak
at frequency 1062 cm-1 is interpreted as CO stretching [33,35].

Chitosan is a deacetylated derivative of chitin and therefore
the major differences in FT-IR spectra lie in N-H and C=O
vibrations (Fig. 3b). The position of various bands in FT-IR
spectra of chitosan did not show significant shift from those
of chitin. However, the band intensities showed some decrease
as a decrease in vibration intensities of covalent bond due to
alkali leaching [36]. Further, the analysis of spectral regions
3500-3000 and 1800-1600 cm-1 is also done to evaluate any
chemical change that might have occurred when chitin is
deacetylated to chitosan. In chitosan, an amide group of chitin
is replaced by (NH2) group; and therefore a great interaction
between O-H and NH2 stretching vibration frequencies, comp-
ared to chitin, may result due to increased hydrogen bonding.

A broad band in the frequency range of 3500-3000 cm-1

with no distinct peaks for O-H and N-H stretching was observed
in the FT-IR spectra of chitosan due to increased interaction.
The protonated amines in chitosan may also have caused this
significant band broadening [20,35]. Moreover, compared to
chitin a considerable decrease in the intensity with broadening
of amide-I was observed in the frequency range 1660-1300
cm-1. This could be interpreted as a decrease in the number of
characteristic vibrations due to the lowering of amide-I band
of chitosan. Further, coupling of NH bending vibrations of
NH2 group in chitosan with amide-II band may account for
the broad and weak band in the frequency range 1649-1377
cm-1 [33,35]. However, characteristic amide peaks are not com-

pletely lost that means the chitin is only partially deacety-
lated.

XRD analysis: The XRD patterns of the extracted chitin
and its derivative chitosan (CS-75%) are shown in Fig. 4. The
broad diffraction peaks at 2θ = 10º and 20º as typical finger
prints of semi-crystalline chitosan have been reported [37].
Prepared chitosan (CS-75%) contains major peaks at 9.5º and
19.6º. According to Feng et al. [38] WAXD patterns of shrimp
chitosan showed two major characteristic peaks at 2θ are 10.6º
and 20.4º, which are assigned as the fingerprints of semi-
crystalline nature of chitosan. Chitin also shows the measurable
peaks at the region of 19-21º, which indicates that chitin is more
crystalline than chitosan. The crystalline size of chitin and
chitosan (CS-75%) were found as 3.8 and 2.8 nm respectively,
calculated by using Debye Scherrer′s formula i.e. D = nλ/βcos
θ; where, D is crystalline size, n = 0.9 (constant), λ = 0.154
nm for copper target, β = full width at half maxima (FWHM)
and β = Bragg′s angle.

13C NMR analysis: Fig. 5 presents the 13C NMR spectra
of selected chitosan sample (CS-75%) and the chemical shifts
are also assigned. Chitosan shows the major peaks similar to
those reported in literature [38,39]. Signal at 24 ppm corres-
ponds to methyl group (-CH3) and signals at 57 ppm (C2), 61
ppm (C6), 76 ppm (C3 and C5), 83 ppm (C4), 103 ppm (C1),
174 ppm (C=O) represent carbon of chitosan.

Feng et al. [38] found that the solid state 13C CP-MAS
NMR spectra of shrimp chitosan and crab chitosan showed
the major characteristic peaks (Table-2). After analysis of 13C
NMR spectra of chitosan from various sources including the
crab shell chitosan, shrimp shell chitosan and chitin, the chemical
shifts of C-1 and C-4 carbon in 1,4-linked carbohydrates are
supposed to be highly sensitive towards the conformational
change at the glycosidic linkage [39]. The appearance of signals
for -CH3 (24 ppm) and C=O (174 ppm) attributed to carbon
from acetamido moiety of chitin in the chitosan [40] shows
that the chitosan derived from chitin is partially deacetylated.

X-ray photoelectron analysis: Extracted chitin charac-
terized by using XPS spectrometer contains three major peaks
(Fig. 6). The XPS result of chitin observed C 1s peak at 286 eV
represent the C-C binding energy. The N 1s peak at 400 eV
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assigned to binding energy in amino group. The O 1s peak at
532 eV describes to C-O or O-H binding energy. Yap et al. [41]
confirmed the presence of carbon, nitrogen and oxygen in cross-
linked chitosan thin film by using XPS. The peaks observed
were: C 1s peak at 285.0 eV for C-C chemical binding, 286.6
eV for C-O, C-N or C-O-C and 288.2 eV for C=O or O-C-O
chemical bindings.

