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Abstract

Experiment conducted four fruit-spoiling fungal strains that were isolated from spoilt

fruits (mango and dragon fruit) and were identified as follows: Fusarium dimerum

. Penzig, Aspergillus nidulans Wint, Aspergillus fumigatus Fresenius and Aspergillus

japonicus Saito. Chitosan samples with various deacetylation degree (70-99%) were

irradiated at doses ranging from 20 to 200kGy, then were supplemented to liquid

medium for growth of fungi. We have found that chitosan possesses not only well

known antibacterial activity but also the antifungal one on fruit-spoiling fungi. Method

of fungal cultivation using liquid medium showed that it has higher sensitivity

compared with the cultivation on agar plate, so we recommend this method should be

used for evaluation of antimicrobial activity of chitosan. Our study also indicated that

deacetylation degree of chitosan clearly affects its antifungal activity, the higher the

deacetylation of chitosan, stronger antifungal activity can be observed. This finding

recommends the use of chitosan with higher deacetylation for fruit coating and other

pharmacology utilization. Results from the minimal inhibitory concentrations (MIC) on

fungal growth showed that radiation treatment increased antifungal activity of chitosan

and dose of 60kGy gave highest activity.
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1. Introduction

Coating of fresh fruits and their cut products by biopolymer for preservation

have been being a popular processing and strongly developed in number of countries.

Coating membrane can create changeable micro-atmosphere covering fruit and form a

layer, which hinders water loss and exchange of gases. Coating is also useful when they

are used as carrier for prosthetic substances with the aims of pasteurization,

preservation, anti-oxidization or flavoring. To form an edible coating that is eatable or

harmless to consumers, one kind of biopolymer or its mixture with others can be used.

Polysaccharides and proteins are most popular biopolymers for this purpose. Principle

of most of completed studies on application of coating with chitosan based on the

modification of internal atmosphere of fruit and the semi-permeability of chitosan

membranes [2,8J. Antimicrobial activity of chitosan on fruit-spoiling microorganisms

has not been studied intensively.

Enhancement of antimicrobial activity of chitosan plays a certain important role

in practical application of pharmacy and preservation of fresh fruits. With increased

activity, chitosan can be used for fruit preservation instead of series of toxic synthetic

fungicides, which are limited or banned in use. As action of hydrolytic enzymes,

radiation treatment can cause changes in physico-chemical properties of chitosan and

can increase its antibacterial activity [3,7J. However, there is a lack of references related

to the enhancement by irradiation. Therefore, in the study we investigated the

enhancement of antifungal activity of chitosan by irradiation in order to improve the

chitosan coating utilization.

2. Material and method

2.1. Materials

Mature-green grade mango fruits were collected directly from mango tree

growing in suburb of Hanoi City, while dragon fruits were purchased at markets around

of Hanoi. Chitosan samples with various deacetylation degrees (7B-10B) were provided

by KATOKICHI Company (Japan). Domestic chitosan sample with deacetylation about

80% was supplied by Chemical Institute.

2.2. Isolation and Identification of fungi contaminated on spoilt fruits

Three mediums were used for fungal growth study: Czapek-Dox, Peptone-

glucose and Sauboraud-glucose. Mangoes and dragon fruits after buying left to become
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spoilage naturally. Fungi on spoilt fruits were isolated by two methods: shake-washing

polyspores of fungi from samples or directly cultivating pieces of spoiled fruits on agar

plates. To identify fungal strains, we observed general characteristic appearance of

colony by microscope with small objective. After that, we prepared microscopic slides

to observe the reproductive organs such as phialospore, gloespore, and appearance of

polyspores. At last, fungal strains were identified according to Bui Xuan Dong's

classification key [1J.

2.3. Fungal cultivation in liquid medium

Two fungal strains of Fusarium dimerum Penzig and Aspergillus nidulans Wint

were cultivated separately in 100 ml PDB medium (Difco, USA) for preparing primary

seed. In the next shaking experiment, 1 ml of suspension of primary seed was

transferred into Erlenmeyer flasks containing liquid medium. The incubation condition

was conducted with 120 rpm of shaking rate at 28-30°C for several days. This

cultivation method was used to investigate inhibitory activity of chitosan on growth of

fungi, and from that, the minimal inhibitory concentration (MIC) was determined.

