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Chitosan is a polycationic polymer and the N-deacetylated derivative of the natural polymer chitin,
the second most abundant polysaccharide found on earth next to cellulose. Effluent produced from
the textile industry is considered threatful that can ultimately affects the ecosystem and therefore
treatment is necessary. Hence, in this research, we aimed to extract chitosan from the biowaste
using mild chemical extraction processes to applying it for the effluent treatment. Methods A, B, C,
D, and E were carried out among which first three methods start with demineralization followed by
deproteinization and the remaining two methods start with deproteinization followed by
demineralization. The obtained yield in this process is called chitin which was further deacetylated
to get chitosan. Thus formed chitosan samples are analyzed for color, yield percentage, and degree
of deacetylation (DD); further thermogravimetric analysis, water and fat binding capacity,
molecular weight and viscosity were determined. Among the five samples, chitosan obtained
through Method C has the molecular weight of 365000, solubility of 87%, DD of 87% and viscosity
of 714 cP, which is found to be approximately similar to commercially available chitosan that are
used for effluent treatment.

Copyright © Vanitha Priya D et al, 2018, this is an open-access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original work is

properly cited.

INTRODUCTION

Chitin is a bio-polymer extracted from the crustacean shells
that has versatile industrial applications (Muzzarelli, 1977;
Poulicek and Jeunjaux 1991; Kramer et al., 1995). The shells
of crab have low economic value and are treated as biowaste or
sold to animal feed manufacturers (Suchiva et al., 2002).
Therefore, this bio-waste can be used to produce value-added
products such as chitosan. Chitosan is a polycationic polymer
and the N-deacetylated derivative of the natural polymer chitin,
the second most abundant polysaccharide found on earth next
to cellulose (Alipour et al. 2009; Ignatova et al. 2007).
Chitosan is insoluble in water and common organic solvents
because of its rigid crystalline structure. It is soluble in acidic
aqueous solution if the pH value is less than 6.5 (No et al.
2007). At a higher pH value, the molecule of chitosan may
precipitate out of the solution and lose its charges because of
deprotonation of the amine groups (No ef al. 2007). Chitosan is

*Corresponding author: Anuradha V

well known to be non-toxic, biocompatible, biodegradable,
biofunctional and hydrophilic. (Deng et al. 2012; Huang et al.
2007; Ignatova et al. 2006; Li et al. 2008). Chitosan could be
used as an antimicrobial and antiviral material in the field of
biotechnology, = pharmaceutics, = wastewater  treatment,
cosmetics, agriculture, food science, and textiles because of its
advantageous biological properties (Li et al. 2008; Lim and
Hudson 2004; Lu et al. 2012).

MATERIALS AND METHODS
Collection of Samples

Crab shells were collected from the local market in and around
Chennai and were placed in a Ziploc bags to avoid further
contaminations and are cleaned several times with pure water
to separate from the flesh. Collected shells were sundried in a
clean environment for a week and completely dried. Thus-
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obtained samples are blended and made in to fine powder and
preserved in a ziploc cover for further use.

In this research five different chemical methods are used for
chitosan extraction

Metho d Step 1 Step 11
Demineralization Deproteinization
0,
A 10% HCl (r‘g‘}’lm temp) for 504 NAOH (60 ¢) for Sh
Demineralization Deproteinization
B o 1% NAOH (room temp)
5% HCI (50 c) for 3h for 24h
C Demineralization Deproteinization
10% HCI (60 c) for 10h 10% NAOH (90 C) for 6h
D Deproteinization Demineralization
7% NaOH (40 C) for 21h 4% HCIL (70C) for 6 h
E Deproteinization Demineralization
10% NAOH (70C) for 4h 10% HC1 (40C) for 2 h

Deacetylation of Chitin

Thus-obtained chitin is deacetylated using 60% NaOH for 72
hours (Muzzarelli and Rochetti, 1985).

