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ABSTRACT 

 

In the present study, several water soluble O-(succinyl) chitosan derivatives 

were synthesized to study their enhancement of the antimicrobial activity of 

chitosan molecule. The chemical structures of the compounds were 

characterized by 
1
H-NMR spectroscopy and their degree of substitution ranged 

from 0.18 to 0.64. The antimicrobial activity was investigated against bacteria 

of crown gall Agrobacterium tumefaciens and soft mold Erwinia carotovora 

and fungi of early blight Alternaria alternata, grey mold Botrytis cinerea and 

root rot Fusarium oxysporum. O-(succinyl) chitosans showed much more 

enhancement the antibacterial activity than chitosan. A derivative with a DS of 

0.18 was the most active with MIC = 600 and 525 mg.L
-1

 against A. 

tumefaciens and E. carotovora, respectively. The effects of these derivatives 

were also assessed on polygalacturonase and pectin-lyase activities in the tested 

bacteria. O-(succinyl) chitosan with a DS of 0.64 caused a high inhibition of the 

above enzymes activities at 250, 500 and 1000 mg.L
-1

. The study showed that 

O-(succinyl) chitosans were much more potent as antifungal activity than 

chitosan and a compound of 0.64 DS was the highest in its mycelial growth 

inhibition with EC50 of 1380, 1945 and 1505 mg.L
-1

 against A. alternata, B. 

cinerea and F. oxysporum, respectively. The study showed that the spore 

germination of B. cinerea and F. oxysporum was significantly affected with the 

above chitosan derivatives at 50, 125 and 250 mg.L
-1

 and the inhibition activity 

was increased with an increase in the DS.  

 

Keywords: O-(succinyl) chitosan; 
1
H-NMR spectroscopy; antibacterial 

activity; antifungal activity; fungal spore germination; polygalacturonase; 

pectin-lyase. 
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INTRODUCTION 

 

Chitosan is a linear polysaccharide obtained by deacetylation of a naturally 

occurring chitin. It is consisting of β-(1,4)-2-acetamido-2- deoxy-D-glucose and 

β-(1,4)-2-amino-2-deoxy-D-glucose units. Applications of chitosan in 

agriculture and environmental protection include its use as a biocontrol agent 

for plant diseases (Rabea et al., 2003). Chitosan has antimicrobial activity 

against a variety of bacteria and fungi coming from its polycationic nature 

(Helander et al., 2001 and Rabea et al., 2003). However, this activity is limited 

to acidic conditions due to its poor solubility at a pH higher than 6.5 (Liu et al., 

2001). Therefore, a special emphasis has been focused on the preparation of 

chitosan derivatives soluble in water over a wide pH range such as N-

(sulfonated) and N-(sulfobenzoyl) chitosan (Chen et al., 1998), N-(alkylated) 

chitosan (Ma et al., 2008), N-,O-(carboxymethyl) chitosan (Chen and Park, 

2003) N-(carboxymethyl) chitosan (Skorik and Gomes, 2003) and quaternary 

ammonium salt of chitosan (Badawy, 2010). Synthesis of O-(succinyl) chitosan 

by introduction of succinyl groups to the -OH group on the glucosamine units 

show many advantage such as water solubility, low toxicity to mammals and 

biodegradability (Zhang et al., 2003). 

  

In the current research, water-soluble O-(succinyl) chitosans were synthesized 

according to Zhang et al., (2003) with different degrees of substitution (DS). 

The antimicrobial activities of these derivatives were evaluated against bacteria 

of crown gall Agrobacterium tumefaciens and soft mold Erwinia carotovora 

and fungi of early blight Alternaria alternata, grey mold Botrytis cinerea and 

root rot Fusarium oxysporum. Moreover, the activity of these compounds on 

polygalacturonase and pectin-lyase in bacterial suspension of A. tumefaciens 

and E. carotovora was determined. 

 

MATERIALS AND METHODS 

 

Chemistry: Chitosan of low molecular weight (3.60×10
5
 Da, determined by 

viscometric method), phthalic anhydride and succinic anhydride were 

purchased from Sigma-Aldrich Co. (USA). Other reagents and commercially 

available solvents were used without further purification. 
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Preparation of phthalimide chitosan: Phthalimide chitosan was firstly 

synthesized according to Zhang et al., (2003) as shown in Scheme 1. Chitosan 

(6.0 g) was added into a solution of phthalic anhydride (16.8 g) in 100 ml DMF 

and heated to 130°C with stirring. After 8 h of reaction, the solution was 

filtered and the filtrate was poured into ice water. The precipitate was collected, 

simultaneously washed with ethanol and ethyl ether and dried at 60°C overnight 

to give phthalimide chitosan (~5 g). 

