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Table 1. Antibacterial activity of chitosan on specific bacteria, for study and source of chitosan. 
 

Reference Bacteria Origin of chitosan 

Badawy et al. (2014) 
Agrobacterium tumefaciens 
Erwinia carotovora 

Company (Sigma-Aldrich) 

Costa et al. (2014) 
Enterococci 
Streptococci 

Company (Sigma-Aldrich) 

Inta et al. (2014) 
Bacillus subtilis  
Escherichia coli 
Staphylococcus aureus 

Company (Seafresh Chitosan Lab Co.) 

Jeon et al. (2013) 

Escherichia coli 
Klebsiella pneumoniae 
Salmonella enterica  
Streptococcus uberis 
Vibrio cholerae 

Company (Sigma-Aldrich) 

Kulikov and Shumkova (2014) 
Staphylococcus aureus 
Staphylococcus epidermidis  

Crustaceans Animal (Crab) 

Sahariah et al. (2014) 
Escherichia coli 
Staphylococcus aureus 

  

Tayel et al. (2014) 

Coliformes 
Enterobacteriaceae 
Escherichia coli 
Staphylococcus aureus 

Fungal (Aspergillus brasiliensis) 

Yang et al. (2014) Acidovorax avenae  Crustaceans Animal (Caranguejo) 

Younes et al. (2014) 

Escherichia coli 
Pseudomonas aeruginosa 
Klebsiella pneumoniae 
Salmonella typhi 

Company (Aber Technologies France) 

Geng et al. (2012) 
Bacillus subtilis 
Salmonella cholerae suis 

Crustaceans Animal (Shrimp) 

Li et al. (2013) 
Xanthomonas oryzae pv.oryzae  
Xanthomonas oryzae pv.oryzicola 

Crustaceans Animal (Crab) 

Mansilla et al. (2013) Pseudomonas syringae  Crustaceans Animal (Shrimp) 

Chen and Chung (2012) 
Lactobacillus brevis 
Streptococus mutans 

Crustaceans Animal (Shrimp) 

Giner et al. (2012) 

Bacillus cereus  
Enterobacter aerogenes 
Escherichia coli 
Salmonella entérica 
Staphylococcus aureus 

Crustaceans Animal (Shrimp) 

Huang et al. (2012) 
Escherichia coli 
Staphylococcus aureus 

Crustaceans Animal (Shrimp) 

Jiang et al. (2012) 

Enterococcus faecalis 
Escherichia coli 
Listeria monocytogenes 
Salmonella spp. 
Staphylococcus aureus 
Vibrio spp 

Company (Keumho Chemical) 

Li et al. (2012) Acidovorax citrulli  

Logesh et al. (2012) 

Escherichia coli 
Vibrio cholerae  
Salmonella typhi 
Staphylococcus aureus 

Fungal (Roccella montagnei lichen) 
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Table 1. Contd. 
 

Reference Bacteria Origin of chitosan 

Simunek et al. (2012) 

Bacteroides thetaiotaomicron 
Clostridium beijerinckii 
Clostridium paraputrificum 
Faecalibacterium prausnitzii 
Roseburia intestinalis 

Company (Medicol Co.) 

Chung et al. (2011) 

Escherichia coli 
Salmonella typhimurium 
Shigella dysenteriae 
Staphylococcus aureus 
Listeria monocytogenes 
Bacillus cereus 

Crustaceans Animal (Shrimp) 

Kumaresapillai et al. (2011) 

Escherichia coli 
Proteus vulgaris 
Pseudomonas aeruginosa 
Salmonella paratyphi-A 
Salmonella typhi 

Fungal (Aspergillus niger) 

Lou et al. (2011) Burkholderia. seminalis Crustaceans Animal (Caranguejo) 

Mellegard et al. (2011a) Bacillus cereus Company (Novamatrix) 

Mellegard et al. (2011b) 
Bacillus cereus 
Escherichia coli 

Crustaceans Animal (Shrimp) 

Tsai et al. (2011) 

Acinetobacter baumannii 
MRSA 
Pseudomonas aeruginosa 
Staphylococcus aureus 
Staphylococcus epidermidis 
Staphylococcus pyogenes 

Company (Shin Era Technology) 

Tayel et al. (2010) 

Bacillus subtilis 
Escherichia coli 
Pseudomonas aeruginosa 
Pseudomonas fluorescence 
Salmonella typhimurium 
Sarcinia lutea 
Serratia marcescens 
Staphylococcus aureus 

Fungal (Mucor rouxii) 

Ballal et al. (2009) Enterococcus faecalis Company (Sigma-Aldrich) 

Fernandes et al. (2009) Bacillus cereus Company (Sigma-Aldrich) 

Ji et al. (2009a) 

Aggregatibacter actinomycetemcomitans 
Porphyromonas gingivalis 
Prevotella intermedia 
Streptococcus mutans 

Company (Putian Zhongsheng Weiye Co.) 

