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ABSTRACT: Chitosan is a natural polysaccharide, a deacetylated derivative of chitin. It is
composed of β-(1-4) linked 2-amino-2-deoxy–D-glucopyranose and 2-acetamido-2-deoxy–D–
glucopyranose. Chitosan has been considered as a functional biopolymer, which is used in various
industrial applications such as food & nutrition, pharmaceuticals, cosmetics industries and
agricultural industries. Due to its high molecular weight with fibre like structure, containing
abundant hydrogen bonds, chitosan is only soluble in dilute acid, insoluble in water and tough to be
assimilated by human bodies, prevents the widespread use of chitosan. Several methods have been
used to lower the molecular weight of chitosan, like chemical depolymerisation by acid hydrolysis or
redox reaction using O3, NaNO2, H2O2, Physical depolymerisation using Ultrasonic radiation or
hydrodynamic shearing and Enzymatic depolymerisation. However chemical depolymerization has
several drawbacks, including harsh conditions of hydrolysis, low yield of product etc. Enzymatic
________
hydrolysis is more advantageous since it requires only mild condition to produce high yield product
and also it retains the original molecular structure. Enzymatic degradation can takes place either
with the use of specific enzymes like chitinase and chitosanase, but they are most expensive. Hence
non-specific enzymes like cellulase, pectinase, pepsin, papain, protease, and amylase are most
widely used for cost effective high yield production of low molecular weight chitosan (LMWC). This
article discusses about the various enzymatic methods used in the preparation of low molecular
weight chitosan.
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INTRODUCTIONS:
Chitosan is a natural polysaccharide composed of β-(14) linked 2-amino -2-deoxy –D-glucopyranose and 2acetamido-2-deoxy –D –glucopyranose. It is non-toxic,
biodegradable and biocompatible. Chitosan is
commercially produced by deacetylation of chitin, which
is extracted from the exoskeleton of crustaceans (Such as
shrimp, lobster, crabs and fish) and cell walls of fungi. It
is widely used in various industrial applications [1-4]. Due
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to its large molecular weight and the structure containing
abundant hydrogen bonds, chitosan is only soluble in
dilute acid, insoluble in water, and tough to be
assimilated by human bodies, which hinders its
application in pharmaceutical preparations drastically. If
chitosan is degraded to low molecular weight less than
10000, its water solubility is greatly increased,
conducive to human intestinal digestion and absorption.
Low molecular weight, water soluble chitosan,
oligomers of β-1,4- linked 2-amino-2-deoxy-Dglucopyranose (GlcN) and 2-acetamido -2-deoxy-Dglucpyranose (GlcNAc) has many special biological,
chemical and physical properties such as antifungal,
antibacterial and antitumor activities which are different
from ordinary chitosan[5].
Low molecular weight inhibits the growth of bacteria
and fungi[6-11] exerting antitumor activity[9,12,13], antiatherosclerotic effects[14] acting as immune potentiating
effectors[15], and eliciting pathogenesis – related proteins
in higher plants[16]. Low molecular weight chitosan with
an average molecular weight in the order of 5-20 kDa
seem to have enhanced functional-biochemical
significance compared to chitosans of higher molecular
weights. According to Kondo, et al. [17] 20kDa chitosans
prevent progression of Diabetes mellitus and exhibit
higher for lipopolysaccharides than 140kDa chitosan.
Low molecular weight chitosans of 5-10 kDa showed
stronger growth inhibitory effect on several pathogens
including Fusarium oxyporum, Phomopsis fukushi,
Alternaria alternate. Felt et al and Ikeda et al
demonstrated that LMWC, with an average molecular
weight more than 5kDa prevented the rise of serum
cholesterol of rats fed cholesterol-enriched diets for 14
days[18,19]. Low molecular weight chitosan also reduced
the incidence of early pre-neoplastic markers of colon
carcinogenesis[20], Suzuki et al found that chito-hexamer
suppressed Sarcoma – 180 and Meth-A tumour growth
in mice[21].
Degradation of chitosan into low molecular weight
chitosan includes various methods like physical,
chemical and enzymatic degradation. Chemical
degradation can be carried out by acid hydrolysis or
redox reaction using O3, NaNO2, H2O2, however has
some defects, including harsh hydrolysis conditions, low
yields, and chemical modification of the glucose rings.
Physical degradation of chitosan requires special
equipment and the resulting molecular weight cannot be
controlled [22-24]. Enzymatic methods offers more
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advantages such as mild and specific reaction condition,
high yield of product, no glucose ring modification and
more facile to be controlled[3,24-26]. Most importantly
enzymatic hydrolysis retains original biological
properties of chitosan. Hence enzymolysis is more
relevant and advantageous for the preparation of Low
molecular weight chitosan from the practical point of
view.
