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Chitosan is a deacetylated derivative of chitin, consisting mainly of glucosamine units, commercially 
obtained from crustacean waste. This natural compound is biodegradable and nontoxic and has diverse 
applications in agriculture, among which highlights the control of fungal diseases in crops of 
agricultural interest. This review focuses on some basic studies about the mode of action and the effect 
of chitosan on different phytopathogens fungi. In general, it is known that molecules of this polymer 
can act on extracellular (plasma membrane) and intracellular level (penetration of chitosan into the 
fungal cell). The study of the effect of chitosan on different phytopathogens fungi evidence that the 
response is variable; in some investigations, it was found that the spores are more sensitive than 
hyphae to the application of chitosan.  Even though the progress in understanding the mode of action 
of this polymer and the various effects that can cause damage are known, it is necessary to carry out 
more studies about the biological activity of these molecules to propose better control strategies of the 
phytopathogens fungi. 
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INTRODUCTION 
 
Chitin is present in the exoskeleton of crustaceans and 
insects and the cell walls of some fungi and is considered 
the second most abundant polymer in nature (Rinaudo, 
2006). Chitosan is a deacetylated derivative of chitin 
mainly composed of glucosamine units, 2- amino-2 
deoxy-β-D-glucose (Freepons, 1991). The commercial 
chitosan is obtained in different countries from waste 
crustaceans fisheries and food industry through food 
processing process, the major sources of production 
include shrimp, crab and lobster (Du et al., 2009; Al 
Sagheer et al., 2009; Falcón et al., 2008). This natural 
compound is biodegradable and nontoxic, and has a 
positive charge  that  confers  to  this  polymer  numerous 
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physiological and biological properties with great potential 
in diverse industries (Rinaudo, 2006; Aranaz et al., 2009), 
among them in the food industry and in the agriculture 
(Chien et al., 2007a; No et al., 2007). Recently, it was 
demonstrated that the application of the chitosan 
treatment (0.02 gmL

−1
) could be used to reduce 

deteriorative processes, maintain quality and increase the 
shelf life of fresh-cut papaya stored at 5°C (González-
Aguilar et al., 2009). Other studies suggest that it is 
feasible to elaborate antifungal chitosan films, with good 
thermal stability and acceptable mechanical properties for 
food packaging (Martínez-Camacho et al., 2010). 
Additionally, the biological activities of chitosan depend 
on its physicochemical properties (Kim and Rajapakse, 
2005). 

In Agriculture, it has several applications, which 
highlights  the  control  of  fungal  diseases   in   crops   of 
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agricultural interest. However, its antimicrobial activity 
and mode of action must be studied in greater depth, 
particularly if one takes into account the large potential 
for production and application of chitosan in Agriculture in 
Latin America (Lárez-Velásquez, 2008). In recent years, 
chitosan coatings have been used for preservation and to 
extent the shelf life on fruits (Chien et al., 2007b; Fisk et 
al., 2008; Ponce et al., 2008; Sangsuwan et al., 2008). 
Additionally, it is reported that chitosan applications on 
fruits helps to maintain quality, induces resistance to 
decay and stimulates defense reactions in plants (Meng 
et al., 2008; Trotel-Aziz et al., 2006; Zhu et al., 2008). 

The factors that influence the mode of action of 
chitosan have been classified into four types like intrinsic, 
environmental, microorganism and physical state (Kong 
et al., 2010). There are several scientific papers focused 
on chitosan antimicrobial effect. In this review, we men-
tioned some of them and analyzed the results obtained in 
previous investigations that could contribute to propose 
better strategies of control of phytopathogen fungi taking 
account a sustainable technology development.     
 
 
MODE OF ACTION OF CHITOSAN 
 
In general, it is known that the mode of chitosan action on 
phytopathogens fungi could development in an extra level 
(plasma membrane) and intracellular level (penetration of 
chitosan on fungal cell) (Guo et al., 2008; Palma-
Guerrero et al., 2008). 
 