Ji et al. (2009b) 
Porphyromonas gingivalis 
Prevotella intermedia 

Company (Dongying 
Guofeng Fine Chemical Co) 

Lee et al. (2009) Vibrio vulnificus  

Fernandes et al. (2008) 
Escherichia coli 
Staphylococcus aureus 

Company (Sigma-Aldrich) 

Raafat et al. (2008) 
Staphylococcus aureus 
Staphylococcus simulans 

Company (Sigma-Aldrich) 

Sarasam et al. (2008) 
Actinobacillus actinomycetemcomitans 
Streptococcus mutans 

Company (Sigma-Aldrich) 
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Table 1. Contd. 
 

Reference Bacteria Origin of chitosan 

Chung and Chen (2007) 
Escherichia coli 
Staphylococcus aureus 

Crustaceans Animal (Shrimp) 

Kim et al. (2007) 
Escherichia coli  
Salmonella typhi  

Company (Iljin Pharmaceuticals) 

Moon et al. (2007) Staphylococcus aureus Crustaceans Animal (Crab) 

Anas et al. (2005) 

Vibrio  cholerae  
Vibrio parahaemolyticus  
Vibrio mediterranei  
Vibrio nereis 
Vibrio proteolyticus  
Vibrio splendidus  
Vibrio vulnificus  
Vibrio alginolyticus 

Company (M/s South India Sea Foods) 

Fujimoto et al. (2005) 
Escherichia coli 
Legionella pneumophila 
Staphylococcus aureus

Company (Wako Pure Chemicals Co.) 

Chung et al. (2004) 

Escherichia coli 
Pseudomonas aeruginosa   
Salmonella typhimurium 
Staphylococcus aureus   
Streptococcus faecalis 

Crustaceans Animal (Shrimp) 

Rhoades and Roller (2000) 
Bacillus spp.  
Cryptococcus albidus 
Pseudomonas fragi 

Company (Pronova Biopolymer) 

 
 
 
and the repair process, enabling the reestablishment of 
normal microbiota and repairing the periodontal ligament. 
 Bacteremia caused by Staphylococcus aureus is the 
most common cause of bloodstream infections associated 
with medical treatment (Hii et al., 2013) and Escherichia 
coli bacteremia is the third (Hii et al., 2013). Chung and 
Chen (2007) reported that chitosan can destroy the cellular 
structure of E. coli and S. aureus, leading to leakage of 
lysosomal enzymes and nucleotides in the cell. 

However, other studies were inconclusive regarding the 
antimicrobial effect of chitosan. Although they observed 
antibacterial activity of chitosan in E. coli and Legionella 
pneumophila, Fujimoto et al. (2005) believed that, it is 
due to the decrease of the pH value of derivatives of the 
organic acids and not of the polymer. 

The antibacterial activity of chitosan may be associated 
with a mechanism for sequential separation between the 
cell wall and cell membrane, followed by their destruction 
beyond the cell lysis and change in the osmotic pressure 
(Kulikov et al., 2014; Geng et al., 2012; Lou et al., 2011; 
Chen and Chung, 2012). For Tayel et al. (2010), chitosan 
tends to act in the peptidoglycan of cell wall.  

Recently, Jeon et al. (2013) suggested that the 
antimicrobial activity of chitosan is partially mediated by 
the OmpA, an outer membrane protein of bacteria 

incorporated into a β-barrel structure, responsible for cell 
surface integrity. This contrasts with what has been 
proposed by Raafat et al. (2008), who proposed that 
there is no evidence that the antimicrobial activity of 
chitosan is mediated by direct action on the cell 
membrane.  

There were also suggestions that the antibacterial effect 
of chitosan is related to its molecular weight, since the 
higher the molecular weight of the polymer, the greater 
the antimicrobial activity against Gram-positive bacteria. 
Whereas, for Gram-negative bacteria, the lower mass 
molecular chitosan implies greater antimicrobial activity 
(Lee et al., 2009).  

