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Abstract In order to enzymatically produce chitooligosaccharide

using the crude enzyme preparation from Bacillus cereus D-11,

we first studied the optimal reaction conditions. It was found that

the optimal temperature for hydrolysis of chitosan was 55oC. The

ratio of enzyme/substrate should not be lower than 0.13 U/mg in

the reaction mixture. The enzyme activity was stable below 50oC.

The products of enzymatic reaction were analyzed by both thin

layer chromatography and high performance liquid chromato-

graphy. Under the appropriate condition, chitosan was hydrolyzed

using the enzyme preparation. The resulting chitooligosaccharides

were purified and separated by Dowex (H+) ion exchange

chromatography. From 4 g soluble chitosan, 0.95 g (GlcN)2,

1.43 g (GlcN)3, and 1.18 g (GlcN)4 were recovered.

Keywords Bacillus cereus D-11 · chitooligosaccharides ·
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Introduction

Chitosan is insoluble in most solvents but is soluble in dilute

organic acids. The use of chitosan is limited because of its

insolubility in water, high viscosity, and tendency to coagulate

with proteins at high pH. In dilute aqueous acetic acid solution,

the free amino groups of chitosan bond with H+ to form R-NH3+,

resulting in a soluble chitosan. When [H+] is low, the degree of

NH2 protonation is also low. It is means the pH value of the

solution should be selected in a proper range (Tian et al., 2003).

Chitosan oligosaccharides (COS) are bioactive compounds

widely used in the fields of food, health care and agriculture.

Several methods have been reported during the past few decades

regarding the preparation of COS from chitosan, including

enzymatic degradation and hydrolysis of chitosan through

oxidation, UV, ultrasonication and irradiation. Among these

methods, acid hydrolysis of chitosan is the most frequently used

one for preparation of COS. The COS were obtained by HCl

(Domard and Cartier, 1989), nitrous acid (Furusaki et al., 1996),

phosphoric acid (Hasegawa et al., 1993) and hydrogen fluoride

(Defaye et al., 1994) and HNO2 (Tommeraas et al., 2001)

hydrolysis.

Alternatively, enzymatic hydrolysis of chitosan is regarded to

be a potential method that can be instead of the chemical method

in future. The enzymatic production of COS has been reported for

few decades. Kuroiwa et al. (2002) studied the reaction conditions

for effective production of pentamers and hexamers with enzyme

preparation, and observed that it is greatly dependent on surface

enzyme density, support particle size, temperature, aggregation

speed, and initial substrate concentration.

Selection of suitable, highly active, and substrate-specific

chitosanase for enzymatic hydrolysis of chitosan is important step

without any doubt. On the other hand, after hydrolysis, selection

of an effective method to separate the chitosan oligomers is also

important. In this study, we tried to produce chitosan

oligosaccharide using the crude enzyme preparation obtained

from D-11.

Materials and Methods

Materials. Crude chitosanase and soluble chitosan preparation

were obtained from the culture broth of B. cereus D-11 as

described in Gao et al. (2008). Dialysis tubing cellulose (76 mm
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× 49 mm) and Dowex (H+ from, Bio Rad Laboratories, Tokyo,

Japan) 50WX4-200 ion exchange resin were purchased from

Sigma-Aldrich. The chitosan oligomers were obtained from Wako

Chemicals (Osaka, Japan).

Effect of enzyme amounts on production of COSs. B. cereus D-

11 was cultured in broth medium at 30oC for 3 days. The culture

supernatant after centrifugation was dialyzed through a 0.5 kDa

cutting-off dialysis membrane. The resultant solution was used as

the enzyme preparation for the following experiments. To assess

the effect of enzyme amount on COSs production, 0.5–2 mL

enzyme preparation (7.5 U/mL) was incubated with 2 mL of 2%

soluble chitosan (40 mg) in a total volume of 4 mL at 37oC for

30 min. The reducing sugar was measured by DNS method

(Miller, 1959). 

Effect of temperature and thermal stability of chitosanase. For

determination of optimal temperature, the reaction was carried out

at various temperatures for 1 h. For measurement of thermal

stability, enzyme preparation was firstly incubated at various

temperatures for 1 h, and then it was incubated with soluble

chitosan at 37oC for 30 min. 