 
Action of chitosan on the plasma membrane 
 
Several studies suggest that chitosan neutralizes the 
electronegative charges on cell surfaces and the cell 
permeability is changed; therefore, this interaction causes 
the leakage of intracellular electrolytes and proteinaceous 
material of the cell (Guo et al., 2008). In previous reports 
was demonstrated that chitosan provoked the leakage of 
amino acids and proteins of the Rhizopus stolonifer cell 
(El Ghaouth et al., 1992a). Similar results was obtained 
on three isolates on R. stolonifer grew in minimum 
medium, in that study there were an increased release of 
compounds at 260 and 280 nm with chitosan of different 
molecular weight (Guerra-Sánchez et al., 2009). In other 
studies, potassium ion leakage was demonstrated by 
effect of chitosan on fungal cell, being more pronounced 
for the first 5 min (Singh et al., 2008; García-Rincón et 
al., 2010).  

In general, it is known that chitosan treatment causes 
changes in the membrane integrity of spores, 
modifications in pH media and the proteins release. This 
effect was different depending on the isolate, kind of 
chitosan and used concentration (Hernández-Lauzardo et 
al., 2010a). On the other hand, the membrane integrity  of  

 
 
 
 
P. expansum and B. cinerea spores was affected by 
chitosan. P. expansum was more sensible than B. 
cinerea; and the effect was related with the fungal 
species (Liu et al., 2007). In other studies, chitosan 
affected the membrane integrity on S. sapinea allowing 
the outflow of cell components (Singh et al., 2008). 
Besides, chitosan could be affecting the plasma mem-
brane properties. It was demonstrated that this polymer 
caused a decrease in the H

+
-ATPase activity on plasma 

membrane of R. stolonifer; this effect could provoke the 
accumulation of protons inside the cell, which would 
result in the inhibition of the chemiosotic driven transport 
that allows the H

+
/K

+
 exchange (García-Rincón et al., 

2010).  
Current research suggests that the plasma membrane 

forms a barrier to chitosan in chitosan-resistant but not 
chitosan-sensitive fungi. Additionally, it was reported that 
the plasma membranes of chitosan-sensitive fungi had 
more polyunsaturated fatty acids than chitosan-resistant 
fungi, suggesting that the permeabilization by chitosan 
may be dependent on membrane fluidity (Palma-
Guerrero et al., 2010). 
 
 
PENETRATION OF CHITOSAN ON FUNGAL CELL 
 
Few reports demonstrated that chitosan could penetrate 
the fungal cell. Recent studies of chitosan-fungal cell 
interactions showed that the polymer penetrates the cell 
and cause intracellular affectations. It was found that 
chitosan by an energy-dependent process quickly 
penetrated the conidia of F. oxysporum (less than 15 
min) and caused ultrastructural alterations (disorganized 
cytoplasm, retraction of the plasma membrane and loss 
of intracellular content) in the treated spores (Palma-
Guerrero et al., 2008). However, is evident that a 
chitosan tracer is needed to evaluate the capture and 
dissemination within the cell. 

Previous report showed that oligochitosan penetrated 
the fungal cell and caused disruption on endomembrane 
system of Phytophthora capsici, such as, distortion and 
disruption of most vacuoles, thickening of plasmalemma 
and appearance of unique tubular materials (Xu et al., 
2007a). Additionally, other studies in this plant 
pathogenic fungus with oligochitosan marked confirmed 
that, the polymer penetrated the membrane and binds to 
nucleic acids (Xu et al., 2007b). 
 