 

Preparation of O-(succinyl) chitosan compounds: One gram of phthalimide 

chitosan was dissolved in 20 ml DMF with stirring. Succinic anhydride was 

added, with mol ratios of 0.1, 0.3, 0.5, 0.8 and 1.0 mol/glucoseamine unit 

(Scheme 1), into the flask by drop-wise at room temperature. Pyridine was 

subsequently dropped into the solution mixture and the reaction was maintained 

at room temperature overnight. The mixture precipitated in an excess of 

acetone, filtered and washed with acetone. The product was dissolved in DMF 

then hydrazine monohydrate (20 ml) and water (40 ml) were added. The 

mixture was heated to 100°C with stirring. After 15 h of reaction, the 

suspension was filtered; 50 ml of water was added into the filtrate and then 

dried in vacuum. The residue was dissolved in water, dialyzed against distilled 

water for 4 days and then the product was oven dried at 60°C overnight. 
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Scheme 1. Preparation of O-(succinyl) chitosan 
 

1
H-NMR spectroscopy: 

1
H-NMR measurements were performed on a JEOL A-

500 NMR spectrometer (Faculty of Science, Alexandria University, Egypt). 20 

mg of sample was dissolved in 0.5 ml of 1% CD3COOD/D2O solution and the 

tube was kept at room temperature for one hour to dissolve the compound.  

Spectral data of chitosan: δ 2.09-2.12 (br s, NHAc), 3.21-3.27 (br m, H-2 of 

GlcN residue), 3.57-4.14 (br m, H-3,4,5,6 of GlcN unit and H-2,3,4,5,6 of 

GlcNAc unit), 4.62-4.93 (m, H-1 of GlcN and GlcNAc units) (Figure 1A).  
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(A)

(B)

 
 

Figure 1. 
1
H-NMR spectra of chitosan (A), O-(succinyl) chitosan (compound 5, 

B) in 1% CD3COOD/D2O at 25 °C.  
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Spectral data of compound 1 (ratio of 0.1 mol succinic anhydride to one mol 

phthalimide chitosan): δ 2.0-2.2 (br s, NHAc), 2.7 (br s, (CH2)2), 3.20 (br s, H-

2 of GlcN residue), 3.60-4.10 (br m, H-3,4,5,6 of GlcN unit and H-2,3,4,5,6 of 

GlcNAc unit), 4.60 (br s, H-1
 
of GlcNAc residue), 4.90 (br s, H-1 of GlcN 

residue). 

 

Spectral data for compound 2 (ratio of 0.3 mol succinic anhydride to one mol 

phthalimide chitosan): δ 2.10-2.12 (br s, NHAc), 2.71 (br, s (CH2)2), 3.20 (br s, 

H-2 of GlcN residue), 3.65-4.10 (br m, H-3,4,5,6 of GlcN unit and H-2,3,4,5,6 

of GlcNAc unit), 4.62 (br s, H-1
 
of GlcNAc residue), 4.90 (br s, H-1 of GlcN 

residue). 

  

Spectral data for compound 3 (ratio of 0.5 mol succinic anhydride to one mol 

phthalimide chitosan): δ 2.09-2.11 (br s, NHAc), 2.70 (br,s (CH2)2), 3.20 (br s, 

H-2 of GlcN residue), 3.60-4.09 (br m, H-3,4,5,6 of GlcN unit and H-2,3,4,5,6 

of GlcNAc unit), 4.61 (br s, H-1
 
of GlcNAc residue), 4.90 (br s, H-1 of GlcN 

residue).  

 

Spectral data for compound 4 (ratio of 0.8 mol succinic anhydride to one mol 

phthalimide chitosan):): δ 2.09-2.12 (br s, NHAc), 2.70 (br,s (CH2)2), 3.20 (br 

s, H-2 of GlcN residue), 3.65-4.10 (br m, H-3,4,5,6 of GlcN unit and H-

2,3,4,5,6 of GlcNAc unit), 4.6 (br s, H-1
 
of GlcNAc residue), 4.90 (br s, H-1 of 

GlcN residue).  

 

Spectral data for compound 5 (ratio of one mol succinic anhydride to one mol 

phthalimide chitosan):): δ 2.09-2.12 (br s, NHAc), 2.70-2.75 (br s, (CH2)2), 

3.20 (br s, H-2 of GlcN residue), 3.70-4.10 (br m, H-3,4,5,6 of GlcN unit and 

H-2,3,4,5,6 of GlcNAc unit), 4.61 (br s, H-1
 
of GlcNAc residue), 4.90 (br s, H-

1 of GlcN residue) (Figure 1B).  

