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Novel derivatives of chitosan and their antifungal activities in vitro
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Abstract—Three kinds of Schiff bases of carboxymethyl chitosan (CMCTS) were prepared, and their antifungal activities were
assessed according to Jasso de Rodriguez’s method. The results indicated that 2-(2-hydroxybenzylideneamino)-6-carboxymethyl-
chitosan (HNCMCTS) and 2-(5-chloro-2-hydroxybenzylideneamino)-6-carboxymethylchitosan (HCCMCTS) had better inhibitory

effects than those of chitosan or CMCTS against Fusarium oxysporium f. sp. vasinfectum, Alternaria solani, and Valsa mali.
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1. Introduction

As one of the most abundant naturally occurring
compounds, chitosan has attracted people’s attention
on account of its unique physiochemical characteristics
and its bioactivities."* However, because of its poor
solubility in water, the use of chitosan is limited in many
fields. In order to improve its aqueous solubility, many
derivatives of chitosan have been synthesized, and carb-
oxymethyl chitosan (CMCTS) is the most important
one. Generally, CMCTS is synthesized by the reaction
of chitosan and chloroacetic acid in 2-propanol in the
presence of KOH. CMCTS can easily dissolve in water,
which enlarges the scope of the use of chitosan.>® How-
ever, there seems to be little further study on the modi-
fication of CMCTS. In the CMCTS molecule, the NH,
groups have a degree of substitution (DS) of 0.1-0.2,” so
there are also enough NH, groups to take part in other

Abbreviation:. HNCMCTS, 2-(2-hydroxy-5-nitrobenzylideneamino)-6-

carboxymethylchitosan; HCCMCTS, 2-(5-chloro-2-hydroxybenzylide-

neamino)-6-carboxymethylchitosan;, HCMCTS, 2-(2-hydroxybenzyl-
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reactions for CMCTS that is obtained from highly
deacetylated chitosan.

Antifungal activity is one of the most important bioac-
tivities of chitosan, and earlier studies have reported that
chitosan can reduce the growth of phytopathogenic fungi,
which are harmful to field crops, fruit, and vegetables.®'*
In studies on the antifungal activity of chitosan, research-
ers have focused most of their attention on the molecular
weight and the degree of deacetylation of chitosan, which
affect its activities. But, little work has been reported on
the antifungal activities of the derivatives of chitosan.

In this paper, three kinds of Schiff bases of CMCTS
are reported, as well as their antifungal activities against
Valsa mali (V. mali), Alternaria solani (A. solani), and
Fusarium oxysporium f. sp. vasinfectum (F. oxysporium
f. sp. vasinfectum) from a study that employed the
method of Jasso de Rodriguez and co-workers.'?

2. Materials and methods
2.1. Materials

Chitosan was purchased from Qingdao Baicheng Bio-
chemical Corp. (China). Its degree of deacetylation
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was 97%, and the viscosity average-molecular weight
was 2.0 x 10°. Salicylaldehyde was purchased from Flu-
ka Chemical Co. The IR spectrum was measured by a
Nicolet Magne-Avatar 360 instrument using KBr disks.
The elemental analyses (C, H, N) were performed on a
Carlo—Erba 1106 elemental analyzer. The other reagents
were of analytical grade and used without further puri-
fication. Three crop-threatening pathogenic fungi V.
mali, A. solani, and F. oxysporium f. sp. vasinfectum were
provided by Professor Xiangli Dong (Laiyang Agricul-
tural College).

2.2. The synthesis of the Schiff bases of CMCTS

CMCTS was prepared according to a previously re-
ported method,” and the syntheses of S5-chloro-2-
hydroxybenzaldehyde and 2-hydroxy-5-nitrobenzalde-
hyde were, respectively, carried out according to the
procedures of Liu and Zhao,'® and Zhang.!” The Schiff
bases of CMCTS were synthesized as shown in Scheme
1. CMCTS (3 g) was dissolved in HO (100 mL) and
various aldehydes were added with stirring at 25 °C.
After 1 h, the solution was precipitated in acetone and
the precipitate was filtered. The unreacted aldehydes
and other inorganic products were extracted in a Soxhlet
apparatus with EtOH and ether for 2 days. The Schiff
bases were obtained by lyophilization of their aqueous
solutions.

2.3. Antifungal assays

Antifungal assays were performed based on the method
of Jasso de Rodriguez and co-workers.'> Different con-
centrations of chitosan, CMCTS, HNCMCTS,
HCCMCTS, and HCMCTS (5, 50, and 500 ppm) were,
respectively, added to sterilized potato dextrose agar
(PDA). The test plates were incubated at 27 °C after
transferring the mycelium of fungi. When the mycelium
of fungi reached the edges of the control plate (without
added the samples), the antifungal index was calculated
as follows:

Antifungal index(%) = (1 — D,/Dy) x 100,

where D, is the diameter of the growth zone in the test
plates and Dy, is the diameter of growth zone in the

CH,OCH,COH CHO
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control plate. Each experiment was performed three
times, and the data were averaged. The Scheffe method
was used to evaluate the differences in antifungal index
in antifungal tests. Results with P <0.05 were consid-
ered statistically significant.'®

3. Results and discussion

3.1. Structure and physicochemical characteristics of the
derivatives of chitosan

The results of the elemental analyses and the color of the
Schiff bases are listed in Table 1, and the IR spectra of
chitosan, CMCTS, and the Schiff bases are shown in
Figure 1. As shown in Figure 1, the IR spectra of chito-
san shows peaks assigned to the saccharide structure at
897.85 and 1154.98 cm ' and characteristic amino peak
at 1600.03 cm~'. CMCTS is confirmed by the absorp-
tion bands at 1600.57 [veym(CO,)] and 1416.06 cm !
[Vas(CO5)1." The elemental analyses results indicate that
the N,O-substitution degree of CMCTS is about 0.96,
and the degree of N-substitution is about 0.17 as mea-
sured by the method of Chen and co-workers.” Com-
pared to the IR spectra of chitosan and CMCTS, the
Schiff bases have strong peaks at 1630-1660 cm™',
which are assigned to the characteristic absorbance of
the imino groups [C=N].** Moreover, there are strong
peaks at about 1570, 1500, 1450, and 750 cm~! corre-
sponding to the phenyl groups.?! These results indicate
that the Schiff bases of CMCTS are obtained, and the
substitution degree of HNCMCTS, HCCMCTS, and
HCMCTS is calculated as 0.51, 0.59, and 0.60, respec-
tively, per glucosamine unit from the results of the ele-
mental analyses.