 
EFFECT OF CHITOSAN ON PHYTOPATHOGENS 
FUNGI 
 
The effect of chitosan on phytopathogens fungi has been 
evaluated on different researches. In general, the 
obtained response is variable and dependent of the 
fungal cell, previous studies revealed that the spores  are 



 
 

 
 
 
 
more sensitive than the hyphae to chitosan application. 
The effect of the polymer has been attributed to several 
factors such as, the degree of deacetylation, molecular 
weight and concentration. Most physiological activities 
and functional properties of chitosan depend on their 
molecular weight (Rabea et al., 2003). In vitro studies on 
Botrytis cinerea showed that the antifungal activity 
increased when the chitosan molecular weight decreased 
(Badawy and Rabea, 2009). Similar results were found in 
Aspergillus niger, the highest antifungal activity was 
observed with low molecular weight chitosan (Xiao-Fang 
et al., 2008). Also, low molecular weight chitosan showed 
a marked inhibition of mycelial growth of B. cinerea and 
Penicillum expansum (Liu et al., 2007). However, other 
studies demonstrated that high molecular weight chitosan 
caused a noticeable inhibition of mycelial growth of 
Fusarium oxysporum, Alternaria solani and Valsa mali 
(Guo et al., 2006). It is known that the molecular weight 
of chitosan also influences in the physiological-
biochemical response. For example, on three isolates of 
R. stolonifer, it was observed that the medium molecular 
weight chitosan showed a major effect on the release of 
protein while the highest glucose consumption was 
induced with chitosan of low molecular weight (Guerra-
Sánchez et al., 2009). Moreover, it has been reported 
that chitosan and oligochitosan inhibited the mycelial 
growth and germination of spores of the fungal patho-
gens, Alternaria kikuchiana and Physalospora, the effect 
was most evident on the fungal mycelium (Meng et al., 
2010). 

It was demonstrated that the low molecular weight 
chitosan was more effective for inhibition of mycelial 
growth of R. stolonifer while the high molecular weight 
chitosan affected spore shape, sporulation and 
germination (Hernández-Lauzardo et al., 2008). Other 
studies showed that chitosan completely inhibited spore 
germination of Fusarium oxysporum and Verticillium 
dahliae; the spores were clearly more sensitive to 
chitosan than hyphae (Palma-Guerrero et al., 2008). 
Similar results were found on Botrytis cinerea and P. 
expansum (Ben-Shalom et al., 2003; Liu et al., 2007). 
The effectiveness of chitosan has been demonstrated on 
spores of Fusarium oxysporum treated with a low 
concentration (0.01%) of this polymer (Tikhonov et al., 
2006). Also, it was reported that chitosan derivatives 
affected more than 90% germination of F. oxysporum 
(Rabea et al., 2009). On the other hand, oligochitosan 
was more effective than chitosan in inhibiting mycelial 
growth of P. capsici and its inhibition on different stages 
in life cycle of this fungus was observed. Furthermore, 
rupture of release of zoospores was showed (Xu et al., 
2007a). 

Chitosan severely affected the morphology on 
Sphaeropsis sapinea. It was observed that an increase 
concentration of chitosan provoked excessive branching, 
vacuolation and reduced the  hyphal  diameter  (Singh  et  
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al., 2008). Other morphological change on 
phytopathogens by chitosan effect has been observed. R. 
stolonifer showed morphological change in their hyphae 
(excessive branching) by effect of 3 mg mL

-1
 of chitosan. 

Moreover, their mycelial growth was inhibited (Ghaouth et 
al., 1992b). However, in other studies chitosan inhibited 
the mycelial growth of R. stolonifer with lowest concentra-
tion of this polymer, therefore the application of chitosan 
to control the plant pathogen may be more effective (1.0, 
1.5 and 2.0 mg mL

-1
) (Hernández-Lauzardo et al., 2008). 

Other studies demonstrated that the mycelial growth and 
sporulation of the three isolates of R. stolonifer (from 
peach, papaya and tomato) were markedly inhibited at all 
tested chitosan concentrations (1.0, 1.5 and 2.0 mg mL

-

1
). The highest antifungal indexes and sporulation 

reduction were observed with chitosan at 2 mg mL
-1

. 
Additionally, the morphological characteristics of the 
spores of R. stolonifer showed different behavior 
depending on the evaluated isolates (Hernández-
Lauzardo et al., 2010b). 