Thus, the polymer has a greater effect on Gram-
positive bacteria than on Gram-negative bacteria and 
some authors suggested that the positive charge present 
in the amino group of chitosan may interact with sites on 
the cell surface of the bacteria causing disturbances in 
cellular permeability (Younes et al., 2014; Chen and 
Chung, 2012; Chung et al., 2004; Helander et al., 2001), 
and changes in DNA and RNA (Tayel et al., 2010). It is 
also important to emphasize that chitosan may alter the 
presence of metal within the cell, inhibiting microbial 
growth and activating the host's immune response, which 
acts on the inhibition of various enzymes (Tayel et al., 
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Table 2. Antifungal activity of chitosan on specific fungi for study and source of chitosan. 
 

Reference Fungus Origin of chitosan 

Badawy et al. (2014) 
Botryodiplodia  theobromae 
Fusarium  oxysporum 
Phytophthora  infestans 

Company (Sigma-Aldrich) 

Chaterjee et al. (2014) Macrophomina phaseolina Company (Sigma-Aldrich) 

Elkholy et al. (2014) 
Rhizoctonia solani 
Sclerotium rolfsii 

Crustaceans Animal (Shrimp) 

Kulikov et al. (2014) Candida albicans  

Younes et al. (2014) 
Alternaria solani 
Aspergillus niger 
Fusarium oxysporum 

Company (Aber Technologies France) 

Chien et al. (2013) Candida albicans Company (Shin Era Technology) 

Pedro et al. (2013) Aspergillus  flavus Company (Sigma Aldrich) 

Giner et al. (2012) 

Aspergillus niger 
Candida albicans 
Penicillium digitatum 
Pichia anomala 
Pichia membranaefaciens 
Saccharomyces cerevisiae 

Crustaceans Animal (Shrimp) 

Ing et al. (2012) 
Aspergillus niger 
Candida albicans 
Fusarium solani  

Company (Sigma-Aldrich) 

Liu et al. (2012) Rhizoctonia solani Company (Sigma-Aldrich) 

Sajomsang et al. (2011) 
Microsporum gypseum. 
Trichophyton mentagrophyte 
Trichophyton rubrum, 

Company (Seafresh Chitosan) 

Li et al. (2010) 

Cladosporium cucumerinum 
Colletotrichum lagenarium 
Fusarium oxysporum 
Monilinia fructicola, 

Company (Qingdao Baicheng 
Biochemical Corp) 

Ballal et al. (2009) Candida albicans Company (Sigma-Aldrich) 

Guo et al. (2007) 
Botrytis cinerea  
Colletotrichum lagenarium 

Company (Qingdao Baicheng 
Biochemical Corp) 

Peña et al. (2004) Candida albicans  

Rhoades and Roller (2000) 

Candida spp.  
Saccharomyces cerevisiae 
Saccharomycodes ludwigii Rhodotorula 
spp. 
Zygosaccharomyces bailii

Company (Pronova Biopolymer) 

 
 
 

2010). Studies on the antimicrobial activity of 
pharmaceutical formulations containing chitosan were 
also carried out. The effectiveness of a chitosan-based 
mouthwash, used to combat oral bacteria, has been 
found to be similar to marketed mouthwashes, being a 
viable alternative for the industry and for the population 
(Chen and Chung, 2012), since the chitosan acts as a 
bactericidal agent and bacteriostatic (Fernandes et al., 
2008). 

Antifungal activity 
 
Factors such as the pH of the solution used for diluting 
the chitosan, presence of bromine, chlorine and thiourea, 
the chemical structure, the degree of quaternization and 
the hydrophobic/hydrophilic balance influence the 
antifungal activity of the polymer (Elkholy et al., 2014; 
Sajomsang et al., 2011; Guo et al., 2007; Roller and 
Covill,  1999).  Furthermore,  the   molecular  weight  was  



 
 
 
 
directly proportional to the inhibition of fungal growth 
(Younes et al., 2014). Therefore, chitosan has the 
potential to be used as preservation medium for low pH 
foods which suffer from fungal infection (Rhoades and 
Roller, 2000).  

