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Abstract
Preparation of chitosan oligomer by radiation degradation was carried out on the

gamma Co-60 source. The radiation degradation yield (Gci) of the chitosan was found to
be of 1.03. The oligochitosan with 50% of dp>8 fraction was obtained by irradiating the
10% (w/v) chitosan solution in 5% acetic acid at 45 kGy for the chitosan having the initial
viscometric average molecular weight, Mv= 60,000. Irradiated chitosan showed higher
antifungal effect than that of unirradiated one. Furthermore, the irradiated chitosan also
showed the growth-promotion effect for plants.
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1. Introduction
Chitosan is one of the natural polymers, poly-P- (1-4) -N- acetyl-D-glucosamine,

derived from chitin by alkali deacetylation. This natural polymer has been produced mainly
from the shell of crustaceans, such as shrimp, lobster, crab, squid, etc.. [1], The annual
production of chitosan in the world is of about 2,000 tons [2].

Chitosan and its derivatives have been extensively studied and widely utilized in
medicine and cosmetics as carriers for drug, enzyme, tissue, wound dressing, hair spray,
skin care cream [1-5]. In agriculture, chitosan has been also used as plant regulator, agro-
products preservative [6]. In addition it has been used for metal adsorption in waste water
treatment and for purification in fruit juice production,.. Matshuhashi and ICume (1997)
reported the higher antimicrobial activity of chitosan induced by radiation and their results
indicated that chitosan with molecular weight (MW) from 103 to 3.10s exhibits fairly high
antimicrobial activity in vitro [7]. Recently Ha et al (1999) reported the higher antifungal
activity of irradiated chitosan [8].

Oligochitosan with degree of polymerization (DP) from 7 to 14 has been
recognized as phytoalexin inducer to prevent infection of many fungi for plants f:9,10].
Thus oligochitosan is very promising to utilize in agriculture and medicine for
enhancement of immune system against infection of diseases [4, 6].

Several degradation methods to regulate MW of polysaccharides including
chitosan have been studied such as chemical method used oxidative agents, biological
method used enzymes [11-13], radiation method used y-ray from a Co-60 source, electron
beam and ultraviolet ray [7,14-17]. Radiation method for degradation and/or modification
of natural polysaccharides is considered as a useful tool with the advantages of/) process
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carrying out at ambient temperature //) products with highly purity grades and Hi)
reliability for regulating MW of polysaccharides through adjustment of dose [7,16].

This report presents some features and the antifungal effect of irradiated chitosan.

2. Experimental
2.1. Irradiation of chitosan '

Chitosan 8B in powder form with deactylation degree of 80% and viscosity
average molecular weight Mvo =710,000, a product of Katokichi Co. Ltd., Japan was used
without further purification. Solution chitosan 8B of 10% (w/v) was prepared in 5%
(w/v) acetic acid and irradiated on a gamma Co-60 source, at room temperature, and
dose rate of 2kGy/h. The viscosity average MW (Mv) of chitosan samples irradiated in
powder form was measured by Ubbelohde viscometer using 0.1M CH3COOH/ 0.2M NaCl
as solvent system and calculated by equation [r\] = k. Mv

a where k = 1.81.lO"'" cm7g and
a = 0.93 at 25UC [18]. Oligochitosan from irradiated chitosan solutions was determined
by fraction coagulation method using CH3OH/H2O = 9/1 (v/v) as solvent [13],

Chitosan in flake form was prepared from shrimp shell chitin by deacetylation in
NaOH solution of 40%w/w, at 125"C, for 3 hours. The chitosan samples were dissolved
in 2.5% CH3COOH and their viscosity were measured by Brookfield viscometer, at 30°C.
2.2. Biological effect test
2.2.1. Fungicidal effect of irradiated chitosan
a) In vitro

Chitosan in powder form was irradiated by gamma radiation of Co-60 source at 75
kGy then dissolved in 2.5% CH?COOH and adjusted to pH 6.0 with IN NaOH. Chitosan
solution was filtered with Millipore MILLEX-GS (pore size: 0.22um, Millipore MA,
USA) and diluted with concentration range from 50 to 2800j_tg/ml in. the medium
(Czapeck-Dox). Spores or micellial fragments of fungi were dispersed in the medium, then
incubated at 25°C. The fungicidal effect of chitosan and irradiated chitosan was tested by
recording the fungal growth when the fungus in the control dishes had attained maximum
growth.
b) In vivo