Oligochitosan was more effective than chitosan in 
inhibiting mycelial growth of Phytophthora capsici, 
although both were effective in controlling different 
phytopathogens. Thus, the molecular weight of chitosan 
influences the antifungal activity of this polymer (Xu et al., 
2007a). It is important to comment that in other 
research’s the results showed that deacetylated degree 
influenced on antifungal activity of chitosan on 
Phytophthora parasítica; the lowest deacetylated degree 
caused the highest inhibition of mycelial growth (Falcón 
et al., 2008). Another important stage of development of 
fungi is the sporulation; the effect of chitosan on the 
same has been evaluated in some phytopathogens of 
interest (Cruz et al., 2004; Manjunatha et al., 2008). It is 
known that chitosan with different molecular weights can 
affect the sporulation on isolates of R. stolonifer 
(Hernández-Lauzardo et al., 2008). In previous studies, a 
decrease on the formation of sporangios when R. 
stolonifer grew in the presence of chitosan (0.75 – 6.0 mg 
mL

-1
) was observed. However, there were no counts of 

spores of this fungus (El Ghaouth et al., 1992b). On the 
other hand, it have been demonstrated that the spores of 
R. stolonifer treated with chitosan of high molecular 
weight  (2 mg mL

-1
) showed the highest variation on their 

shape (elliptical form factor) and the highest relative 
frequency of globose spores was observed with high 
molecular weight chitosan for all concentrations tested. 
Additionally, studies of scanning and transmission 
electron microscopy revealed numerous and deeper 
ridge ornamentations of the spores treated with chitosan 
of different molecular weight (Hernández-Lauzardo et al., 
2008). 

Additionally to previous studies mentioned in this 
paper, in some of the studies evaluates the effect of 
chitosan combined with different natural alternativ es. For 
example,  the  combined  effect  of  chitosan  with  yeast 
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(Pichia guillermondii) for control to Penicillum digitatum 
was studied. The results demonstrated that the 
biopolymer and yeasts presented an additive effect, since 
chitosans were effective to delay spore germination, 
whereas P. guillermondii decreased the fungal growth 
(Pacheco et al., 2008). 
 
 
CONCLUSIONS  
 
Several researches have been developed around the 
mode of action of chitosan to explain the effect of this 
polymer. All have produced results that support the 
different modes of action of the molecule; probably the 
size or the molecular weight of chitosan influences the 
mode of action that primarily is triggered. Given the 
above research, one might infer that the greater the num-
ber of chitosan molecules to penetrate the intracellular 
level, there will be more likely that the polycationic poly-
mer to interact with intracellular structures and molecules 
provoking damage and causes affect their development. 
Despite the progress in understanding the mode of action 
of chitosan and the various effects that can result in 
different fungal pathogens still need to generate scientific 
information to understand more precisely the biological 
activity of chitosan molecules. Comprehensive 
knowledge of the action of chitosan in fungal cells will 
increase the chances of successful application of this 
natural alternative in the control of fungal pathogens. 
 
 

ACKNOWLEDGEMENTS 
 

The authors are grateful to the Instituto Politécnico 
Nacional (IPN) of México. 
 
 
REFERENCES 
 
Al Sagheer FA, Al-Sughayer MA, Muslim S, Elsabee MZ (2009). 

Extraction and characterization of chitin and chitosan from marine 
sources in Arabian Gulf. Carbohydr. Polym., 77(2): 410-419. 

Aranaz I, Mengíbar M, Harris R, Paños I, Miralles B, Acosta M, Galed 
G, Heras A (2009). Functional characterization of chitin and chitosan. 
Curr. Chem. Biol., 3: 203-230. 

