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a b s t r a c t

Chitosan was prepared from Clanis bilineata larvae skin by heating, protein removal through flavourzyme
hydrolysis, salt removal with HCl, NaOH deacetylation, washing, and drying. The optimal hydrolyzing
conditions were pH 6.5 and 50 ◦C. The optimal deacetylation conditions were 55% NaOH (w/w), 120 ◦C,
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and 4 h. The resulting product’s protein content, degree of deacetylation, and chitosan yield were 0.16,
93.25, and 31.37% (w/w), respectively. FTIR spectra of the product showed the main component to be
chitosan and indicated that this method presents a promising means for chitosan preparation.

© 2010 Elsevier Ltd. All rights reserved.
lanis bilineata
eacetylating

. Introduction

Chitosan, a polymer composed primarily of �-(1 → 4)-2-amino-
-deoxy-d-glucose (d-glucosamine) monomers, is derived by
eacetylation of naturally occurring biopolymer chitin. Annually,
10 ktons of Clanis bilineata (C. bilineata) larvae are consumed in
hina. During processing, ∼2 ktons of larvae skin are produced and
ften randomly discarded, leading to environmental pollution. In
he interest of improving the understanding of chitosan production
rom this source, we were interested here in investigating means
or producing chitosan from C. bilineata larvae skin (CLS), with the
oals of determining optimal conditions for protein removal by
avourzyme hydrolysis and for subsequent deacetylating agents
nd of examining the composition of the resulting product.

. Materials and methods

.1. Removal of protein from CLS

A 50 g lot of CLS, purchased from a local agricultural market, was
rotein denatured by heating at 90 ◦C for 30 min, cooled to room
emperature (∼25 ◦C), pulverized, and suspended in 1 L of distilled
ater. Aliquots of the suspension were adjusted to 4.5, 5.0, 5.5, 6.0,
.5, and 7 using 1 M HCl. 0.4 ASPU of flavourzyme (Novo Nordisk,
enmark, 1000 ASPU/g), which can hydrolyze protein into soluble
eptide and amino acids, was added into Monod-type test tubes
ontaining 10 mL of suspension and the reaction mixture shaken

∗ Corresponding author. Tel.: +86 518 8595427; fax: +86 518 8595428.
E-mail address: wushengjun008@sina.com.

144-8617/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
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at 50 strokes/min by a Monod-type shaker (MD-100, Taitec Cor-
poration, Koshigaya, Japan) at 35, 40, 45, 50, 55, and 60 ◦C for 8 h.
Aliquots were taken from the reaction mixture through a steel filter
to separate support particles and the reaction terminated by mixing
with an equal volume of a 0.4 M trichloroacetic acid solution. The
protein content of the particles was used for evaluating the degree
of hydrolysis.

2.2. Deacetylating with NaOH

Protein-depleted CLS was soaked in 5% (v/v) HCl at room
temperature for 12 h for salt removal and the product (SPCLS)
deacetylated with added NaOH at 35, 40, 45, 50, 55, and 60% (w/w)
at 90, 100, 110, 120, 130, and 140 ◦C in an oil bath for 1, 2, 3, 4, 5,
and 6 h. The degree of deacetylation (DD) of SPCLS described below
was used for evaluating deacetylation effectiveness. Deacetylated
SPCLS was washed with distilled water to a neutral pH and dried
to a constant weight.

2.3. Analytical methods

Ash, moisture, and protein content of the samples were deter-
mined by standard methods (Anon., 1984). The DD of SPCLS was
measured by first derivative UV spectroscopic method (Muzzarelli,
Rocchetti, Stanic, & Weckx, 1997) using a Shimadzu (option pro-

gram/interface OPI-4) UV-Vis recording spectrophotometer UV 240
graphtcord (fast scan speed, 2 nm slit width, and 190–240 nm scan-
ning range). Sample Fourier Transform infrared spectroscopy (FTIR)
spectra were run as KBr pellets on a Nicolet Nexus FTIR 470 spec-
trophotometer from 500 to 4000 cm−1.

dx.doi.org/10.1016/j.carbpol.2010.08.033
http://www.sciencedirect.com/science/journal/01448617
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Fig. 3. Effect of time on degree of deacetylation. Results from triplicate experiments.

3.5. Effect of temperature on the DD
ig. 1. Effect of pH on removing of the protein by hydrolyzing with flavourzyme
the results are from three replicate experiments).