 

Bioassays: Bacteria of crown gall Agrobacterium tumefaciens and soft mold 

Erwinia carotovora and fungi of early blight Alternaria alternata, grey mold 

Botrytis cinerea, and root rot Fusarium oxysporum were used for antimicrobial 

assay, and provided by Department of Plant Pathology, Faculty of Agriculture, 

Alexandria University, Egypt. citrus pectin and thiobarbituric acid (TBA) were 

purchased from Sigma-Aldrich Co., Nutrient Agar (NA), Nutrient Broth (NB), 
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Potato Dextrose Broth (PDB) and Potato Dextrose Agar (PDA) media were 

purchased from Oxoid Ltd. (Basingstoke, Hampshire, UK). 

 

Antibacterial assay: The antibacterial activity of chitosan compounds against 

A. tumefaciens and E. carotovora was determined using nutrient agar dilution 

method
 
(EUCAST, 2000). The culture was obtained by growing the bacteria 

overnight at 37°C in NB. A series of concentrations (200-3000 mg.L
-1

) were 

prepared in 0.5 and 0.01% (v/v) aqueous acetic acid for chitosan and O-

(succinyl) chitosans, respectively and mixed with NA medium. The pH was 

adjusted to 5.5-6.0 with 1M NaOH and solutions were then poured into 

autoclaved Petri dishes. One loopful of bacterial suspension was spotted on the 

surface of NA medium (ten spots per plate) then incubated at 37°C for 24h. 

Each concentration was tested in triplicate. The MIC was defined as the lowest 

concentration of the tested sample at which the bacterial colonies were not 

visible with naked eye within 24h. 

 

Polygalacturonase and pectin-lyase activities assay: Strain of bacteria was 

used for enzyme production on liquid medium containing citrus pectin as a sole 

carbon source. Its composition was as follows: 1% citrus pectin, 0.14% 

(NH4)2SO4, 0.20% K2HPO4 and 0.02% MgSO4.7H2O (the pH was adjusted to 

6.5 before autoclaving). 50 ml of the medium containing different 

concentrations of O-(succinyl) chitosans (250, 500 and 1000 mg.L
-1

) was 

shaking and inoculated with 0.5 ml of bacterial suspension of 24 h old culture. 

At the end of incubation period (6 days) at 30°C, the biomass was separated by 

centrifugation at 6000 rpm for 10 min and polygalacturonase (PG) and pectin-

lyase (PL) activities were determined colorimetrically according to Miller, 

(1959). The reaction mixture containing 0.2 ml enzyme and 0.8 ml (1.0%) of 

citrus pectin in 0.2M acetate buffer (pH 4.5) was incubated for 1 h at 30°C. 

After that, 2.5 ml of a previous mixture mixed with 2.5 ml of 1N HCl and 5 ml 

of 0.04M TBA. The tested tube was then placed into a water bath for 30 min, 

cooled and the absorbance was read at 515 nm for PG activity and at 550 nm 

for PL activity (Aboaba, 2009). 

  
Antifungal assay: The mycelia radial growth inhibition technique was used to 

determine the antifungal activity of chitosan derivatives against A. alternata, B. 

cinerea and F. oxysporum as described by El-Ghaouth et al., (1992). Solutions 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T5T-47F7B1K-2&_user=794998&_coverDate=03%2F31%2F2003&_alid=222907805&_rdoc=1&_fmt=full&_orig=search&_cdi=5011&_sort=d&_st=4&_docanchor=&_acct=C000043466&_version=1&_urlVersion=0&_userid=794998&md5=35903918b576792853190b72910f8f2f#bbib8#bbib8
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of compounds were prepared in 0.5% and 0.01% (v/v) aqueous acetic acid for 

chitosan and O-(succinyl) chitosans, respectively. A series of concentrations 

(100-4000 mg.L
-1

)
 
contained in PDA medium were seeded in sterile culture 

plates and infected with 6-mm agar plugs taken from the margin of a 7 days old 

culture. Three replicates were used for each fungus per concentration tested. 

The plates were incubated in the dark at 26±2°C.  