Badawy MEI, Rabea EI (2009). Potential of the biopolymer chitosan 
with different molecular weights to control postharvest gray mold of 
tomato fruit. Postharvest Biol. Technol., 51(1): 110-117. 

Ben-Shalom N, Ardi R, Pinto R, Aki C, Fallik E (2003). Controlling gray 
mould caused by Botrytis cinerea in cucumber plants by means of 

chitosan. Crop Prot., 22(2): 285-290.  
Chien P, Sheu F, Huang WT, Su MS (2007a). Effect of molecular 

weight of chitosans on their antioxidative activities in apple juice. 
Food Chem., 102(4): 1192-1198.  

Chien P, Sheu F, Lin H (2007b). Coating citrus (Murcott tangor) fruit 
with low molecular weight chitosan increases postharvest quality and 
self life. Food Chem., 100(3): 1160-1164. 

Cruz A, Rivero D, Martínez B, Ramírez MA, Rodríguez AT (2004). 
Efecto de la quitosana sobre el crecimiento y desarrollo in vitro de 
Sarocladium sawada. Rev. Protección Veg., 19(2): 33-136. 
Du J,  Zhao  Y,  Dai  S,  Yang  B  (2009).  Preparation of water-
soluble chitosan from shrimp shell and its antibacterial activity. 
Innovat Food Sci. Emerg. Technol., 10(1): 103-107. 

 
 
 
 
El Ghaouth A, Arul J, Asselin A, Benhamou N (1992 a). Antifungal 

activity of chitosan on post-harvest pathogens: induction of 
morphological and cytological alterations in Rhizopus stolonifer. 

Mycol. Res., 96(9): 769-779. 
El Ghaouth A, Arul J, Grenier J, Asselin A (1992 b). Antifungal activity of 

chitosan on two postharvest pathogens of Strawberry fruits. 
Phytopathology, 82(4): 398-402. 

Falcón AB, Cabrera JC, Costales D, Ramírez MA, Cabrera G, Toledo V, 
Martínez-Téllez MA (2008). The effect of size and acetylation degree 
of chitosan derivatives on tobacco plant protection against 
Phytophthora parasitica nicotianae. World J. Microb. Biotechnol., 
24(1): 103-112.  

Fisk CL, Silver AM, Strik BC, Zhao Y (2008). Postharvest quality of 
hardy kiwifruit (Actinidia arguta Ananasnaya) associated with 
packaging and storage conditions. Postharvest Biol. Technol., 47(3): 
338-345. 

Freepons D (1991). Chitosan, does it have a place in agriculture? Proc. 
Plant Growth Regul. Soc. Am., pp. 11–19. 

García-Rincón J, Vega-Pérez J, Guerra-Sánchez MG, Hernández-
Lauzardo AN, Peña-Díaz A, Velázquez-Del Valle MG (2010). Effect 
of chitosan on growth and plasma membrane properties of Rhizopus 
stolonifer (Ehrenb.: Fr.) Vuill. Pestic. Biochem. Phys., 97(3): 275-278. 

González-Aguilar G, Valenzuela-Soto E, Lizardi-Mendoza J, Goycoolea 
F, Martínez-Téllez MA, Villegas-Ochoa MA, Monroy-García IN, 
Ayala-Zavala JF (2009). Effect of chitosan coating in preventing 
deterioration and preserving the quality of fresh-cut papaya Maradol. 
J. Sci. Food Agric., 89(1): 15-23. 

Guerra-Sánchez MG, Vega-Pérez J, Velázquez-del Valle MG, 
Hernández-Lauzardo AN (2009). Antifungal activity and release of 
compounds on Rhizopus stolonifer (Ehrenb.:Fr.) Vuill. by effect of 

chitosan with different molecular weights. Pestic. Biochem. Phys., 
93(1): 18-22. 

Guo Z, Chen R, Xing R, Liu S, Yu H, Wang P, Li C, Li P (2006). Novel 
derivatives of chitosan and their antifungal activities in vitro. 
Carbohydr. Res., 341(3): 351-354. 