The candidemia is a major concern for hospitalized 
patients because Candida species are the most important 
nosocomial pathogens, which can generate prolonged 
periods of hospitalization or even cause death. The 
prevalence of mortality from candidemia can reach up to 
61% (Kreusch and Karstaedt, 2013). Although the 
Candida albicans can still mostly be responsible for these 
diseases, other species are increasing their role in 
candidemia (Wu et al., 2014; Karstaedt, 2013). Candida 
tropicalis, Candida parapsilosis, Candida glabrata and 
Candida guilliermondii are the most prevalent, just after 
C. albicans (Wu et al., 2014; Karstaedt, 2013). C. 
albicans is an opportunistic pathogen and the infections 
from this fungus represent a serious problem, especially 
for immunocompromised patients (Peña et al., 2004). 

Studies on the action mechanism of chitosan on C. 
albicans have identified the severe alterations of the cell 
wall and the internal structure of the fungus, as well as 
the increase in the flow of potassium and calcium 
required for inhibition of respiration, fermentation and cell 
viability, which is responsible for the antifungal effect of 
the polymer (Kulikov et al., 2014; Peña et al., 2004). The 
increased cytoplasmic calcium flux causes changes in 
the cytoplasmic wall, leading to loss of cellular 
permeability and consequently cell death.  
 
 
CONCLUSION 
 
Although there are a growing number of studies on the 
antimicrobial properties of chitosan, more studies are 
needed to maximize the use of this polymer. It is 
important to encourage research that will evaluate the 
antimicrobial effect of chitosan on other pathogens of 
clinical interest, which have antimicrobial resistance. 
 
 

Conflict of interests 
 

The authors did not declare any conflict of interest. 
 
 

REFERENCES 
 

Aam BB, Heggset EB, Norberg AL, Sorlie M, Varum KM, Eijsink VGH 
(2010). Production of chitooligosaccharides and their potential 
applications in medicine. Mar. Drugs 8(5):1482-1517. 

Anas A, Paul S, Jayaprakash NS, Philip R, Bright Singh IS (2005). 
Antimicrobial activity of chitosan against vibrios from freshwater 
prawn Macrobrachium rosenbergii larval rearing systems. Dis. Aquat. 
Org. 67:177-179. 

Badawy MEI, Rabea EI (2013). Preparation and antimicrobial activity of 
O-(benzoyl) chitosan derivatives against some plant pathogens. Afr. 
J. Microbiol. Res. 7(20):2259-2268. 

Badawy MEI, Rabea EI, Taktak NEM (2014). Antimicrobial  and  
inhibitory  enzyme  activity  of  N-(benzyl)  and quaternary  N-(benzyl)  
chitosan  derivatives  on  plant pathogens. Carbohyd  Polym  
111:670-682 

Sette-de-Souza et al.          153 
 
 
 
Ballal NV, Kundabala M, Bhat KS, Acharya S, Ballal M, Kumar R, 

Prakash PY (2009). Susceptibility of Candida albicans and 
Enterococcus faecalis to chitosan, chlorhexidine gluconate and their 
combination in vitro. Aust. Endod. J. 35:29-33. 

Campaniello D, Bevilacqua A, Sinigaglia M, Corbo MR (2008). 
Chitosan: antimicrobial activity and potential applications for 
preserving minimally processed strawberries. Food Microbiol. 25:992-
1000. 

Chen CYU, Chung YC (2012). Antibacterial effect of water-soluble 
chitosan on representative dental pathogens Streptococcus mutans 
and Lactobacilli brevis. J Appl Oral Sci. 20(6):620-627 

Chien HF, Chen CP, Chen YP, Chang PH, Tsai T, Chen CT (2013). The 
use of chitosan to enhance photodynamic inactivation against 
Candida albicans and its drug-resistant clinical isolates. Int. J. Mol. 
Sci. 14(4):7445-7456. 

Chung YC, Chen CY (2007). Antibacterial characteristics and activity of 
acid-soluble chitosan. Bioresour. Technol. 99:2806-14 

Chung YC, SU YV, Chen CC, Jia G, Wang HL, Wu JC, Lin JG (2004). 
Relationship between antibacterial activity of chitosan and surface 
characteristics of cell wall. Acta Pharmacol. Sin. 25 (7): 932-936. 

Costa EM, Silva S, Costa MR, Pereira M, Campos DA, Odila J, 
Madureira AR, Cardelle-Cobas A, Tavaria FK, Rodrigues AS, Pintado 
MM (2014). Chitosan mouthwash: toxicity and in vivo  validation. 
Carbohyd. Polym. 111:385-392. 

Dutta J, Tripathi S, Dutta PK (2012). Progress in antimicrobial activities 
of chitin, chitosan and its oligosaccharides: a systematic study needs 
for food applications. Food Sci. Technol. Int. 18(1):3-34. 