COSs production using enzyme preparation. 200 mL of 2%

soluble chitosan solution (pH 5.5) was incubated with 100 mL of

chitosanase (750 U) at 55oC for 18 h. The reaction was terminated

by heating at boiled water for 5 min.

For separation of each COS produced from the enzymatic

hydrolysis, 20 mL of reaction product were applied into a Dowex

ion-exchange chromatograpy (2.1×50 cm) which had been

equilibrated with 1 N HCl. The column was eluted by a step-wise

gradient of HCl solution from 1 to 4.5 N. The fractions were

collected in a coning tube (15 mL/tube).

The separated chitosan oligomer from the column chromatography

was pooled together and then concentrated under reduced pressure

with a rotary vacuum evaporator. After that, it was precipitated in

an ethanol solution 50% (v/v) and then dried in a freeze dryer. 

Analysis of COSs. The COS separated from the column was

checked by a Ninhydrin method. From a fraction collector, 0.1 mL

of COSs solution was taken and the pH was adjusted to neutral

with 1 N NaOH and then 1 mL of 0.2% Ninhydrin solution was

added. After boring at 100oC for 20 min, the mixture of each

fraction was determined in terms of the absorbance at 570 nm.

The COSs were checked by thin layer chromatography (TLC) (Jo

et al., 2003). The amount of COSs in the reaction mixture was

also analyzed by HPLC (model LC-10 AD, Shimadzu, Japan)

(Gao et al., 2009).Amounts of oligosaccharides produced were

calculated by comparing peak areas with those of the authentic

chitosan oligomers.

Results

Effect of the enzyme amount on chitosan degradation. To

investigate the effect of enzyme amount on the degradation of

chitosan, 40 mg of soluble chitosan was incubated with various

amounts of crude enzyme (7.5 U/mL) at 37oC for 30 min in a total

volume of 4 mL. The enzyme used in the reaction ranged from 0–

15 Units. From the results shown in Fig. 1, it was found that the

degradation of chitosan was very slow when lower than 5.25

Units of enzyme (or enzyme/chitosan ratio is 0.13 U/mg) were

incubated with 40 mg soluble chitosan. The hydrolysis rate

increased rapidly when the enzyme amount increased from 5.25 to

7.5 Units (or enzyme/chitosan ratio is 0.135 to 0.19). From 7.5

Units (0.19 U/mg), more enzyme amounts added in the reaction

solution resulted in a slow increasing of the chitosan degradation

rate.

Effect of temperatures on the degradation of chitosan. To

understand the effect of temperature on the chitosan degradation,

the enzyme reaction was carried out at various temperatures (37–

70oC) for 1 h (Fig. 2). The results showed that the highest

hydrolysis rate was at a temperature range from 55–65oC. 

The thermostability of the enzyme was also studied. As shown

in Fig. 2, the enzyme was stable below 50oC. The enzyme activity

lost dramatically at a temperature higher than 60oC. 80% of the

total enzyme activity lost at 70oC for 1 h.

The enzyme reaction was carried out at various temperatures,

leading to a different hydrolysis rate as shown in Fig 4. In

addition, the products of enzyme reaction were analyzed by both

TLC and HPLC. From the TLC results shown in Fig. 4, it was

found that the products of enzyme reaction at 37–70oC were

mainly composed of (GlcN)2, (GlcN)3 and (GlcN)4. The

Fig. 1 Effect of enzyme amounts on the chitosan degradation.
Various amounts of crude enzyme solutions were incubated with 2%
soluble chitosan at 37oC for 30 min.

Fig. 2 Effects of temperature on activity and thermostability of the
enzyme. The enzyme was preincubated at various temperatures for 1 h

before enzyme reaction at 37oC. -○- chitosanase activity; -●-
chitosanase thermostability.
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temperatures did not affect the composition of the products. The

highest amounts of (GlcN)2, (GlcN)3 and (GlcN)4 were achieved

at 50–55oC.