Guo Z, Xing R, Liu S, Zhong Z, Ji X, Wang L, Li P (2008). The influence 
of molecular weight of quaternized chitosan on antifungal activity. 
Carbohydr. Polym., 71(4): 694-697. 

Hernández-Lauzardo AN, Bautista-Baños S, Velázquez-del Valle MG, 
Méndez-Montealvo MG, Sánchez-Rivera MM, Bello-Pérez LA (2008). 
Antifungal effects of chitosan with different molecular weights on in 
vitro development of Rhizopus stolonifer (Ehrenb.:Fr.) Vuill. 

Carbohydr. Polym., 73(4): 541-547.  
Hernández-Lauzardo AN, Guerra-Sánchez MG, Hernández-Rodríguez 

A, Heydrich-Pérez M, Vega-Pérez J, Velázquez-del Valle MG 
(2010a). Assessment of the effect of chitosan of different molecular 
weights in controlling Rhizopus rots in tomato fruits. Arch 
Phytopathology Plant Protect (In press). 

Hernández-Lauzardo AN, Velázquez-del Valle MG, Veranza-Castelán 
L, Melo-Giorgana GE, Guerra-Sánchez MG (2010b). Effect of 
chitosan on three isolates of Rhizopus stolonifer obtained of peach, 
papaya and tomato. Fruits, 65(4): 245-253. 

Kim S, Rajapakse N (2005) Enzymatic production and biological 
activities of chitosan oligosaccharides (COS): A review. Carbohydr. 
Polym., 62(4): 357-368. 

Kong M, Guang Chen X, Xing K, Jin Park H (2010). Antimicrobial 
properties of chitosan and mode of action: A state of the art review. 
Int. J. Food Microbiol., 144(1): 51-63.  

Lárez-Velásquez C (2008). Algunas potencialidades de la quitina y el 
quitosano para usos relacionados con la Agricultura en 
Latinoamérica. Rev. UDO Agríc., 8(1): 1-22. 

Liu J, Tian S, Meng X, Xu Y (2007). Effects of chitosan on control of 
postharvest diseases and physiological responses of tomato fruit. 
Postharvest Biol. Technol., 44(3): 300-306.  

Manjunatha G, Roopa KS, Prashanth GN, Shetty HS (2008). Chitosan 
enhances disease resistance in pearl millet against downy mildew 
caused by Sclerospora graminicola and defence-related enzyme 

activation. Pest. Manag. Sci., 64(12): 1250-1257. 
Martínez-Camacho AP, Cortez-Rocha MO, Ezquerra-Brauer JM, 

Graciano-Verdugo AZ, Rodríguez-Félix F, Castillo-Ortega MM, Yépiz-
Gómez  MS,  Plascencia-Jatomea  M   (2010).   Chitosan   composite 



 
 

 
 
 
 

films: Thermal, structural, mechanical and antifungal properties. 
Carbohydr. Polym., 82(2): 305-315. 

Meng X, Li B, Liu J, Tian S (2008). Physiological responses and quality 
attributes of table grape fruit to chitosan preharvest spray and 
postharvest coating during storage. Food Chem., 106(2): 501-508. 

Meng X, Yang L, Kennedy JF, Tian S (2010). Effects of chitosan and 
oligochitosan on growth of two fungal pathogens and physiological 
properties in pear fruit. Carbohydr. Polym., 81(1): 70-75. 

No HK, Meyers SP, Prinyawiwatkul W, Xu Z (2007). Applications of 
chitosan for improvement of quality and shelf life of foods: A Review. 
J. Food Sci., 72(5): 87-100. 

Pacheco N, Larralde-Corona CP, Sepulveda J, Trombotto S, Domard A, 
Shirai K (2008). Evaluation of chitosans and Pichia guillermondii as 
growth inhibitors of Penicillium digitatum. Int. J. Biol. Macromol., 
43(1): 20-26. 