 

Spore germination of B. cinerea and F. oxysporum in liquid medium: B. 

cinerea and F. oxysporum spores were harvested from 2-weeks-old PDA 

culture. Aliquots of 50 μl of a spore suspension (1.0 × 10
6
 conidia.mL

-1
) were 

placed in eppendorf tubes containing 500 μl of PDB medium with a compound 

concentration. Tests were performed at concentrations of 50, 125 and 250 

mg.L
-1

. The tubes were incubated at 26°C during 16 h. The samples were 

placed on  both chambers of a hemocytometer by carefully touching the edges 

of cover slip with the pipette tip and allowed capillary action to fill the counting 

chambers and observed under the microscope at 40x. The numbers of 

germinated and non-germinated conidia were recorded and inhibition of spore 

germination (%) was calculated. All experiments were conducted in three 

replicates (Griffin, 1994). 

 

Statistical analysis: Statistical analysis was performed using SPSS 12.0 

software program (Statistical Package for Social Sciences, USA). The effective 

concentration that cause a 50% reduction of mycelial growth (EC50) and 

corresponding 95% confidence limits were estimated by probit analysis 

(Finney, 1971). The data of spore germination and enzymes activity were 

analyzed by one-way analysis of variance (ANOVA). Mean separations were 

performed by Student-Newman-Keuls (SNK) test according to Snedecor and 

Cochran, (1989) and differences at P ≤ 0.05 were considered as significant. 

 

RESULTS AND DISCUSSION 

 

Characterization of O-(succinyl) chitosans: O-(succinyl) chitosans 

derivatives were obtained with different DS values ranged from 0.18 to 0.64 

(Table 1). Due to succinyl group introduced into chitosan O- terminal of the 

glucosamine units, the water solubility has been greatly enhanced as shown in 

Table 1. Compounds 4 and 5 were highly soluble in water and the solubility 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WH9-4JKYTNV-1&_user=10&_coverDate=10%2F31%2F2006&_alid=562502429&_rdoc=6&_fmt=full&_orig=search&_cdi=6845&_sort=d&_docanchor=&view=c&_ct=96&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=47ad4838f10a6b6d9e173df2ffd8b289#bib18#bib18
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WH9-4JKYTNV-1&_user=10&_coverDate=10%2F31%2F2006&_alid=562502429&_rdoc=6&_fmt=full&_orig=search&_cdi=6845&_sort=d&_docanchor=&view=c&_ct=96&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=47ad4838f10a6b6d9e173df2ffd8b289#bib18#bib18
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was increased with increasing the DS. Compound 1 formed a gel but 

compounds 2 and 3 formed viscous solutions. The O-succinylation was further 

confirmed by 
1
H-NMR with the peaks at 2.70 ppm, which corresponds to the 

methylene protons of the succinyl group.  
1
H-NMR, analysis was employed for 

further estimation of the degree of acetylation (DA), degree of deacetylation 

(DDA), degree of substitution (DS), formula weight (FW) and yield (%) of 

chitosan and its derivatives according to Badawy et al., (2004). FW for 

chitosan, compound 1, 2, 3, 4 and 5 are 167, 209, 292, 308, 329 and 342, 

respectively depending on the DA, DDA and DS. The results indicated that the 

FW was increased with an increase in the mol ratio between succnic anhydride 

and chitosan molecule (Table 1). The results also showed that O-(succinyl) 

chitosan derivatives were isolated with 60-80% yields. 

 

Table 1: Chemical structure and properties of O-(succinyl) chitosans 

O
O
HO O

OH

NH

O
O
HO

NH2

O

AC

n

CO
(CH2)2

HOOC

 

Compound 

SA/1 

mol 

GlcN 

DDA DA
 

DS FW
 Yield 

(%) 

Solubility 

in 

water 

0.5% (v/v) 

aqueous acetic 

acid 

Chitosan - 0.89 0.11 - 167 - - +++ 

1 0.1 0.88 0.12 0.18 209 80 + +++ 

2 0.3 0.87 0.13 0.46 292 61 ++ +++ 

3 0.5 0.87 0.13 0.53 308 63 ++ +++ 

4 0.8 0.86 0.14 0.62 329 61 +++ +++ 

5 1.0 0.89 0.11 0.64 342 60 +++ +++ 
SA = succinic anhydride, GlcN = glucosamine, DDA = degree of deacetylation, DA = degree of 

acetylation, DS = degree of substitution and FW= Formula weight. - Insoluble, + low soluble (form a gel), 

++ moderate soluble (viscous solution), +++ high soluble (clear solution). 

 

Antibacterial activity of chitosan and O-(succinyl) chitosans: The data of the 

in vitro antibacterial activity of chitosan and O-(succinyl) chitosan with 
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different DS values against A. tumefaciens and E. carotovora are presented in 

Table 2. The results indicate that O-(succinyl) chitosans possessing strong 

antibacterial activity than chitosan (MIC of chitosan was higher than 2400 

mg.L
-1

). Compounds markedly inhibited growth of the two bacteria with MIC 

values ranging between 525 and 1250 mg.L
-1

. The inhibitory effects differed 

with regard to the DS and the type of the bacteria. O-(succinyl) chitosan of 0.18 

DS (compound 1) displayed the highest inhibation activity against A. 

tumefaciens and E. carotovora with MIC of 600 and 525 mg.L
-1

, respectively. 