Purification of Chitosan

Each chitosan sample is mixed with 1% v/v acetic acid in the
ratio of Img/ml, respectively, and stirred continuously until
homogenous solution is obtained. Finally, the insoluble
residues are filtered. The homogenous solution is precipitated
by titrating with IN NaOH until the pH value of 8.5. The
precipitated chitosan is washed several times and centrifuged at
8000rpm

Characterization of Chitosan Samples

Different techniques such as Yield Percentage, Solubility,
TGA, Determination of degree of deacetylation, Degree of
Crystallinity, Water Binding Capacity (WBC) and Fat Binding
Capacity (FBC), Determination of Molecular Weight and
Viscosity were carried out for the synthesized chitosan samples

RESULTS AND DISCUSSION

Colour measurement

Chitosan extracted using five different methods have different
color. Chitosan from methods A and B are slightly pinkish in
color due to incomplete extraction of chitin. Chitosan extracted
though methods C, D, and E are creamy white to pale white in
color. When the extraction method starts with demineralization
process, the chitosan samples are in pinkish to creamy white in
color. When the extraction process starts with deproteinization,
due to protein degradation and bleaching of samples by HCI,
they are in pale white color. Similar results were also observed
by Lertsuthiwong et al, 2012. No and Meyers 1995 also
evidenced that the color of chitosan is related to the extraction
process and the color may varies from pale yellow to white.
Seo et al. (2007) also reported that the tan colour of chitosan
produced may be due to the degradation of the pigments the
chitin during deacetylation process.

Yield percentage

Yield percentages of chitosan from all the five methods were
calculated from the 20g of dry crab shell powder and the results
are shown in Tablel. From the results obtained, we can observe
that the yield percentage differs with several criteria such as
extraction methods, amount of removal of acetyl groups from

the polymer during deacetylation process (Fernandez-
Kim 2004), concentration of acid and alkali and its reaction
time with the shells. (Premasudha et al/, 2015 and Yen et al,
19). It also differs according to the species and season (Cho et
al., 1998).

We can observe that yield percentages of chitosan from
Methods A, B, and C are higher when compared with that of
Methods D and E. High yield of chitosan is observed when the
extraction starts with demineralization followed by
deproteinzation. This may be due to that fact that if the
extraction starts with demineralization, the chitin will be
protected by the adhering protein, and therefore results in less
hydrolysis of the backbone that leads to higher yield. When the
extraction starts with deproteination, the protective layer of
protein is removed and the chitin that is unprotected is exposed
to the HCIl. This leads to efficient demineralization; but
parallely due to more hydrolysis, high loss of material occurs in
the solid chitin fraction, which leads to low yield percentage.
The yield percentages through the Methods D and E were 13
and 18%, respectively, may be due to the abovementioned
reason and polymer degradation (Brzeski, 1982 cited by No
and Meyers, 1997). In this research, the yield of chitin though
through Methods A, B, and C are 38, 43, and 29, respectively.
Similar results were also observed by Cho et al., (1998) who
reported that the shell waste of crustaceae is composed
approximately of 30-40% protein, 30— 50% calcium carbonate
and 20-30% chitin. Shahidi and Synowiecki, 1991 also added
that Chinoecetesopilio crab contains about 17-32.2% chitin.
Similarly, Hong and Mun, (1995) isolated 26.6% of chitin from
the crab (Chionoecetesopilio). In Chinoecetesopilio chitin, the
yield is about 32.2% (Shahidi and Synowiecki, 1991) and in
Chionoecetesopilio it is about 26.6% (Hong and Mun, 1995).

Solubility

Chitosan has highly protonated free amino group that can
highly attracts ionic compounds and therefore they are soluble
in mild inorganic acid [Biswas and Gargi, 2013]. Hence, the
solubility of chitosan is one of the important characteristics that
determines its quality. The nature of solubility of the chitosan
can be estimated by washing, drying and dissolving it in 1%
acetic acid. Solubility of the chitosan can be affected by
deacetylation temperature and time, concentration of alkali,
particle size of chitosan and pretreatments to chitin before
isolation, etc. (Ng, et al. 2001; and Pajak, et al. 1998). Among
these characteristics, solubility is greatly determined by the
degree of deacetylation and at least 85% of deacetylation
percentage is needed for chitosan to obtain the solubility (No
and Meyers, 1996).

Solubility of chitosan synthesized from five different methods
are shown in Table 2. From the results, we can observe that, the
solubility of chitosan obtained through Methods A, B, C, D, E
are 59, 43, 91, 72, 79, respectively. Therefore, chitosan from
Method C has a maximum solubility of 87. Hossain and Igbal,
(2014) evidenced that the high solubility of chitosan in acetic
acid is due to at least 85% deacetylation degree of the chitosan
sample.

Lowest solubility is observed in chitosan extracted through
Method B with 43. The differences in solubility may be due to
the difference process conditions while extracting chitin, i.e.,
incomplete removal of protein and acetyl groups (Brine and
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Austin, 1981; Fernandez-Kim 2004). And the remaining
amount of insoluble matter is probably related to chitosan
particles with regions of insufficient deacetylation.