Through the latter value, influence of original and irradiated chitosan on fungi, effect of

deacetylation degree, and sensitivity of fungal strains to chitosan was defined. The

inhibition (%) of chitosan was calculated by weighting dried biomass of fungal strains

by formula: {[biomass of control sample (g/1)] - [biomasss of treated sample (g/1)]}/

[biomass of control sample (g/1)].

3. Result and discussion

3.1. Typical fruit-spoiling fungi on mango and dragon fruits

Based on the characteristics of colony's morphology, the form of polyspore

spreading, reproductive organ and according to the classification key of Bui Xuan Dong

[1], we have found three fungal species with eight strains from different mediums as

shown in Table 1. Among these strains, only one strain that belong to Penicillium was

found in spoiled dragon fruits but not in mango. Four strains with highest frequency of

occurrence on both of mango and dragon fruits were identified.

Data from the results showed that amount of fungal strains growing on pepton-

glucose and Sauboraud-glucose mediums were higher than that on Czapek-Dox

medium. Among eight strains that belong to three spices, Aspergillus and Penicillium

sp. always appeared with higher frequency on all of three mediums. The finding agreed
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with many previous results due to the fact that Aspergillus and Penicillium sp. are

always dominated in plant-originated materials. Only one strain of Fusarium sp. was

found {Fusarium dimerum Penzig) but it was typical fruit-spoiling strain on both of

mango and dragon fruits. From many documents, Fusarium was considered as the main

fungi that cause spoilage on fruit during postharvest storage. Four strains with highest

frequency of occurrence on both of mango and dragon fruits were: Fusarium dimerum

Penzig, Aspergillus nidulans Wint, Aspergillus fumigates Freeness and Aspergillus

japonicas Saito.

Table 1: Fungi contaminated on spoiled mango and dragon fruits

No.

1

2

3

Species

Fusarium

Aspergillus

Penicillium

Occurrence frequency of fungus on various mediums

Czapek - Dox

1

3

2

Pepton - glucoza

1

5

2

Sauboraud -
glucoza

1

4

3

3.2. Effect of cfaitosam on the growth of fruit-spoiling fungi

Two fungal strains namely Fusarium dimerum Penzig and Aspergillus nidulans

Wint were used in this experiment. Fungi were inoculated into PDB liquid medium that

has been added with chitosan at different concentration (from 50 to 200ppm) for liquid

culture. Effect of chitosan at different concentration on the growth of Fusarium

dimerum Penzig and Aspergillus nidulans Wint were indicated in Table 2. The results

showed that biomass of two fungal strains obtained after 84 hours of incubation

decreased with increase in concentration of chitosan. The growth of two strains was

inhibited clearly even at very small concentration of chitosan: 150-200ppm for

Fusarium dimerum Penzig and 50 -100 ppm for Aspergillus nidulans Wint. By

comparison on sensitivity of fungal strains to chitosan, it was realized that Fusarium

dimerum Penzig was less sensitive than Aspergillus nidulans Wint. The MIC of chitosan

on Fusarium dimerum Penzig Wint was two times higher than that of Aspergillus

nidulans.

Experimental evidences of chitosan effect on the growth of fungi are very
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limited. Tsay et al. [5] indicated that high concentration (1000 -5000 ppm) in plate

culture could inhibit growth of fungi. In our experiment, chitosan showed the inhibition

on Fusarium dimerum Penzig and Aspergillus nidulans Wint at ten times smaller

concentration. Beside of difference in using fungal strains for experiment, the main

reason of quite different effectiveness on fungal growth was from culture techniques.

First time we used liquid culture to study microbial effect of chitosan instead of the

cultivation on agar plates that have been used regularly in previous investigations [5].

Several mechanisms were proposed for the antimicrobial activity of chitosan. One of

major proposals is relied on the reduction of bacterial metabolism by stacking of

chitosan molecules to bacterial cell wall [4]. Other mechanism proposed that chitosan is

able to block description to RNA from DNA [6]. The way of action of two mechanisms

is not the same depending on the molecular weight of chitosan fractions. Fractions with

average molecular weight acts by the first mechanism. In the second mechanism,

chitosan must be hydrolyzed to the smaller fractions in order to permeate easily in to the

cell. Cultivation in shaking liquid medium maintained a homogenic solution of chitosan

in medium leading to the effect of chitosan on fungi was kept by both above-mentioned

mechanisms. This way gave the higher sensitivity of method when we evaluated the

inhibition of chitosan on the growth of microorganism. Stimulation of chitosan on the

growth of fungi was not observed in our experiment, although it was showed by Tsay et

al [5] when they used 500-2000 ppm of chitosan in agar plates.

