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a b s t r a c t

Chitosan is a linear copolymer composed of (1 / 4)elinked 2-acetamido-2-deoxy-b-D-glucan (GlcNAc)
and 2-amino-2-deoxy-b-D-glucan (GlcN) units in varying proportions, having a high molecular weight
and strong intra- and intermolecular hydrogen bondings. Sonication has become an alternative for
degrading chitosan into low-molecular-weight chitosan (LMWC), chitosan oligomers and glucosamine. In
this study, chitosan was treated with sonication at 40 �C and 60 �C for 30 min and 120 min with various
acetic acid concentrations (0.2% v/ve1% v/v); the very-low-concentration acid solution functioned both
as a solvent and catalyst. After sonication, the samples were tested for changes in molecular weight,
water soluble proportion of chitosan (chitosan oligomers and glucosamine), degree of deacetylation,
degree of crystallinity, and morphology. The soluble and insoluble product yields at low concentration
(0.5% v/v) at 40 and 60 �C were 33.66e39.37 % and 32.43e34.26%, respectively. The main product was 5-
hydroxy methyl furfural with composition 92.16e99.43%. At high concentrations (1% v/v), the soluble
product and insoluble yields were 43.72e49.74% and 43.1e50.26%, respectively. The main product was
glucosamine with composition 77.75e93.16% of glucosamine. There were changes in the morphology and
crystallinity of the degraded chitosan, but no change in the chemical structure. The crystallinity had a
tendency to increase. The degree of deacetylation tended to decrease due to the glucosamine breakage.

© 2014 Elsevier Ltd. All rights reserved.
1. Introduction

Chitosan is a linear copolymer consisting of (1 / 4)elinked 2-
acetamido-2-deoxy-b-D-glucan (GlcNAc) and 2-amino-2-deoxy-b-
D-glucan (GlcN) units in varying proportions. It is the most
important derivative of chitin. A number of chitosan derivatives,
such as low-molecular-weight chitosan (LMWC), chitosan oligo-
mers (COS) and glucosamine have high potentials for use inmedical
and pharmaceutical applications, especially COS, that has uses as
drugs for asthma [1e4], as antibacterial agents [5], as substances in
wound-dressings [6,7], as vectors in gene-therapy [8,9], and as
glucose level control in diabetics [10e14].

A number of chitosan degradation methods, such as chemical
hydrolysis [15e17], oxidative-reductive degradation [18e21], and
enzymatic treatments [22] were reported to produce low-
molecular-weight chitosan (LMWC) and chitosan oligomers (COS).
Chemical hydrolysis uses both strong and weak acids as hydrolysis
agents to attain glucosamine and oligochitosan. Utilizing high
.
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concentrations of acids has some environmental issues, but pro-
duces high yields of small fragments and high rates of chitosan
hydrolysis. Furthermore, an excess acid treatment results in the
degradation of glucosamine, which significantly reduces the yield
[15e17]. The enzymatic process generally takes place under mild
conditions, but the reaction rate is slow. Furthermore, the enzyme
prices are high and the enzymes are not easily controlled [23,24].
Oxidative degradation in concentrated nitrous acid provides oli-
gochitosan with 9e18 monomeric units, and the end products
contained 2,5-anhydromannose residues by deamination [17].

The utilization of very low concentrations of weak acids com-
bined with sonication might provide an alternative method to
strong acid hydrolysis, eventhough the degradation reaction rate
will be lower. Acetic acid is theweak acid used, and it also functions
as a solvent. The concentration used was usually 6e12 wt% [25]
whereas 1e2% v/v concentrations were also evaluated [26,27].
Below this limit, chitosan will either only partially dissolve or not
dissolve at all. The acid provides the Hþ that will protonate the
amine groups of chitosan. If the number of hydrogen ions is suffi-
cient to balance the number of amine groups, it will be completely
dissolved.
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