Degree of deacetylation (DD)

Determining the degree of deacetylation (DD) is most
important because this nature has strong impact on several
physicochemical properties such as solubility, chemical
reactivity, and biodegradability, hence determines its
appropriate applications (Rout, 2001; Lamarque et al. 2005).
During the process of deacetylation, acetyl groups from the
molecular chain of chitin is removed, and therefore a
compound with a high degree of reactive amino group (-NH2)
is formed named as chitosan (Fernandez-Kim 2004). So with
the amount of free amino groups in the polysaccharides, the
degree of deacetylation can be determined.

Table 3 shows the DD percentage of five different chitosan.
From the results, we can observe that the DD of chitosan
synthesized using five different methods are different due to
different extraction methods as evidenced by (Martino et
al. 2005; No et al. 1989; No and Meyers, 1995). Among the
five samples, Sample C has the chitosan with high degree of
deacetylation of 87%, followed by Methods E, D, A, and B
with 73, 71, 65, and 55% of DD, respectively. As already stated
by Knaul et al., (1999); Li et al., 1992; Muzzarelli & Rocchetti,
1985, chitosan with a DD of or above 70% is considered to be
chitosan; therefore, in this research, Sample C with a DD% of
87% is chosen for the further process. From the results, we can
infer that concentration of chemicals used for extraction,
temperature and time had a great role in chitosan DD%. When
the extraction starts with demineralization, more time and high
concentration of HCl is required (Puvvadaetal., 2012). Parallely
chitin, Methods D and E, that are exposed to the HCI after the
removal of protective layer of protein have high DD with a
short extraction time period.

Another factor that affects the degree of deacetylation is the
concentration of alkali and time of treatment during
deacetylation process. Robert (1992) stated that increase in the
alkaline concentration will increase the DD%; because higher
alkaline concentrations will cause more alkaline hydrolysis that
results in a higher DD (Mirzadeh et al., 2001).

Thermogravimetric Analysis

Thermogravimetric analysis (TGA) is one of the important
characterization techniques (Criado et al., 2007) carried out to
examine the thermal degradation temperature of chitosan
(Hefian et al., 2010) extracted using five methods and the
results are shown in Figure 1a, b, ¢, d, and e The TGA curves
of chitosan polymer from all the methods have two major
degradation steps. The first stage of degradation for the
chitosan extracted through Methods A, B, C, D, and E were at
the temperature range of temperature range 205°C to 330 °C
with 10, 20, 8, 10, and 12% of weight loss, respectively.
Degradation at this stage may be due to the loss of water
molecules because chitosan structures have strong affinity
towards water and that may cause dehydration. This
degradation may attribute to the loss of water molecules
because the chitin and chitosan structures have strong affinity
towards water and lead dehydration (Gonzalez et al., 2000;
Yeh et al., 2006).

The second step is the actual degradation that occurs due to
decomposition of chitosan. The second stage of degradation of
chitosan from Methods A, B, C, D, and E is around 440 °C
with 37, 39, 59, 54, and 57% of weight loss, respectively. This
lose in weight is due to the actual pyrolysis of the chitosan
samples (Mishra et al, 2009).

Results also shows that for the chitosan samples extracted
through Methods A, B, D, E, the degradation is not yet
completed even at 700°C and still some compounds may
escape from the sample as vapour if the temperature raised. But
definitely for chitosan extracted through Method C, there are
two compounds degraded within this temperature range which
can be observed by the slope of the thermogram changes but no
weight stabilization was observed in the plot between this
range. Therefore, the starting degradation temperature of the
second compound cannot be identified and similarly as other
samples, the degradation of the sample is not yet completed
even at 700°C.

From the results, we can also observe that chitosan extracted
through Methods A and B have less weight loss when
compared to other three methods; this is because incomplete
extraction of chitosan and presence of more chitin
characteristics. Similar results were also observed by (Abdou et
al., 2008; Zakaria et al., 2012). Sania et al (2012) also infers
that chitosan from have lower thermal stability.

