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Physical and chemical properties of mono- and disaccharide chitosan derivatives
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Abstract

In this study reductive alkylation was
used as a procedure for covalent attachment
of monosaccharides and disaccharides to the
primary amine group of chitosan.
Solubilization was improved by introducing
suitable hydrophilic moieties onto the
chitosan backbone, and were discuss
antimicrobial activities. The results that
chitosan fructose derivative was soluble in
pH 7 solution, but the other three kinds
chitosan monosaccharides (glocose
galactose ~ glucosamine) derivatives were not
soluble in pH 7 Chitosan
disaccharide derivatives were soluble in pH 7
solution and were even soluble in pH > 8
solution.

The antimicrobial activities of chitosan

solution.

lactose derivative and chitosan against E. coli
under acdic solution were similar, and they
could reduce 2 log cycles. Chitosan lactose
derivative could inhibit the growth of S.
aureus incompletely under acidic solution.
The antimicrobial activities of water
soluble chitosan maltose derivative against B.
cereus and S. aureus were most distinctive,
and when the concentration was 1000 ppm, it




could reduce 7 log cycles of B. cereus and
inhibit the growth of S. aureus incompletely.
The antimicrobial activities of water soluble
chitosan cellobiose derivative against E. coli
and Sal. spp were the best, when 1500 ppm
was used, it could reduce 9 log cycles of E.
coli and reduce 8 log cycles of Sal. spp.
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A= BRTREERTLEHOBREEN -
Table 1. The solution stability of chitosan monosaccharide derivatives.

Acidic solution  Dilute acidic Neutral Basic solution
pH<6 solution pH6-7 solution

pH7 pH>8

Glucose
DD:40-50% *
Glucose

DD:30-40%
Galactose
DD:50-60%
Galactose
DD:40-50%
Glucosamine
DD:60-70%
Glucosamine
DD:50-60%
Glucosamine
DD:40-50%
Fructose
DD:40-50%

+ + -

+ + 4+
]

+ + + + + +

+ + + -

a : the degree of deacetylation (DD) in chitosan monosaccharide derivatives.
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Fig. 1. Effect of the different concentration of fructose on the yield of chitosan fructose

derivatives.

The chitosan fructose derivatives were prepared from 1% chitosan and 1-4%
fructose by reductive alkylation.
* yield = the weight of product / the weight of chitosan and fructose
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Fig. 2. Effect of the different concentration of lactose on the degree of deacetylation in
' chitosan lactose derivatives.
The chitosan lactose derivatives were prepared from 1% chitosan and 1-4%
lactose by reductive alkylation.
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Table 2. The solution stability of chitosan lactose derivatives.
Acidic solution pH<6 Neutral solution pH7  Basic solution pH>8

Lactose + + +
DD:50-60%"

Lactose + + +
DD:40-50%

Lactose + + +
DD30-40%

Lactose + + +
DD:20-30%

a : the degree of deacetylation (DD) in chitosan lactose derivative.
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Fig. 3. Effect of the different concentration of lactose on the yield of chitosan lactose
derivatives.
The chitosan lactose derivatives were prepared from 1% chitosan and 1-4%
lactose by reductive alkylation.
*yield = the weight of product / the weight of chitosan and lactose
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Fig. 4. Effect of the different concentration of maltose on the degree of deacetylation in
chitosan maltose derivatives.
The chitosan maltose derivatives were prepared from 1% chitosan and 1-4%
maltose by reductive alkylation.
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Table 3. The solution stability of chitosan maltose derivatives.
Acidic solution pH<6 Neutral solution pH7 Basic solution pH>8

Maltose + + +
DD:40-50%"

Maltose + + +
DD:30-40%

Maltose + _ + +
DD:20-30%

Maltose + + -

DD:<20%

a : the degree of deacetylation (DD) in chitosan maltose derivative.
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Fig. 5. Effect of the different concentration of maltose on the yield of chitosan maltose

derivatives.
The chitosan maltose derivatives were prepared from 1% chitosan and 1-4%

maltose by reductive alkylation.
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Fig. 6. Effect of the different concentration of cellobiose on the degree of deacetylation
in chitosan cellobiose derivatives.
The chitosan cellobiose derivatives were prepared from 1% chitosan and 1-4%
cellobiose by reductive alkylation.

RO - RTRERELRITEDOERBEHS -
Table 4. The solution stability of chitosan cellobiose derivatives.

Acidic solution pH<6 Neutral solution pH7 Basic solution pH>8

Cellobiose + : + +
DD:30-40%"

Cellobiose + + +
DD:20-30%

Cellobiose + + -

DD:<20%

a : the degree of deacetylation (DD) in chitosan cellobiose derivative.




100
- 1%
80 1 ..o..

80
70 -

60 4

(%)

40 -

Yield

30 1

20 1

[ _— T -

0 10 20 30 40 50

Reaction time (hrs)

Bt  MBENMBTFGAmENSTRESEERITLEHEROLE -
Fig. 7. Effect of the different concentration of cellobiose on the yield of chitosan

cellobiose derivatives.
The chitosan cellobiose derivatives were prepared from 1% chitosan and 1-4%

cellobiose by reductive alkylation.
*yield = the weight of product / the weight of chitosan and cellobiose
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Table S. Effect of chitosan disaccharide derivatives under acidic solution (pH6.0) on the

growth of Escherichia coli.
Change of population (Log CFU/mL)’
Chitosan 273
DD:>90%"*
Lactose -2.75°
DD:50-60%2
Maltose -1.47°
DD:40-50%
Cellobiose -0.10¢
DD:30-40%

“Population increased “+” , Population decreased “—"

“"Means with the same letter on the same column were not significant difference
(p>0.05) by Duncan’s Mutiple Range Test (DMRT)

A : the degree of deacetylation (DD) in chitosan is >90%.

B : the degree of deacetylation (DD) in chitosan disaccharide derivatives.
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Table 6. Effect of chitosan disaccharide derivatives under acidic solution

(pH6.0) on the growth of Staphylococcus aureus.
Change of population (Log CFU/mL)’

Chitosan -0.25°"
DD:>90%"*
Lactose -5.18
DD:50-60%" :
Maltose -0.28°
DD:40-50%
Cellobiose -1.67°
DD:30-40%

“Population increased “+” , Population decreased “—"

“Means with the same letter on the same column were not significant difference
(p>0.05) by Duncan’s Mutiple Range Test (DMRT)
A : the degree of deacetylation (DD) of chitosan is >90%.

B : the degree of deacetylation of chitosan disaccharide derivatives.
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Fig. 8. Effect of water soluble chitosan disaccharide derivatives with
different concentration on the growth of Bacillus cereus.
a : the degree of deacetylation (DD) in chitosan disaccharide

derivatives.
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Fig. 9. Effect of chitosan disaccharide derivatives with different
concentration on the growth of Staphylococcus aureus.
a : the degree of deacetylation of chitosan disaccharide
derivatives.
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Fig. 10. Effect of chitosan disaccharide derivatives with different
concentration on the growth of Escherichia coli.
a : the degree of deacetylation of chitosan disaccharide
derivatives.
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Fig. 11. Effect of chitosan disaccharide derivatives with different
concentration on the growth of Salmonella spp..
a : the degree of deacetylation of chitosan disaccharide

derivatives.