Effects of chitosan coating on weight loss of Myrica
esculenta during storage: Shelf life of Myrica esculenta fruit
was analyzed via chitosan coating on fruits and the shelf life
was inspected by the change in their physical appearance and
weight loss method. All samples demonstrated a gradual loss
of weight during storage (Fig. 7). Throughout storage, the loss of
weight of uncoated fruit was significantly greater than that of
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coated fruit. Effect of chitosan coating in weight loss of fruit
indicated that there was gradual increase in weight loss in pure
water, whereas there was significant decrease in weight loss
in 1% acetic acid solution. Similarly, there was only a marginal
difference in weight loss of fruit matter was observed in 0.5%,
1% chitosan solution and in acetic acid solution. However, in
1.5% and 2.0% chitosan solution there was slightly slower
rate of weight loss than the others. About 2.0% chitosan coating
showed the highest beneficial effect on weight loss of the fruit
than the fruit in other solutions. The greater viscosity of the
2.0% chitosan solution has been shown to result in a coating
of greater thickness, further reducing weight loss. The concen-
tration of chitosan in the coating solution affects the fungal
decay of the fruit. A concentration of chitosan inhibits fungal
growth during the storage period of strawberry [42]. This effect
has been reported for numerous horticultural commodities such
as tomatoes, strawberries, longan, apples, mangoes, bananas,
bell peppers, etc. [16,43,44]. Shelf life extension of litchi fruits
by chitosan coating combined with ascorbic acid can be used
for litchi fruits storage in commercial scale [45].

Chitosan has been reported to be more effective at delaying
weight loss in banana and mango and strawberries than starch
and cellulose derivatives. Chitosan has the capacity to inhibit
growth of several fungi, to induce chitinase and to elicit phyto-
alexins in the host tissues. Thus, the control of decay in straw-
berries could be attributed to either the fungistatic property of
chitosan or to its ability to induce defense enzymes and phyto-
alexins in plants or a combination [43]. Weight loss of fruit is
mostly related with respiration and moisture evaporation through

TABLE-2 
CHEMICAL SHIFTS OF CHITIN AND CHITOSAN OBTAINED FROM 13C NMR (ppm FROM TMS) 

Source C=O C-1 C-4 C-5, C-3 C-6 C-2 CH3 Ref. 
Chitin 173.8 104.1 83.0 75.7, 73.3 60.8 55.2 22.8 [39] 
Commercial chitosan – 104.7 85.7, 81.0 74.1 60.7, 59.6 56.8 – [39] 
Crab shell – 105.0 85.6, 81.2 75.5 60.3 56.4 – [38] 
Prawn shell synthesized sample (CS-75%) 174 103 83 76 61 57 24  

 

[39]
[39]
[38]
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the skin. The thin skin of Kaphal fruits makes them susceptible
to rapid water loss, resulting in shriveling and deterioration.
The rate at which water is lost depends on water pressure gradient
between the fruit tissue and the surrounding atmosphere and
the storage temperature [42]. Edible coatings of chitosan act
as barriers and hence decrease dehydration. This study showed
that the beneficial effect of chitosan can be increased when
the polymer was applied at a greater concentration.

Effect of chitosan coating on colour of Myrica esculenta
(Kaphal) fruit: As shown in Fig. 8, colour quality of Kaphal
fruit decreased as the period of storage increased. After 8 days
of storage, the initial bright colour of the fruit had largely
disappeared and rotten. Compared with water, 0.5% chitosan,
1.0% chitosan and 1.5% chitosan, 2.0% chitosan remained
almost unaffected with bright colour and about 80% of it did
not rot until 12 days after storage. In this study, increasing
concentrations of chitosan were generally more effective for
longer storage.

Pure water

Day = 6

Acetic acid

Day = 6

Chitosan coating

Day = 6

Day = 8 Day = 8 Day = 8

Day = 12 Day = 12 Day = 12

Fig. 8. Effects of chitosan coating on colour change of Myrica esculenta
fruits

Conclusion

Chitin was successfully isolated from the prawn shells
and also deacetylated into chitosan. The effect of concentration
of alkali (KOH) and the time of reaction on to the process of
deacetylation was studied. The rate of chitosan formation was
found to increase with increase in reaction time and KOH con-
centration. The FT-IR spectra provided the insights into the
structural features of chitin and chitosan. Both chitin and chitosan
essentially containing the hydrogen bond could be distinguis-
hed though the nature of absorption bands in the frequency
region of O-H and N-H stretching and amide group vibrations.
The X-ray diffraction study showed the semi-crystalline nature
of chitosan and more crystallinity of chitin than chitosan. The
XPS spectra confirmed the presence of the reported amount
of carbon, nitrogen and oxygen in chitin. The 13C NMR spectra

showed partial deacetylation of chitin into chitosan with the
carbon atoms of essential functionalities in polymer chain.
Chitosan treatment was found beneficial to reduce the adverse
effects of chemical residues on Kaphal fruit. The preservative
coatings of chitosan on the fruit matter showed a remarkable
potential to prolong the storage or shelf life, control the decay
and reduce the weight loss of Myrica esculenta fruits. This
study can be extended by checking the quality of fruits after
chitosan coatings.
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