Table 1 Yield percentage of chitosan extracted using five

different methods
Sample  Yield%
A 38
B 43
C 29
D 13
E 18
Table 2 Solubility of chitosan extracted using five different
methods
Sample  Solubility(%)
A 59
B 43
C 87
D 72
E 79

Table 3 Degree of deacetylation of chitosan extracted using
five different methods

Degree of

Samples deacetylation (DD)
%

Method A 65 +2.50
Method B 58+
Method C 87+
Method D 71+
Method E 73+

Table 4 Water and fat binding capacities of chitosan extracted
using five different methods

Samples Water Binding Fat Binding
Capacity (%) Capacity
Method A 795+ 2.50 519+2.50
Method B 732 +21.68 533+4+9.3
Method C 697+15.1 471.54£9.20
Method D 31249.3 364+15.01
Method E 274.2 £5.89 316+7.6
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Table 4 Water and fat binding capacities of chitosan extracted
using five different methods

Water R
Samples Binding Fig Bm(.ltmg
Capacity (%) apacity
Method A 795+ 2.50 519+£2.50
Method B 732 +21.68 533+49.3
Method C 697+15.1 471.5£9.20
Method D 31249.3 364+15.01
Method E 274.2 £5.89 316+7.6

Figure 1a Chitosan extracted through Method A

rASTRGO B

Figure 1b Chitosan extracted through Method B

R

erhod o

Figure 1c Chitosan extracted through Method C

Figure 1 TGA of the chitosan extracted using five different chemical methods

Water and fat binding capacity

Water binding capacity (WBC) and fat binding capacity (FBC)
of chitosans extracted using five methods are shown in Table 4
and there was a significant difference among the values.

Water binding capacities of chitosan from Methods A, B, C, D,
and E are 795, 732, 697, 312, and 274, respectively. According
to Knorr (1982), possible explanations for the differences in
water uptake between chitinous polymers include differences in
the crystallinity of the products, particles size of the chitosan,
differences in the amount of salt-forming groups, and
differences in the protein content of the materials.

We can also observe that fat water binding capacity of
chitosans extracted through Methods D and E are very less
when compared to others. The reason may be due to the
extraction process proceeds with deproteinization first followed
by demineralization. This is also evidenced by Rout (2001).
Sarbon et al., 2015 also extracted chitosan from the mud crab
shells showed a lower water binding capacity when
deproteinization carried out first. The water binding capacity is
comparatively high when the demineralization process carried
out first, Methods A, B, and C.

Fernandez-kim, 2004; Rout, 2001 reported that both the water
binding and Fat binding capacities of the chitosan is also found
to have a high negative correlation with the other physiological
characteristics like viscosity and molecular weight, degree of
deacetylation, and moisture content. Another factor that affects
the WBC is the concentration of NaOH solution used during
deacetylation process. Mahdysamar (2013) reported that when
50% NaOH solution is used during the deacetylation process,
chitosan with high degree of deacetylation and the excellent
functional properties like WBC and FBC can be obtained.

Water binding capacity of chitosan extracted through Method
C, which is used for further processes in this research, is 697%.
And the results are in agreement with several studies.
Kucukgulmez et al (2011). Reported that chitosan extracted
from M. sstebbingi shells had 712.99 % of water binding
capacity. Rout (2001) also added that WBC for chitosan
basically ranges between 581 to 1150%.

Fat binding capacity

The fat binding efficiency of chitosan synthesized through five
different methods are shown in Table 4. Fat binding efficiency
of chitosan extracted using Method C is 471%, whereas for
chitosan from Methods A, B, D, E are 519, 533, 364, and 316,
respectively. When demineralization is conducted prior to
deproteinization fat binding capacity is high and vice versa
when deproteinization is conducted prior to demineralization
and finally deacetylation. Another reason may be due to the
particle size of the chitosan samples (Moorjani et al. 1975). A
study by Cho et al. (1998) presented that the FBC of different
commercial chitosans were reported to range from 314 to
535% which is comparable with the mud crab chitosan
extracted in this study. A study by Knorr, 1982, also evidenced
the FBC of the chitosan ranged from 315 to 170%. No et al
(2000) evidenced that WBC and FBC of chitosan products
were in the range of 355-611% and 217-477%, respectively.

Molecular Weight and Viscosity

Molecular weight (MW) of the chitosan indicates the length of
the chitosan chain and molecular weight increases with the
chain length. Molecular weight is expressed as dalton or gram
per mole of chitosan. The molecular weight of chitosan is one
of the most important properties as it considerably affects the
physicochemical and functional properties (Yen et al., 2009).
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Molecular weight and Viscosity of the chitosan depends on
several factors such as concentration of alkali used during
deacetylation process, reaction time and temperature,
pretreatment of the chitin before deacetylation, particle size of
the chitin, dissolved oxygen concentration and shear stress
(Guo et al, 2002; Li et al., 1992; Nemtsev et al., 2002; Oh et
al., 2001; Tolaimate ef al, 2000). No et al. (1999); Bough et al.
(1978; Moorjani et al. (1975) decerase when NAOH used in
high condemonstrated that the viscosity chitosan is
considerably affected by physical (grinding, heating,
autoclaving, ultrasonication) and chemical (ozone) treatments,
except for freezing, and decreases with an increase in treatment
time and temperature.