For a further quantification of the reaction products, HPLC

analysis was carried out at various temperatures for 1 h (Table 1).

Range of the hydrolysis rate was 48.4–76.0%. The maximal

production of total COSs was obtained at 55oC. The composition

of (GlcN)2, (GlcN)3 and (GlcN)4 were 13.2, 32.6, and 30.2%,

respectively. 

Time course of the degradation of chitosan. Fig. 4 showed the

time course of chitosan degradation during 18 h at 55oC. The

reducing sugar released from the chitosan in the reaction solution

increased with the increasing time during the first 2 h. During the

following reaction time, no significant degradation was found. 

For a further quantification of the reaction products, HPLC

analysis was carried out at 55oC for various time interval (Table

2). A similar result with TLC analysis was found that production

of (GlcN)2, (GlcN)3 and (GlcN)4 increased during the first 2 h.

From 2 to 18 h, little further degradation was found. The amounts

of (GlcN)2, (GlcN)3 and (GlcN)4 in the degradation products were

14.0, 36.8, and 21.7% after 2 h, respectively. In addition, the

HPLC results also showed that a few amounts of (GlcN)5

produced during the first 15 min and the (GlcN)5 was soon

degraded to smaller COSs.

Purification of COSs enzymatically produced from soluble

chitosan. To obtain the COSs, a mixture of 200 mL of 2% soluble

chitosan and 100 mL of dialyzed chitosanase (750 U) (or enzyme/

chitosan ratio is 0.1875 U/mg) was incubated for 18 h at 55oC,

and then boiled for 5 min. The hydrolysis products (GlcN)2,

(GlcN)3 and (GlcN)4 was separated by Dowex (H+) ion-exchange

chromatography. The products were separated into three main

peaks, as shown in Fig. 5, named by A, B, and C, respectively. To

confirm the composition of these peaks, TLC and HPLC analysis

were carried out. The products obtained from the three peaks 26–

35, 37–46, and 50–59 are (GlcN)2, (GlcN)3, and (GlcN)4,

respectively (Fig. 6). The composition of each peak was also

confirmed by reverse-phase HPLC on TSK gel NH2-60 column.

(Data not shown). 

To concentrate each COS, A, B, and C were separately

dissolved in ethanol, which was evaporated to dryness under the

reduced pressure at 60oC. This operation was repeated twice to

completely remove residual HCl. The resulting COSs were

lyophilized and then conserved in a P2O5 containing desiccators.

Finally, A, B, and C corresponding to (GlcN)2, (GlcN)3, and

(GlcN)4 were weighted to be 0.945, 1.427, and 1.183, respectively

(Table 3).

Fig. 3 TLC analysis of the products of enzyme reaction operated at
various temperatures. Enzyme and substrate were incubated at various
temperatures for 1h. S1-3: standard of (GlcN)1-3.

Fig. 4 Time course of degradation of chitosan by crude enzyme
produced by B. cereus D-11.

Table 2 HPLC analysis of the hydrolysis products of chitosan by B. cereus D-11 chitosanase during different incubation time

Reaction time (h)
Hydrolysis products (%)

(GlcN)2 (GlcN)3 (GlcN)4 (GlcN)5 Total (GlcN)2-4

0.25 02.2±0.5 06.8±1.7 08.9±0.9 3.1±1.8 21.1

0.5 04.9±1.2 14.7±1.5 15.3±1.0 0 34.9

1 07.2±2.3 20.2±1.2 19.2±2.0 0 46.6

2 14.0±0.4 36.8±2.9 21.7±2.1 0 72.5

4 16.2±2.1 38.9±3.1 23.6±0.3 0 78.7

18 20.7±1.3 40.0±4.1 24.3±2.1 0 85.0

Table 1 HPLC analysis of the amount of hydrolysis products by D-
11 chitosanase

Reaction
temperature

(oC)

Hydrolysis products (%)