3.3. Influence of deacetylation degree of chitosan on its antifungal activity

Fusarium dimerum Penzig was selected to investigate the effect of chitosan with

different deacetylation degree (from 70% to 99%) on the growth of fungi. Different

concentrations of chitosan (from 100 to 350 ppm) were supplemented to PDB medium

for fungal cultivation. Results in Table 3 indicated that the deacetylation of chitosan

obviously affects its antifungal activity. The MIC of chitosan on Fusarium dimerum

Penzig decreased with deacetylation degree increased.

The influence of deacetylation degree of chitosan on the growth of fungi was

observed not only at minimal inhibitory concentration (MIC) as indicated by data from

Table 3, but also at every lower concentrations of chitosan (data were not given here).

This fact demonstrates that chitosan is possessed antifungal property depending on

deacetylation degree. Our finding on deacetylation-depended antifungal activity is in

good agreement with other study on antibacterial activity, in which antibacterial activity
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of chitosan was shown to increase With increase of deacetylation degree [5]. Thus, the

deacetylation of chitosan affects its anti-microbial activity including the antibacterial

and antifungal activity.

Table 2: Influence of chitosan at various concentrations on the growth of

Fusarium dimerum Penzig and Aspergillus nidulans Wint

Chitosan (ppm)

Control (0)

150

160
170
180

190

200

Control (0)

50

60

70
80

90

100

Biomass (g/1)

Fusarium dimerum Penzi|

3,67 ± 0,29

2,72 ± 0,06

2,01 ± 0,001
1,50 ±0,04

1,12 ±0,05

0,96 ± 0,04
0

Aspergillus nidulans Win1

7,91 ± 0,09
6,11 ±0,01

6,04 ± 0,06

4,33 ± 0,04
0,76 ± 0,02
0,76 ± 0,02

0

Inhibition (%)

r

-

25,8

45,2

59,1
69,4

73,8
100

22,7

23,6
45,2
90,3

90.3
100

Table 3: Influence of chitosan with different deacetylation

degree on the growth of Fusarium dimerum Penzig

Deacetylation
degree (%)

70

80

90

100

MIC (ppm)

350

230

180

160
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3.4. Effect of gamma radiation on antifungal activity of ehitosan

Fusarium dimerum Penzig and Aspergillus nidulans Wint fungi were also

utilized in this experiment. Chitosan in dry state were exposed to gamma radiation at

doses: 20, 60, 100, and 200kGy. The fungi were cultivated in PDB medium

supplemented with irradiated chitosan at various concentrations for 84 hours in order to

define MIC. The results from the experiment were shown in Figure 1. The data proved

that antifungal activity of chitosan on two fungal strains increased in all of chitosan

samples irradiated at dose of 20-200kGy. However, the highest enhancement effect on

antifungal activity of chitosan was counted at dose of 60 kGy. At this dose, the MIC

values of chitosan on Fusarium dimerum Penzig and Aspergillus nidulans Wint were

150ppm and 70ppm, respectively.

I
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200
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100

50

0 <—

200

a Asp. nidulans Wint

OF. dimerum Penzig

160
170

150
160
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80

20 60 100
Radiation dose, kGy
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Fig 1: Changes in MIC on Fusarium dimerum Penzig and Aspergillus

nidulans Wint by radiation treatment of chitosan

Masuhashi and Kume [3] observed firstly the enhancement of antibacterial

effect of irradiated chitosan on E.coli. They indicated that chitosan, which have been

irradiated at dose of lOOkGy, could inhibit the growth of E.coli even at low

concentration of 3mg/l. The 500 kGy-irradiated chitosan also possessed antibacterial

activity, but its effectiveness was lower than that of lOOkGy-irradiated chitosan.