The antifungal activity in vivo of irradiated chitosan (the product received so-
called as plant protector) was tested as follows: 9 month old tea plants were divided into 3
beds, 50 plants for each. Bed 1 was the reference control and bed 2 and 3 were artificially
inoculated with Exobasidhtm vexam (foliar pathogen) by spraying 3 times on the leaf
surface and pouring over the soil surface with suspension of spores or micellial fragments
of fungi (106/ml). Two days after infected with fungi, bed 2 was treated with 0.1%
irradiated chitosan, bed 3 was treated with 0.05% acetic acid. The number of the infected
leaves frequency (number of infected leaves per total of leaves) were recorded within 50
days.
2.2.2. Effect of growth-promotion for plant

In the above test of antifungal effect in vivo, the number of leaves and the height of
plant were also recorded.

Irradiated chitosan solution was added into MS medium of tissue culture with
different concentrations: 0, 20, 50 and lOOppm and Chrysanthemum revert plants was
used for study.
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The length of stem, root and the fresh biomass (including all of root, stem and
leaves) of the tissue culture plants were recorded after 20 days incubating at 25°C.

3. Results and discussion
3.1. The features of irradiated chitosan
Results in Fig. 1 clearly indicated that Mv of chitosan decreases with the increase of dose.
The decrease of MWcan be evaluated on the basis of the Gd (sissions/1 OOeV). Gci= 1.03
was derived from the results in Fig. 1.

0 50 100 150

Dose |kGy]

Fig. 1. The relationship between Mv of chitosan and absorbed dose

The obtained Gci value for chitosan was fairly good in agreement with Gc\ value
reported by Ulanski and Rosiak, Gd =1.10 using HPLC technique to determine the number
average MW [15].

Accordingly, radiation technique can be usefully utilized to regulate chitosan Mv to
a certain low level. On the other hand, for preparation of oligochitosan, the iradiation of
chitosan in form of dry powder at high dose may cause the destroy of glucosidic ring and
breaking of -NH2 linkage. Radiation degradation reaction for chitosan in solution may
proceed in mild condition due to the contributions of indirect effect mainly from radiolysis
products of water.

The relationship of oligochitosan fraction and dose in Fig. 2 showed that the
oligochitosan DP>8 fraction with 50% of mass product can be obtained at the dose of
45kGy for chitosan having initial Mv = 60,000. At this given dose a half of irradiated
chitosan was not coagulated by solvent mixture methanol/water ( 9/1 v/v) will have DP<8,
assuming that opening of glucosamine ring of oligochitosan DP dp>8 to form strongly
electrolytic products which are soluble in above mentioned solvent mixture system does
not occur. Further study using fractionation LC and HPLC techniques to determine the
degree of MW distribution of oligochitosan is still in progress.
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Fig. 2. The fraction of oligochitosan with DP>8 with dose

To prepare oligochitosan by the chemical degradation method, the rather low
chitosan concentration solution (1%) was used and after degradation process the oxidative
agent has to be washed off as well as further purification of oligochitosan has to be done.
For those reasons the radiation degradation method could be more advantageous due to
higher concentration of chitosan in solution (>IO%) may be used and the products without
contaminated catalyst agents can be obtained. ;

The relationship between viscosity of chitosan solution with different
concentrations was presented in Fig. 3. The result showed that the viscosity of chitosan
solution decreased sharply with increasing absorbed dose.
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Chitosan cone. [%]
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Fig. 3. Viscosity of chitosan solution vs. concentration and dose
Chitosan (Mv ~ 300,000) prepared from shrimp shell and irradiated in flake form
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3.2. Biological effect of irradiated chitosan
3.2.1. Antifungal effect

The results in Table I indicated that both unirradiated and irradiated chitosan
inhibited the growth of all fungi strains studied, but irradiated chitosan showed higher
fungicidal activity than that of unirradiated one. The change in surface charge of chitosan
by irradiation in dry state was small [17], so it was presumed that when chitosan was
degraded by irradiation, more effective fragments were produced. The results in Table I
also revealed that the concentration of chitosan which suppressed the growth was different
for different strains of fungi, Colleiotrichum sp. was the most resistant.