. Results and discussion

.1. Effect of pH on protein removal by flavourzyme hydrolysis

As reaction mixture pH can influence flavourzyme activity and
ubsequently influence protein hydrolysis, it was useful to investi-
ate the effects of pH values from 4.5 to 7 on flavourzyme activity
40 ASPU/g) at 45 ◦C for 8 h. The results showed that the minimum
LS protein content was achieved at pH 6.5 (Fig. 1). In other reports,
ptimal conditions for protein hydrolysis with flavourzyme indi-
ated pH 6.0 (Nyam, Tan, Lai, Long, & Man, 2009; Shen, Wang,

ang, Wu, & Chen, 2008), 6.5 (Deng, Huo, & Xie, 2008), and 7.5
Linder, Fanni, & Parmentier, 2005). The variety of reported opti-

al pHs may have been due to different flavourzyme sources and
ubstrates.

.2. Effect of temperature on protein removal by flavourzyme
ydrolysis

As reaction mixture temperature plays an important role in
avourzyme activity, being decreased by too high or low tempera-
ures, it was necessary to study the temperature effects from 35 to
0 ◦C on flavourzyme protein removal in reaction mixtures contain-

ng flavourzyme (40 ASPU/g) at pH 6.5 for 8 h. CLS protein content
ecreased with increase in temperature up to 50 ◦C due to enhanced
ctivity of the enzyme. However, further increasing the tempera-
ure resulted in increase in CLS protein content. This is expected as
oo high temperature denatured the enzyme. The results showed
hat the minimum CLS protein content was achieved at 50 ◦C
Fig. 2), which differed from the optimal flavourzyme protein
ydrolysis temperature reported elsewhere as 40 ◦C (Moreau, Nau,
iot, Guerin, & Brule, 1997), 45 ◦C (Deng et al., 2008), and 50 ◦C

Linder et al., 2005; Nyam et al., 2009; Shen et al., 2008). Again,
he various reported optimal temperatures may have been due to
ifferent flavourzyme sources and the substrates.

ig. 2. Effect of temperature on protein removal by flavourzyme hydrolysis. Results
rom triplicate experiments.
Fig. 4. Effect of NaOH concentration on degree of deacetylation. Results from trip-
licate experiments.

3.3. Effect of time on the DD

Time course studies of NaOH (50%, w/w) deacetylation at 110 ◦C
for 6 h showed a sharp increase in DD within 3 h, a slower increase
from 3 to 4 h, a decrease after 4 h, and a maximum DD after
4 h (Fig. 3). The decrease in DD after 4 h may have been due to
destruction of the main chain of the polysaccharide. The optimum
hydrolyzing time was judged to be 4 h.

3.4. Effect of the NaOH concentration on the DD

Examination of the effect of NaOH concentration from 35 to 60%
(w/w) on deacetylation at 110 ◦C for 4 h showed an initial increase
in DD and a decrease as NaOH increased, with a peak in DD at 55%
(w/w) (Fig. 4). Here, the decrease in DD at >55% may have also
been due to destruction of the polysaccharide main chain. Thus,
the optimal NaOH concentration was 55% (w/w).
Examination of temperature effects on deacetylation by 55%
NaOH (w/w) for 4 h showed a clear increase in DD with rising tem-
perature to 110 ◦C, a slower increase from 110 to 120 ◦C, decreased

Fig. 5. Effect of temperature on degree of deacetylation. Results from triplicate
experiments.
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ig. 6. An infrared absorption spectrum of a chitosan sample prepared from Clanis
ilineata larvae skin.

D beyond 120 ◦C, and a maximum DD at 120 ◦C (Fig. 5). Once again,
he decreased DD beyond 120 ◦C may have originated from main
hain polymer destruction at excessive temperatures. The optimal
emperature was designated at 120 ◦C.

.6. Characterization of the product
FTIR spectra of prepared samples showed absorption bands at
439 and 2923 cm−1 (NH bond stretching), 1773 cm−1 (C O bond
tretching), 1585 cm−1 (NH vibrational mode), and 1452 cm−1 (CH
ond angle vibration), indicating that the main component in these
s 83 (2011) 1008–1010

samples was chitosan (Fig. 6). The sample’s ash, moisture, and pro-
tein contents were 0.81, 4.51, and 0.16% (%, w/w), respectively, and
the product was a white, crisp, and water insoluble powder.

4. Conclusions

Flavourzyme treatment of CLS can remove most of the original
protein. The optimum conditions for this result were flavourzyme
at pH 6.5 and 50 ◦C. NaOH deacetylated the polymer effectively
under the optimal conditions of 55% NaOH (w/w), 120 ◦C, and 4 h.
FTIR spectra of the resulting samples indicated chitosan as the main
product component. The protein content of the product and the
chitosan yield were 0.16 and 31.37% (w/w), respectively.
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