An increase in the DS led to a decrease in the activity where compound 5 (DS = 

0.64) possessed the lowest activity (MIC = 1250 and 1125 mg.L
-1

 to A. 

tumefaciens and E. carotovora, respectively). Considering the susceptibility of 

the microorganisms, it was noticed that E. carotovora was more susceptible to 

these compounds than A. tumefaciens which may be attributed to their different 

cell walls (Xie et al., 2002). This result was also confirmed by our previous 

study (Rabea et al., 2009) which indicated that N-(o-ethylbenzyl) chitosan 

showed a high antibacterial effect against E. carotovora and A. tumefaciens 

(MIC = 500 and 1200 mg.L
-1

, respectively). 

 

Table 2: Antibacterial activity of chitosan and O-(succinyl) chitosans against A. 

tumefaciens and E. carotovora 

 

Compound 
MIC mg.L

-1
 

A. tumefaciens E. carotovora 

Chitosan >2400 >2400 

1 600 525 

2 850 725 

3 1025 775 

4 1100 1025 

5 1250 1125 
MIC: Minimum inhibitory concentration 

 

Chitosan showed a broad-spectrum antimicrobial activity against both gram-

positive and gram-negative bacteria (Chung and Chen, 2007). From the results 

obtained, these derivatives showed higher antibacterial activity than chitosan. 

These results are in agreement with Rabea et al., (2009) and Badawy, (2010). 

They reported that chemical modifications of chitosan molecule dramatically 

enhanced the antibacterial action against E. carotovora and A. tumefaciens.  
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Effect of chitosan and O-(succinyl) chitosans on polygalacturonase and 

pectin-lyase activities: Polygalacturonase (PG) and pectin-lyase (PL) activities 

were detected in bacterial suspension of A. tumefaciens and E. carotovora 

(Table 3). The result revealed that the activity of PG and PL was decreased with 

increasing in the concentration. In A. tumefaciens, compound 5 at all 

concentrations significantly inhibited both of PG and PL enzyme activities. 

While there is no significant difference between the others compounds.  

 

Table 3: Effect of chitosan and O-(succinyl) chitosans on the activity of 

polygalacturonase and pectin-lyase in A. tumefaciens and E. carotovora 

 

Compound 
Conc. 

(mg.L
-1

) 