Molecular weight and viscosity of the chitosan synthesized
from all the five methods are measured using modified method
of Wang and Kinsella (1976) and the results are tabulated in
Table 5.

Molecular weight and viscosity are two most important
parameters that influence the physiochemical characteristics of
chitosan such as solubility, degree of deacetylation, and
electrical charge properties, which determine the potential
applications of this polymer. Renault et al, (2009) stated that
degree of deacetylation is related to charge density of chitosan
and molecular weight corresponds to inter-particle bridging
(Faust & Aly, 1998), From the results obtained in this research,
we can observe that chitosan with lowest DD% has high
molecular weight; this may be due to incomplete extraction of
chitin and incomplete deacetylation of chitin. Khor and Lim,
2003; Kumar, 2000; Prashanth et al., 2002; Cao et al., 2005;
Tsaih et al., 2003).

Generally, chitosan synthesized through demineralization
followed by deproteinzation has high molecular weight
(Methods A, B, C) when compared to chitosan synthesized
through deproteinization followed by demineralization
(Methods D and E). The reason is the protective effect of the
shrimp protein layer against the hydrolytic action on the chitin
backbone during demineralization process carried out first
using HCI (Stevens, 2001), whereas in the second method the
protein shield is removed and polymer structure is more
exposed to HCI and chains are destroyed (Rout, 2001).

From the overall results, we can observe that chitosan obtained
through Method A has a molecular weight of 1070000 Da,
solubility of 59%, DD of 65% and viscosity of 816 cP.

Method B has a molecular weight of 1200000, solubility of
43%, DD of 58% and viscosity of 1100 cP.

Method C has a molecular weight of 365000, solubility of 87%,
DD of 87% and viscosity of 714 cP.

Method D has a molecular weight of 29,000, solubility of 72%,
DD of 71% and viscosity of 210 cP.

Method E has a molecular weight of 35,000, solubility of 79%,
DD of 73% and viscosity of 296 cP.

All the above-mentioned characteristics of chitosan are inter-
related. With the increase in molecular weight viscosity
increased (Qiu et al/, 2007), DD and solubility of the chitosan
decreases. In this research, with the aim of applying the
chitosan for effluent treatment, choosing the chitosan with high
deacetylation rate and solubility is of essence. Chitosan
obtained through Methods A and B have DD less than 70% and
therefore not considered as chitosan. Chitosan obtained though

Methods D and E have low molecular weight and and therefore
less viscosity (Bough and others 1978; Sophanodora and
Hutadilok 1995) due to polymer degradation. Chitosan
obtained through Method C has high molecular weight with
maximum DD% and solubility and hence utilized for further
processes. Results of this research also correlate with several
studies as follows. Domard et al (1989) used different
molecular weight chitosan for kaolinite removal and found that
higher molecular weight chitosan adsorbed more kaolin than
lower molecular weight. Chen et al (2003) applied four
different molecular weight chitosans in his coagulation-
flocculation study and inferred chitosan with high molecular
weight in the range of 300,000 Da has better bentonite removal,
whereas the lowest MW (27,900 Da) almost had no effect on
the removal. Roussy ef al (2005) also found bentonite removal
increased when high molecular weight chitosan used upto
100,000 daltons. Zeenat et al., 2013 also used high molecular
weight chitosan for the treatment of wastewater from the Local
Ghee Industry.

Relationship between water and fat binding capacities, degree
of deacetylation, molecular weight and viscosity

From the results of this research, we can observe that there is a
significant correlation among WBC and FBC, DD%, solubility,
molecular weight and viscosity of chitosan from all the
methods. Chitosan with highest WBC and FBC has highest
DD% but low molecular weight and viscosity. Similar results
were also observed by Ocloo et al. (2011).

CONCLUSION

Five different chemical methods were followed to extract
chitosan and according to extraction processes, the quality and
quantity of chitosan samples differed extremely, which were
confirmed by several analyses. Since the main aim of obtaining
chitosan is for effluent treatment, chitosan sample obtained
through Method C with molecular weight of 365000, solubility
of 87%, DD of 87% and viscosity of 714 cP is found to be
optimal.
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