(GlcN)2 (GlcN)3 (GlcN)4
Total

(GlcN)2-4

37 8.0±1.5 19.9±2.3 20.5±4.5 48.4

40 9.0±2.5 22.9±2.1 18.1±3.5 50.0

45 15.9±2.20 27.2±4.5 27.8±2.4 70.9

50 17.3±3.00 24.2±3.4 27.6±4.1 69.2

55 13.2±1.30 32.6±0.9 30.2±2.3 76.0

60 7.6±4.5 28.3±2.2 26.5±3.3 62.4

65 6.0±3.9 24.7±1.3 24.1±4.1 54.8

70 4.1±5.4 20.0±0.7 24.1±3.2 48.2
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Discussion

In this study, for a maximal production of COSs from chitosan, we

investigated the optimal conditions, including the optimal

temperature and thermostability of this enzyme, the optimal

incubation time and the enzyme amounts required. The optimal

temperature was determined to be 55oC and the enzyme was

stable below 50oC. A longer reaction time resulted in a higher

degradation, however, it seemed that during the first 2 h, most of

the chitosan have been degraded into COSs which could not be

further degraded even though a longer reaction time was given.

The enzyme amounts required for an effective degradation of

chitosan have also been studied. The results indicated that the ratio

of enzyme/substrate should not be lower than 0.13 U/mg in the

reaction mixture. Kuo et al. (2004) reported that using a crude

chitosanase from B. cereus NTU-FC-4, the highest enzyme/

substrate (E/S) ratio used for the hydrolysis of degree of

deacetylation (DDA) 66% chitosan was set at 0.2 U/mg in the

system.

From the time course of the enzymatic degradation of soluble

chitosan, it was found that the hydrolysis rate was very fast during

the first 2 h. And in the following reaction time, no significant

change occurred, suggesting that the enzyme was an endo-type

enzyme which hydrolyzed the enzyme in an endo-type very fast

in the beginning. The TLC and HPLC analysis results indicated

that the products were composed of (GlcN)2, (GlcN)3 and (GlcN)4

even though a prolonged time was allowed. However, it seemed

that (GlcN)5 produced at very early stage would be further

egraded into (GlcN)2 and (GlcN)3 because (GlcN)5 occurred at

15 min was not observed at 30 min or a longer time.

From 4 g of chitosan sample, a final yield 23.63, 35.69, and

29.58% (GlcN)2, (GlcN)3 and (GlcN)4 were obtained, respectively.

These results were compared with the previously reported acid

hydrolysis method where the final yield 11.6% of (GlcN)1, 28.8%

of (GlcN)2, 28.1% of (GlcN)3, 8.4% of (GlcN)4, 8.0% of (GlcN)5,

and 4.7% of (GlcN)6 were obtained at 24 h reaction (Lee et al.,

1999). This suggested that our chitosanase could more effectively

degrade chitosan than the chemical method.

In addition, our chitosanase was compared with other reported

ones on degradation of chitosan. For instance, Kuo et al. (2004)

reported a crude chitosanase from B. cereus NTU-FC-4, which

hydrolyzed chitosan of DDA 66% in batch reactor and membrane

reactor to continuously produce chitooligosaccharides. The yield

obtained by this technique was 75 and 99.9% of total amount of

(GlcN)2-6, respectively. And Izume and Ohtakara (1987) reported

COSs from (GlcN)2-5 can be prepared by enzymatic hydrolyzate

of chitosan with a recovery above 60%.

Finally, we concluded that COS (GlcN)2, (GlcN)3, and (GlcN)4

could be prepared with a good yield by an enzymatic production

process by B. cereus D-11 chitosanase as well as a purification

step applying the Dowex ion exchange chromatography.
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Fig. 5 Elution patterns of chitosan samples from Ion-exchange
column and the column was eluted with a linear gradient of HCl from
1 to 4.5 N by Ninhydrin method. A, B, and C indicate the fractions
pooled.

Fig. 6 TLC analysis of fractions from ion-exchange chromatography. S1-6: standard of COSs.

Table 3 Yield of COSs purified from ion-exchange chromatography

(GlcN)n Yield (g) Hydrolysis rate (%)

(GlcN)2 0.95 23.63

(GlcN)3 1.43 35.69

(GlcN)4 1.18 29.58

Total (GlcN)2-4 3.56 88.89
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