Palma-Guerrero J, Lopez-Jimenez JA, Pérez-Berná AJ, Huang I-C, 
Jansson H-B, Salinas J, Villalaín J, Read ND, Lopez-Llorca LV 
(2010). Membrane fluidity determines sensitivity of filamentous fungi 
to chitosan. Mol. Microbiol., 75(4): 1021-1032. 

Palma-Guerrero, J. Jansson, H., Salinas, J. and Lopez-Llorca, J.V. 
2008. Effect of chitosan on hyphal growth and spore germination of 
plant pathogenic and biocontrol fungi. J. Appl. Microbiol., 104(2): 541-
553. 

Ponce AG, Roura SI, Del-Valle CE, Moreira, MR (2008). Antimicrobial 
and antioxidant of edible coatings enriched with natural plant 
extracts: In vitro and in vivo studies. Postharvest Biol. Technol., 
49(2): 294-300. 

Rabea E, Badawy M, Stevens C, Smagghe G, Steurbaut W (2003) 
Chitosan as antimicrobial agent: Applications and mode of action. 
Biomacromolecules, 4(6): 1457-1465. 

Rabea E, Badawy MEI, Steurbaut W, Stevens CV (2009). In vitro 
assessment of N-(benzyl) chitosan derivatives against some plant 
pathogenic bacteria and fungi. Eur. Polym. J., 45(1): 237-245.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Hernández-Lauzardo et al.         4247 
 
 
 
Rinaudo M (2006). Chitin and chitosan: Properties and applications. 

Prog. Polym. Sci., 31(7): 603-632. 
Sangsuwan J, Rattanapanone N, Rachtanapun P (2008). Effect of 

chitosan/methyl cellulose films on microbial and quality 
characteristics of fresh-cut cantaloupe and pineapple. Postharvest 
Biol. Technol., 49(3): 403-410. 

Singh T, Vesentini D, Singh AP, Daniel G (2008). Effect of chitosan on 
physiological, morphological, and ultrastructural characteristics of 
wood-degrading fungi. Int. Biodet. Biodeg., 62(2): 116-124. 

Tikhonov VE, Stepnova EA, Babak VG, Yamskov IA, Palma-Guerrero 
JP, Jansson HB, López-Llorca LV, Salina J, Gerasimenko DV, 
Avdienko ID, Varlamov VP (2006). Bactericidal and antifungal 
activities of a low molecular weight chitosan and its N-/2(3)-(dodec-2-
enyl)-succinoyl/-derivatives. Carbohydr. Polym., 64(1): 66-72. 

Trotel-Aziz P, Couderchet M, Vernet G, Aziz A (2006). Chitosan 
stimulates defense reactions in grapevine leaves and inhibits 
development of Botrytis cinerea. Eur. J. Plant Pathol., 114(4): 405-
413. 

Xiao-Fang L, Xiao-Qiang F, Sheng Y, Ting-Pu W, Zhong-Xing S (2008). 
Effects of molecular weight and concentration of chitosan on 
antifungal activity against Aspergillus niger. Iran. Polym. J., 17(11): 

843-852. 
Xu J, Zhao X, Han X, Du Y (2007a). Antifungal activity of oligochitosan 

against Phytophtora capsici and other pathogenic fungi in vitro. 

Pestic. Biochem. Phys., 87(3): 220-228. 
Xu J, Zhao X, Wang X, Zhao Z, Du Y (2007b). Oligochitosan inhibits 

Phytophtora capsici by penetrating the cell membrane and putative 

binding to intracellular target. Pestic. Biochem. Phys., 88(2): 167-175. 
Zhu X, Wang Q, Cao J, Jiang W (2008). Effects of chitosan coating on 

postharvest quality of mango (Mangifera indica L. CV. Tainong) fruits. 

J. Food Process Pres., 32(5): 770-784. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