Antibacterial activity of chitosan irradiated at dose higher than 500kGy were to be weak

gradually and the activity disappeared at dose of 2000kGy and higher. Our study gained
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the same results and a maximal effect was observed even at dose of 60kGy, and the

antifungal activity still maintained at other doses treated.

For partly explaining the radiation-induced enhancement of antimicrobial

activity of chitosan, it is necessary to repeat the action mechanism of chitosan. The

proposed mechanism is action causing the reduction of metabolism by stacking chitosan

macromolecules to bacterial cell wall, and other mechanism by inhibiting the

description to RNA from DNA [4,6]. Effect of radiation on chitosan has been reported

earlier with the break of glycosidic link to produce different lower molecular-weight

fragments [3,7J. Microbial inhibition caused by radiation-formed chitosan fragments is

stronger than that by original chitosan molecules due to the contribution of both

mechanisms occurred simultaneously in case of irradiated chitosan. Action mechanism

of original chitosan abides mainly by only one mechanism, in which chitosan

macromolecules stack to cell wall. Because radiation-formed fragments are varied in

size including a wide range of molecular weights, so the high molecular-weigh

fragments act by mechanism as that of the original chitosan macromolecules, while

mechanism of lower molecular-weigh fragments base on inhibiting genetic materials of

cell. It should be note that chitosan macromolecules consist of glucosamin and N- acetyl

glucosamin units, both of which are linked by 1 - 4 glycosidic bonds. So the radiation

treatment with very high dose as did by Masuhasi and Kume [3] could break most of

bonds leading to completed degradation with monomer and short-chain oligomers as the

irradiated products. These fragments could not create inhibition effects on the growth of

microorganism, even they might stimulate the growth, as observed in some plate-

culture conditions [5].

3.5. Sensitivity of fruit-spoiling fungi to original and irradiated chitosan

The experiment conducted four fungal strains: Fusarium dimerum Penzig,

Aspergillus nidulans Wint, Aspergillus fumigatus Fresenius and Aspergillus japonicus

Saito. The sensitivity to chitosan of these fungi was measured and compared between

non-irradiated and irradiated chitosan. Results indicated that Aspergillus nidulans Wint

was the most sensitive to chitosan (the lowest MIC value recorded), while Fusarium

dimerum Penzig was the last one. All of strains that belong to Aspergillus species were

more sensitive than Fusarium dimerum Penzig, and within these species, the sensitivity

increased with following order: Aspergillus fumigatus Fresenius, Aspergillus japonicus

Saito and Aspergillus nidulans Wint. Similar to that of non-irradiated chitosan, the
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sensitivity of the fungi to irradiated chitosan also was expressed with order: Fusarium

dimerum Penzig, Aspergillus fumigatus Fresenius, Aspergillus japonicus Saito and

Aspergillus nidulans Wint. According to Tsay et al. [5], sensitivity of negative-gram

bacteria to chitosan is always higher than positive-gram bacteria. Sufficient data on the

sensitivity of fungi to chitosan have not been published.

Table 4: Sensitivity of fungi to chitosan

Fungal strains

Fusarium dimerum Penzig

Aspergillus fumigatus Fresenius

Aspergillus japonicus Saito

Aspergillus nidulans Wint

MIC of chitosan (ppm)

Non-irradiated

200

150

120

100

Irradiated at 60kGy

150

120

80

70

4. CONCLUSION

Three species of fungi, include eight of typical fruit spoiling strains were

isolated from mango and dragon fruits. Among them, four strains: Fusarium dimerum

Penzig, Aspergillus nidulans Wint, Aspergillus fumigatus Fresenius and Aspergillus

japonicus Saito were found with highest frequency of occurrence and were the most

typical on both of mango and dragon fruits. Chitosan possesses not only the well-known

antibacterial activity but also high antifungal activity tested on typical fruit-spoiling

fungi. The fruit- spoiling fungi showed to have different sensitivity with chitosan,

Aspergillus sp., for example, have higher sensitivity compared to Fusarium sp.

Radiation treatment increased antifungal activity of chitosan. Irradiated chitosan

at 60kGy in dry status is enough to induce the highest antifungal activity. Deacetylation

degree of chitosan is directly influences on antifungal activity of chitosan. The higher

deacetylation of chitosan is, the stronger antifungal activity of chitosan is.
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