Table I. Effects of chitosan and irradiated chitosan on the growth of fungi

Minimum concentration
Fungi

Phytophthora cactomm
Fusarium oxysporum
Aspergillus awamori
Exobasidhim vexcms
Septoha chrysajithemum
Gibberella fiijilairoi
Septobasidhim theae
ColJetotrichum sp.

((.ig/ml) at which no growth
Chitosan

300
1150
400
1000
700
400

1450
1500

was detected
Irradiated chitosan

250
800
250
550
350
250

1000
1050

Table II showed the frequency of infected leaves that was similar in bed 1, 2, 3 at
the beginning of the test. After 1 week, the frequency in bed 2, 3 became higher than that
in the control (bed 1) because the tea leaves were infected not only by pathogenic fungi
naturally but also by artificial inoculation. In comparison with bed 1 and 3, the infected
leave frequency of bed 2 was lower after 1 month. It proved that irradiated chitosan can
protect tea leaves against infection by Exobasidhim vexans.

Table II. Effect of irradiated chitosan on infection of Exobasidhim vexans to tea leaves

Infected leave frequency

Recording date

Bed June, 30 July, 8 July, 15 July, 22 July, 30

~~1 0.078 0.132 0.345 0.394 0.421

2 0.078 0.153 0.180 0.140 0.173

3 0.077 0.420 0.431 0.442 0.471

3.2.2. Growth-promotion effect for plants
Table III showed that foliar spraying with chitosan not only protected tea leaves

against Exohasidium vexans but also promoted the growth of tea according to the height
of plants and the number of leaves.
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Table

Bed

III. Effect

Height

(cm)

of irradiated chitosan on the number of leaves

Recording date

June, 30

% No. of

leaves/tree

% Height

(cm)

and the height of tea plant

July, 30

% No. of %

leaves/tree

1 38.1+0.2 100

2 38.0±0.4 99.7

3 38.2±0.1 100.3

11.4+0.1

H.3±0.L

11.0±0.2

100

99.1

96.5

41.

41.

40.

0±0.

8±0.

6+0.

1

2

3

100

102.0

99.0

13

14

12

.1+0.

.2±0.

.8±0.

1

2

1

100

108.4

97.7

The effect of oligochitosan on plant growth-promotion of Chrysanthemum revert
in vitro was presented in Table IV. The result showed that the culture medium contained
oligochitosan from 20 to SOppm made the length of stem, the length of root and the fresh
of biomass increase of 2.9, 68.4 and 60.6%, respectively.

Table IV. Effects of oligochitosan on plant growth-promotion in vitro

Oligochitosan
cone.
(ppm)

0
20
50
100
LSD

Growth-promotion effect
The length of stem

mm
30.7
31.6
31.6
2 9 1 N S

0.8

%
100
102.9
102.9
94.8

The length of root
mm
34.3
48.6
57.8
48.6
6.1

%
100

141.7
168.5
141.7

Fresh biomass
g/22plants

4.57
7.63
7.40
6.43
1.23

%
100

160.6
155.8
135.4

LSD: The least significant difference, NS: None significant difference

4. Conclusions
The radiation degradation yield for chitosan was found to be of G<i - 1.03. The

oligochitosan DP>8 with 50% fraction in the final product can be obtained by irradiating
10% (w/v) chitosan solution in acetic acid at dose of 45kGy for chitosan having initial
Mv=60,000.

Irradiation could improve the fungicidal activity of chitosan. Of 8 strains of fungi
tested, the concentration of irradiated chitosan for suppression the growth of fungi was
smaller than that of unirradiated chitosan. In hi vivo test, the frequency of diseased leaves
was 0.173 for tea bed sprayed with irradiated chitosan compared to 0.421 for the control.

Oligochitosan produced by radiation technique has growth-promotion effect for
plants.
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