Relative activity (%) ± SE 

A. tumefaciens E. carotovora 

PG   PL PG PL 

Control 0 100.00
a 
±0.25 100.00

a
±0.27 100.00

a
± 0.50 100.00

a
 ±1.08 

Chitosan 250 90.29
c
 ± 0.63 92.06

b
±0.54 99.57

a
± 0.25 100.00

a
 ±1.35 

500 82.90
fg 

± 1.01 89.10
bcde

±1.02 90.87
b
± 1.00 94.86

bc
 ±0.81 

1000 80.29
g
 ± 0.38 86.14

def
±0.56 86.52

c
± 0.50 90.19

def
 ±0.47 

1 250 97.83
a
 ± 1.26 91.59

bc
±0.27 91.30

b
± 1.26 95.79

b
 ±1.35 

500 95.07
b
 ±1 .24 90.03

bcd
±1.49 85.22

cd
± 0.75 91.43

de
 ±0.31 

1000 83.04
fg

 ± 0.66 86.45
cdef

±0.81 84.35
cde

± 1.00 89.72
def

 ±0.54 

2 250 93.48
b
 ± 0.50 89.88

bcd
±0.95 89.86

b
± 1.05 92.37

cd
 ±0.87 

500 86.38
de 

± 0.38 87.54
bcdef

±2.29 83.04
cde

± 0.50 88.79
defg

±0.54 

1000 81.30
g
 ± 0.50 79.91

gh
±0.54 82.75

de
± 0.88 87.85

efg
 ±0.81 

3 250 93.48
b
 ± 1.26 89.41

bcde
±2.04 89.57

b
± 1.33 91.90

cd
 ±1.09 

500 86.52
de 

± 0.25 87.07
bcdef

±1.53 83.33
cde

± 0.81 88.63
defg

±0.41 

1000 80.87
g
 ± 0.50 79.44

gh
±0.54 82.75

de
± 0.72 86.60

fg
 ±1.36 

4 250 90.00
c
 ± 0.75 87.85

bcde
±0.81 83.04

cde
± 0.25 86.45

fg
 ±0.81 

500 86.96
de 

± 0.25 84.27
ef

±2.45 76.52
f
± 1.51 80.37

h
 ±0.71 

1000 80.72
g
 ± 0.63 76.17

hi
±0.27 72.46

g
± 0.38 72.27

i
 ±0.68 

5 250 89.13
cd

± 0.75 82.71
fg

±0.27 80.87
e
± 0.50 85.05

g
 ±1.18 

500 84.78
ef

 ± 1.26 79.75
gh 

±0.16 76.96
f
± 0.50 79.91

h
 ± 0.27 

1000 70.43
h
 ± 0.50 73.99

i
±0.16 69.86

h
± 0.38 71.96

i
 ± 0.97 

Data are average of three replicates ± SE. Values within a column bearing the same letter are 

not significantly different (P ≤ 0.05) according to Student-Newman-Keuls (SNK) test. 

 

The PG and PL activities of E. carotovora showed that the enzymes activity 

decreased with an increase in the DS and the inhibition of the activity was a 

concentration dependant.  Compounds 4 and 5 possessed significant inhibition 
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of PG and PL at all concentrations. Compounds 1, 2 and 3 slightly reduced the 

activity. 

  

Studies of bacterial enzyme activities provide fundamental information 

relevant to microbial physiology and to a more complete understanding of cell 

metabolism. PG and PL enzymes are necessary for the hydrolysis of pectin 

(Gadre et al., 2003). These enzymes have been isolated and studied in a wide 

variety of bacterial and fungal plant pathogens and has been reported for 

diverse types of diseases such as soft rot, dry rot, wilts, blights and leaf spots 

(Buzi et al., 2003). Wegener, (2002) reported that pectate-lyase enzymes were 

major virulence factors of E. carotovora and they degrade plant cell wall pectin 

into unsaturated oligogalacturonates known to elicit plant defence responses. 

  
Antifungal activity of chitosan and O-(succinyl) chitosans: The antifungal 

activity of chitosan derivatives against A. alternata, B. cinerea and F. 

oxysporum is presented in Table 4. All O-(succinyl) chitosan compounds were 

more active than chitosan. It can be notice that the antifungal activity was 

increased dramatically with an increase in DS value. Compound 5 (DS = 0.64) 

exerted significantly prominent antifungal activity against A. alternata, B. 

cinerea and F. oxysporum with EC50 of 1380, 1945 and 1505 mg.L
-1

, 

respectively. However, compound 1 (DS = 0.18) was the lowest active one with 

EC50 of 2033, 2968 and 2473 mg.L
-1 

against A. alternata, B. cinerea and F. 

oxysporum, respectively. In regard to the susceptibility of the three tested fungi, 

it can be noticed that A. alternata and F. oxysporum are more susceptible than 

B. cinerea to O-(succinyl) chitosans. 

 

Numerous studies on the antifungal activity of chitosan and its derivatives 

against plant pathogens have been investigated (Reddy et al., 2000; Badawy et 

al., 2004; Rabea et al., 2006, 2009 and Badawy and Rabea, 2009). Recently, 

many chitosan derivatives that is soluble in water indicated high antifungal 

activity (Guo et al., 2007 and Badawy, 2010). They found that all quaternized 

chitosan derivatives (water-soluble chitosans) gave stronger antifungal 

activities against B. cinerea, F. oxysporum, Pythium debaryanum and 

Colletotrichum lagenarium than the unmodified chitosan.  
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Effect of chitosan and O-(succinyl) chitosans on fungal spore germination: 

The effect of chitosan and O-(succinyl) chitosans on spore germination of B. 

cinerea and F. oxysporum are shown in Table 5. The results showed that a 

complete inhibition (100%) of fungal spores of B. cinerea was found with a 

high tested concentration (250 mg.L
-1

) of all compounds except unmodified 

chitosan. An increase in the DS values led to an increase in the inhibition of 

spore germination. It can also see that compound 5 was significantly the most 

potent one (58.05, 67.48
 
and 100% inhibition at 50, 125 and 250 mg.L

-1
, 

respectively). However, the lowest inhibition values were observed with 

chitosan (27.75,
 
42.75

 
and 60.83

 
% at 50, 125 and 250 mg.L

-1
, respectively).  

 

Table 4: Antifungal activity of chitosan and O-(succinyl) chitosans against 

fungi of A. alternata, B. cinerea and F. oxysporum. 