ENZYMOLYSIS OF CHITOSAN:
Enzymatic degradation process of chitosan for the
production of low molecular weight chitosan can be
carried out by either through specific enzymes or by
through non specific enzymes[22,23].Specific enzymes
which very effectively reduce the molecular weight
includes chitinase and chitosanase[27-29]. But their
practical application is limited, due to their high cost and
limited availability. Hence most commonly non specific
enzymes are used for the degradation process of
chitosan.
Non
specific
enzymes
used
in
[30,31]
depolymerization of chitosan includes α-amylase
,
Cellulase[32-34], Pectinase[35-38], Pepsin[24], Papain[39,40],
neutral Protease[41] and Lipase [42].
Preparation of LMWC using Complex Enzymes:
Huafei, et al. [43] prepared low molecular weight Chitosan
by complex enzymes. The complex enzymes composed
of commercial α-amylase, cellulase and pectinase. The
enzymatic degradation for 2 h. under the conditions of
zymolyte ratio 1:5 (m/m), pH 5.3 and temperature 56˚C
resulted in low molecular weight Chitosan ranged from
1000 to 4000 Da and production yield reached more than
90% with good water solubility.
Preparation of LMWC using Proteolytic enzymes:
Vishnu, et al.[44] prepared depolymerised Chitosan by
using Proteolytic enzymes. Chitosan solution (1%
dissolved in 1% acetic acid and pH adjusted with 0.1N
HCl/NaOH) was treated with enzymes (papain, pepsin
and pronase) in the ratio 100:1 (w/w), incubated for
different periods at optimum conditions (temperature of
30-45˚C and pH ranges from 1.5-7). The reaction was
arrested by heat denaturing the enzyme and adjusting the
pH of the reaction mixture to 7.0 using 2N NaOH. The
precipitate (LMWC) obtained after centrifugation was
washed and dialyzed against water using a membrane
having Mw cut-off 2KDa and freeze dried. Molecular
weight of low molecular weight Chitosan was
determined by Gel Permeation Chromatography and
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HPLC. The depolymerization reaction obeyed
Michaelis-Menten kinetics and Km and Vmax values
indicated higher affinity of pepsin towards chitosan. The
chitosanolytic products were low molecular weight
chitosans (LMWC, a major product), chitooligomers
(COs) as well as monomers. Low molecular weight
chitosans had molecular weight in the range, 4.1–10.0
kDa depending on the reaction time.
Preparation of LMWC using α-Amylase:
Shengjun [45] prepared water soluble Chitosan using αamylase. About 1% w/w of chitosan was dissolved in
1% v/v aqueous acetic acid and pH was adjusted to 5.0
using 1M NaOH. 20 mg of α-amylase was added into a
reactor containing 500 ml of chitosan solution and then
maintained in a thermostatic water bath at 50˚C for 4 h.
The aliquots of reaction mixture were periodically with
drawn, filtered and heated at 95˚C for 15 min to
terminate the reaction. The aliquots of hydrolysate were
neutralized with 1M NaOH, filtered concentrated to 16%
(w/v) and precipitated with ethanol. The precipitate was
then filtrated through a pre weighed Whatman GF/A
filter, dried at 60˚C for 3 h and finally crushed the
percentage recovery of water soluble Chitosan was
calculated. Under these conditions, the average
molecular weight of chitosan decreased to 730 Da.
Preparation of LMWC using Pepsin:
Foua, et al.[46] optimized and characterized the chitosan
enzymolysis by Pepsin. Response Surface morphology
was launched to investigate the influence of process
variables on the degree of hydrolysis (DH) followed by a
Box-Behnken design approach. The optimized
conditions were a 10.0-g/l chitosan concentration of pH
4.0 at 50oC, a 110-mg/l pepsin concentration and
enzymolysis time of 70 min, where the predicted value
of the DH was 91 %. Based on the characteristic
analyses by FTIR, UV-VIS and SEM, hydrolyzed
product LMWCs almost retained the backbone of the
chitosan macromolecular structure. The breaking of the
C-O-C glycosidic bond led to chain scission and the
formation of carbonyl groups. Therefore, the author
concluded that this degradation method was feasible,
convenient and potentially applicable.
Preparation of LWMC using Pepsin with PQCI:
Tao, et al. [47] degraded chitosan by pepsin using
Piezoelectric Quartz Crystal Impedance Analysis
Technique (PQCI). Chitosan solution (15 ml) was added
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to a 25 ml detection cell; the solution was first stirred for
5 min at 45˚C and then sonicated for 3min to eliminate
any gas bubbles. After that, the PQCI sensor was
immersed in the solution and the detection cell was
placed into a thermostatic bath to incubate at ambient
temperature. After the temperature reached the
measurement temperature, 20 µl of the stock pepsin
solution was injected into the detection cell and the
variation of the impedance response parameters was
monitored by an HP4192A impedance analyzer in real
time. The investigated solution was stirred during the
degradation process. The degradation conditions were
investigated in detail. The results show that the optimal
pH value and temperature were 4.6 and 55˚C,
respectively. PCQI analysis technique is perhaps a
potential method for determining the degree of
deacetylation. When compared to other methods, PQCI
analysis technique can not only avoid cumbersome and
tedious operation, but also monitor the degradation
process in real time.