Table 1. The elemental analysis results and the color of chitosan,
CMCTS, and the Schiff bases of CMCTS

Compounds Elemental analyses (%) Color
C N H
Chitosan 44.72 8.70 6.83 White
CMCTS 43.86 6.46 5.96 White
HNCMCTS 47.11 7.22 4.94 Yellow
HCCMCTS 48.49 4.80 4.99 Yellow
HCMCTS 52.22 5.00 5.48 Yellow
CH,OCH,CO.H
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HNCMCTS: R = NO,; HCCMCTS: R = Cl; HCMCTS: R=H

Scheme 1. Synthetic pathway for the Schiff bases of CMCTS.
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3.2. Antifungal activity

3.2.1. Antifungal activities of chitosan, CMCTS, and the
Schiff bases of CMCTS against F. oxysporium f. sp.
vasinfectum. F. oxysporum f. sp. vasinfectum can cause
Cotton Fusarium Wilt, which is highly destructive and
economically limiting to the production of quality cot-
ton. It has been proven that chitosan has an inhibitory
effect against F. oxysporium f. sp. vasinfectum,”> which
is also confirmed in our tests (inhibitory index = 14.3%
at 500 ppm) as shown in Figure 2. CMCTS has also a
less potent antifungal activity against F. oxysporium f.
sp. vasinfectum with an inhibitory index of 9.1% at
500 ppm. HNCMCTS and HCCMCTS have better anti-
fungal activities than that of chitosan and CMCMTS,
and the inhibitory index is 31.2% and 43.0%, respec-
tively, at 500 ppm. However, the antifungal activity of
HCMCTS is not as potent as that of HNCMCTS and
HCCMCTS. Above-mentioned results indicate that the
increased antifungal activities of HNCMCTS and
HCCMCTS against F. oxysporium f. sp. vasinfectum
may be due to 2-hydroxy-5-nitrobenzylideneamino and
5-chloro-2-hydroxybenzylideneamino groups grafted
onto the chitosan chain. This is further supported by
the antifungal activities of HNCMCTS and HCCMCTS
at 50 ppm.

3.2.2. Antifungal activities of chitosan, CMICTS, and the
Schiff bases of CMCTS against A. solani. A. solani
causes early blight of potato, tomato, capsicum, and
brinjal, and the outputs of these vegetables are greatly
affected by these diseases. As shown in Figure 3, chito-
san, CMCTS, and all the Schiff bases have antifungal
activities against A. solani, and the antifungal activities
increase with increasing concentration. For HNCMCTS
and HCCMCTS, at a concentration of 50 ppm, the anti-
fungal index was 2.9% and 5.6%, respectively. It should
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Figure 1. IR spectral data for chitosan, CMCTS, and the Schiff bases
of CMCTS.
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Figure 2. The antifungal activities of chitosan, CMCTS, and the Schiff
bases of CMCTS against Fusarium oxysporium f. sp. vasinfectum.

be for the same reason that the increased antifungal
activities are due to 2-hydroxy-5-nitrobenzylideneamino
and 5-chloro-2-hydroxybenzylideneamino groups. As
antifungal groups, the nitro and chloro groups are used
in many fungicides such as pentachloronitrobenzene
(PCNB) and chlorothalonil.>® But these fungicides have
pronounced toxicities and their residues in the environ-
ment have been developing as serious problems. When
these groups are grafted onto chitosan, they should be
released slowly and may meet the requirements of envi-
ronmental safety.

3.2.3. Antifungal activities of chitosan, CMCTS, and the
Schiff bases of CMCTS against V. mali. As shown in
Figure 4, chitosan and its derivatives have antifungal
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Figure 3. The antifungal activities of chitosan, CMCTS, and the Schiff
bases of CMCTS against Alternaria solani.
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Figure 4. The antifungal activities of chitosan, CMCTS, and the Schiff
bases of CMCTS against Valsa mali.

activities at 500 ppm against V. mali, but there are no
inhibitory effects at 5ppm. At concentrations of
50 ppm, the inhibitory indices for HNCMCTS and
HCCMCTS are 2.9% and 5.6%, respectively, in contrast
to chitosan, CMCTS, and HCMCTS, all of which have
no antifungal activities at 50 ppm. The increased anti-
fungal activities of HNCMCTS and HCCMCTS may
be also due to 2-hydroxy-5-nitrobenzylideneamino and
5-chloro-2-hydroxylbenzylideneamino groups.

4. Conclusions

Antifungal activity is one of the most important bioac-
tivities of chitosan and it will be improved in some of
the derivatives, which is determined by the groups
grafted to chitosan. CMCTS dissolves in water easily
and water solubility remains after appropriate modifica-
tion. Some of the derivatives of CMCTS have good bio-
activities, and from our experiments, two kinds of Schiff
bases of CMCTS have better antifungal activities than
those of chitosan and CMCTS against V. mali, A. solani
and F. oxysporium f. sp. vasinfectum. Further studies on
these compounds are warranted.
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