 

Compound 
EC50 

(mg.L
-1

) 

95% confidence limits 

(mg.L
-1

) Slope ± 

SE 

Intercept of 

regression line ± 

S.E 

Chi 

square 

(χ
2
) Lower Upper 

A. alternata 

Chitosan > 3000 - - - - - 

1 2033 1604 3085 1.81±0.33 -5.81±0.33 0.59 

2 1562 1345 1906 2.55±0.35 -8.14±1.06 0.03 

3 1484 1289 1775 2.66±0.35 -8.46±1.06 0.05 

4 1464 1268 1758 2.60±0.34 -8.21±1.04 1.12 

5 1380 1194 1652 2.50±0.33 -7.84±1.02 0.01 

B. cinerea 

Chitosan > 3000 - - - - - 

1 2968 2449 3844 1.85±0.22 -6.42±0.73 1.30 

2 2123 1820 2541 2.06±0.22 -6.87±0.71 0.71 

3 2068 1797 2426 2.29±0.23 -7.59±0.74 1.44 

4 2044 1786 2371 2.41±0.23 -7.98±0.75 1.96 

5 1945 1688 2278 2.24±0.22 -7.35±0.72 0.90 

F. oxysporum 

Chitosan > 3000 - - - - - 

1  2473 2155 2909 2.49±0.24 -8.46±0.8 1.44 

2  1812 1518 2217 1.70±0.20 -5.54±0.65 1.89 

3  1618 1383 1911 1.95±0.21 -6.26±0.67 0.83 

4  1587 1308 1950 1.55±0.20 -4.97±0.64 0.64 

5  1505 1278 1781 1.87±0.21 -5.96±0.66 0.93 
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From the statistical analysis, it can be noticed that there is no significant 

difference between compounds 1, 2 and 3. The spores of F. oxysporum (Table 

5) were affected significantly with all compounds compared to the control and 

chitosan. The results revealed that compound 5 (high DS) was significantly the 

most potent (94.48% at 250 mg.L
-1

) followed by compound 4 at the same 

concentration. In regard to the susceptibility of fungi, it can also notice that 

spores of F. oxysporum were high sensitive to these compounds compared to B. 

cinerea. These results are in agreement with those of Rabea et al., (2009) and 

Badawy, (2010). They reported that chitosan derivatives including quaternary 

and N-(benzyl) chitosans had a better inhibition of spore germination of B. 

cinerea and F. oxysporum compared to the unmodified chitosan.  

 

Table 5. Effect of chitosan and O-(succinyl) chitosans on spore germination of 

B. cinerea and F. oxysporum 

 

Compound 
Concentration 

mg.L
-1

 

Inhibition of spore germination (%) ± SE 

B. cinerea F. oxysporum 

Control 0 26.50
h
±1.51 31.00

 j
±1.66 

Chitosan 50 27.75
h
±1.65 25.92

 k
±0.34 

125 42.75
g
±0.48 33.06

 j
±0.94 

250 60.83
c
±0.93 45.94

h
±2.16 

1 50 28.75
h
±0.87 38.85

i
±0.75 

125 43.50
fg
±0.87 60.59

f
±1.11 

250 100.00
a
±0.00 83.73

c
±0.73 

2 50 29.68
h
±0.62 38.93

i
±0.78 

125 46.63
ef
±1.25 64.13

e
±1.85 

250 100.00
a
±0.00 85.00

c
±0.41 

3 50 30.00
h
±1.47 45.60

h
±0.95 

125 47.85
e
±1.15 65.65

e
±1.73 

250 100.00
a
±0.00 86.15

bc
±0.62 

4 50 43.43
fg
±1.26 48.25

h
±1.03 

125 53.35
d
±0.90 72.26

d
±0.94 

250 100.00
a
±0.00 89.35

b
±0.79 

5 50 58.05
c
±1.79 52.25

g
±1.44 

125 67.48
b
±1.21 73.63

d
±0.51 

250 100.00
a
±0.00 94.48

a
±0.38 

Data are average of three replicates ± SE. Values within a column bearing the same letter 

are not significantly different (P ≤ 0.05) according to Student-Newman-Keuls (SNK) test. 
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CONCLUSION 
 

O-(succinyl) chitosans were synthesized to improve the antibacterial and 

antifungal activity of chitosan. The antimicrobial activities against bacteria of 

A. tumefaciens and E. carotovora and fungi of A. alternata, B. cinerea and F. 

oxysporum were investigated. The compounds markedly inhibited the growth of 

bacteria than chitosan and O-(succinyl) chitosan of 0.18 DS was the most 

effective one with MIC of 600 and 525 mg.L
-1

 against A. tumefaciens and E. 