Preparation of LMWC using crude cellulose:
Xie, et al.[48] depolymerised Chitosan using crude
cellulase when accurately weighed chitosan was
dissolved in 1% (v/v) of acetic acid solution. One
percent (w/v) of enzyme solution was then added to the
chitosan solution. The reactions were conducted by
incubation at different temperatures in a temperaturecontrolled water bath shaker. The reaction time was
varied to obtain material with different degrees of
polymerization. At the end of the specific time period,
the reaction was stopped by boiling the mixture for 10
min to denature the enzyme. Then the enzyme was
removed by filtration under reduced pressure. The
apparent viscosity, intrinsic viscosity and viscosity
average molecular weight were calculated. The optimum
conditions for enzymatic hydrolysis were investigated.
In the selected conditions (temperature 500C, pH 5.0 and
enzyme to substrate ratio of 1:5), Chitosan was
hydrolyzed for 1,4, 8 and 24 h, its viscosity –average
molecular weights were found to be 3. 49 × 104, 1.18 ×
104, 5.83 × 103, and 1.13 × 103 respectively.
Preparation of LMWC using papain:
Zeng, et al.[49] enzymolysed Chitosan using papain. The
enzymolysis of the chitosan were performed by applying
response surface methodology (RSM). Papain solution
(1.0 g/l) was obtained by dissolving the enzyme in PBS
buffer (0.1 mol/l, pH 7.0). Stock solution of chitosan
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(18.0 g/l) was prepared in 0.2 mol/l acetate buffer
solution and it was diluted into the concentration varied
from 0 to 12.0 g/l. According to the experimental design,
different concentrations of papain were added into the
chitosan solution. The enzymolysis was performed by
employing a shake flask method with 150 ml flask in a
temperature-controlled water bath. After 50 min, the
reaction was quenched by heating treatment at 100◦ C for
10 min. The reaction mixture was adjusted to pH 7.0
with 0.2 mol/l NaOH, and then centrifuged at 3000 rpm
for 4 min, resulting in a precipitate of low molecular
weight chitosan (LMWC) and a supernatant containing
both chitosan oligosaccharides and monomers. The
supernatant was used for HPLC analysis and the soluble
reducing sugars (SRSs) measurement. The precipitate
(LMWC) was lyophilized and weighed. All the
experiments were carried out in triplicate under the same
condition and average values are reported. In the kinetic
experiments, the reaction was monitored at regular
intervals and the SRSs content was detected. The
optimized conditions were chitosan substrate
concentrations 7.98 g/l., pH 4.55 and temp. 44.440 C.

Chitosan preparation enzymatically.

considered superior because of its various advantages
like retain of original structure (no ring modification)
and mild reaction conditions giving high yield.
Therefore enzymatic hydrolysis of chitosan could be
done effectively and efficiently using various specific
enzymes like chitinase and chitosanase and non specific
enzymes like cellulase, pectinase, papain, pepsin,
amylase.
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Table 1. Different approaches of enzymolysis of Chitosan.

Preparation of LMWC using Extracellular enzymes:
Shadia, et al.[50] prepared low molecular weight chitosan
using extracellular enzymes. The extracellular enzymes
preparations (EEP) produced by B. alvei strain was
performed according to the method as described by
Novikov and Mukhin[51]. To the Stock (200 ml) solution
of chitosan (1%) in a 0.2M sodium acetate buffer at pH
5.5, 50 ml of the EEP was added. The reaction mixture
was incubated at 37˚C for 3 h (without stirring). The
degree of chitosan hydrolysis was measured by viscosity
reduction of the chitosan solution using a Brookfield
viscometer type LV (at 50 rpm). After measuring the
reduction in viscosity of the chitosan solutions, LMWC
was obtained. The optimum temperature for the
enzymatic hydrolysis was around 40 0C and the optimum
pH was 5.5. Low molecular weight water soluble
chitosan with 5 kDa was obtained.
CONCLUSION:
Low molecular weight chitosan is a topic of growing
interest, because of its water solubility, advantage and
wide applications in various fields. Hence various
methods are adopted for high yield and cost effective
production of low molecular weight chitosan.
Considerably chemical, physical and enzymatic methods
of hydrolysis are followed. But enzymolysis is
Anita, et al.
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