carotovora, respectively. Furthermore, the inhibitory effect of the compounds 

on PG and PL enzymes was increased with a DS increase. The biological 

activity of O-(succinyl) chitosans against fungi was also increased with 

increasing of DS where O-(succinyl) chitosan of 0.64 DS was the most potent 

(EC50 = 1380, 1945 and 1505 mg.L
-1

) against A. alternata, B. cinerea and F. 

oxysporum, respectively. In addition, the effect of the compounds on spore 

germination showed a wide range of inhibitions against B. cinerea and F. 

oxysporum. The present study suggests that water-soluble O-(succinyl) 

chitosans can be used to control some plant pathogens that cause destruction of 

crops and vegetables. 
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النشاط الإبادي  قييمتالقابلة للذوبان فً الماء و سكسينيل كيتىسان تحضيز  مشتقات

 الميكزوبً لها ضد بعض الممزضات النباتية
 

بزاهيم ربيع إ إنتصار. د
مصش  -حجبمعخ الاسكىذسٌ(-دمىهىس)كهيخ انضساعخ -فبد وحمبيخ انجيئخلآقسم مكبفحخ ا

 

رعزجش انجكزيشيب وانفطشيبد انممشظخ نهىجبد مه انكبئىبد انزً رؤثش ثطشيقخ سهجيخ عهً عذد كجيش مه 

انذساسخ عهً رحعيش مشزقبد مه مشكت هزح نزا رزشكض . انخعشواد وانفبكهه انزً نهب أهميخ إقزصبديخ

مجمىعخ انسكسيىيم ثذسجبد عه غشيق إدخبل قبثهيخ نهزوثبن فً انمبء انكيزىصان انطجيعً وانزً نهب 

مه انزشكيت رم انزأكذ . انكفبءح انجيىنىجيخ نهكيزىصان ظذ ثعط انممشظبدإسزجذال مخزهفخ ثهذف صيبدح 

انشويه انىىوي انكيميبئً نهزح انمشكجبد وحسبة دسجخ الإسزجذال عهً جضيئ انكيزىصان ثىاسطخ جهبص 

ثعذ رنك رم انزقييم انجيىنىجً  . 0.64إنً 0.18وكبوذ دسجبد الإسزجذال رزشاوح مه NMR انمغىبغسً

وانجكزيشيب انمسججخ  Agrobacterium tumefaciensظذ انجكزيشيب انمسججخ نمشض انزذسن انزبجً 

 Alternariaو ظذ كلا مه فطش  Erwinia carotovoraنهعفه انطشي نثمبس انخعشواد وانفبكهه 

alternata  انمسجت نهىذوح انمجكشح وفطشBotrytis cinerea  انمسجت نهعفه انشمبدي وفطش

Fusarium oxysporum  انمسجت نعفه انجزوس وسقىغ انجبدساد وأوظحذ انىزبئج أن انمشكت انزي

 .Eو A. tumefaciensهى الأعهً رأثيش إثبدي ظذ ثكزيشيب   0.18دسجخ إسزجذال رسبوي نه 

carotovora  مه انجكزيشيب% 100حيث كبوذ قيمخ انزشكيض انمسجت نمىد(MIC ) ً525و  600ه 

ثبلإظبفخ إنً رنك فقذ رم دساسخ رأثيش رهك انمشكجبد عهً . نزش عهً انزىانً/مهجم

  O-(succinyl) chitosanوأوظحذ انىزبئج أن  pectin-lyaseو   polygalacturonaseإوضيمبد

أوظحذ . عهً وشبغ هزح الإوضيمبدرثجيطً أعطً أعهً رأثيش  0.64دسجخ إسزجذال رسبوي انزي نه 

هى انزي أعطً أعهً رأثيش إثبدي فطشي   0.64دسجخ إسزجذال رسبوي انىزبئج أيعب أن انمشكت انزي نه 

 1505و 1945،  1380هً ( EC50)مه انىمى انفطشي % 50حيث كبوذ قيم انزشكيض انمسجت نزثجيػ 

أيعب رم إخزجبس . عهً انزىانً F. oxysporumو  A. alternata،B. cinerea نزش نكم مه /مهجم

وكبوذ معظم  F. oxysporumو  B. cinereaكفبءح انمشكجبد انمحعشح ظذ إوجبد انجشاثيم نفطشيبد 

انمشكجبد انمحعشح نهب رأثيش معىىي فً رثجيػ ومى رهك انجشاثيم عهً كم انزشكيضاد وكبن هزا انزأثيش 

. لإسزجذالدسجخ ايضيذ ثضيبدح 