Elkholy SS, Salem HA, Eweis M, Elsabee MZ (2014). Synthesis and 
characterization of some acyl thiourea derivatives of chitosan and 
their biocidal activities. Int. J. Biol. Macromol. 70:199-207. 

Fernandes CJ, Tavaria FK, Soares JC, Ramos OS, Monteiro MJ, 
Pintado ME, Malcata FX (2008). Antimicrobial effects of chitosans 
and chitooligosaccharides, upon Staphylococcus aureus and 
Escherichia coli, in food model systems. Food Microbiol. 25:922-928. 

Fernandes JC, Eaton P, Gomes AM, Pintado ME, Malcata FX (2009). 
Study of the antibacterial effects of chitosans on Bacillus cereus (and 
its spores) by atomic force microscopy imaging and nanoindentation. 
Ultramicroscopy 109:854-860. 

Fujimoto T, Tsuchiya Y, Terao M, Nakamura K, Yamamoto M (2005). 
Antibacterial effects of Chitosan solution® against Legionella 
pneumophila, Escherichia coli, and Staphylococcus aureus. Int. J. 
Food Microbiol. 112:96-101. 

Geng, X, Yang, R, Huang, J, Zhang, X, Wang, X (2012). Antibacterial 
effect of water-soluble chitosan on representative dental pathogens 
Streptococcus mutans and Lactobacilli brevis. J. Appl. Oral Sci. 
20(6):620-7. 

Giner MJ, Vegara S, Funes L, Martí N, Saura D, Micol V, Valero M 
(2012). Antimicrobial activity of food-compatible plant extracts and 
chitosan against naturally occurring micro-organisms in tomato juice. 
J. Sci. Food Agric. 92:1917-1923. 

Guo Z, Xing R, Liu S, Zhong Z, Ji X, Wang L, Li P (2007). The  
influence of the cationic of quaternized chitosan on antifungical 
activity. Int. J. Food Microbiol. 118: 214-217. 

Helander IM, Nurmiaho LEL, Ahvenainen R, Rhoades J, Roller S 
(2001). Chitosan disrupts the barrier properties of the outer 
membranes of Gram-negative bacteria. Int. J. Food Microbiol. 
71:235-244. 

Hii IM, Chang HL, Lin LC, Lee YL, Liu YM, Liu CE, Chen CH, Cheng 
YR, Chang CY (2013). Changing epidemiology of candidemia in a 
medical center in middle Taiwan. J. Microbiol. Immunol. Infect. Xx:1-
10. 
Huang J, Jiang H, Qiu M, Geng X, Yang R, Li J, Zhang C (2012). 
Antibacterial activity evaluation of quaternary chitin against 
Escherichia coli and Staphylococcus aureus. Int. J. Biol. Macromol. 
52:85-91. 

Ing LY, Zin NM, Sarwar A, Katas H (2012). Antifungal Activity of 
Chitosan Nanoparticles and Correlation with Their Physical 
Properties. Int. J. Biomater. 2012:632698. doi: 10.1155/2012/632698. 

Jeon SJ, Oh M, Yeo WK, Galvão KN, Jeong KC (2013). Underlying 
mechanism of antimicrobial activity of chitosan microparticles and 
implications for the treatment of infectious diseases. PLoS One 
9(3):e92723. 



154          Afr. J. Microbiol. Res. 
 
 
 
Ji QX, Chen XG, Zhao QS, Liu CS, Cheng XJ, Wang LC (2009b). 

Injectable thermosensitive hydrogel based on chitosan and 
quaternized chitosan and the biomedical properties. J Mater Sci. 
Mater Med 20:1603-1610. 

Ji QX, Zhong DY, Lü R, Zhang W Q, Deng J, Chen X G (2009a). In vitro 
evaluation of the biomedical properties of chitosan and quaternized 
chitosan for dental applications. Carbohyd. Res. 344:1297-1302. 

Jiang L, Wang F, Han F, Prinyawiwatkul W, No HK, Ge B (2012). 
Evaluation of diffusion and dilution methods to determine the 
antimicrobial activity of water-soluble chitosan derivatives. J. Appl. 
Microbiol. 114:956-963. 

Kreusch A, Karsaedt AS (2013). Candidemia among adults in Soweto, 
South Africa, 1990-2007. Int. J. Infect. Dis. 17:e621-e623. 

Kulikov SN, Lisovskaya SA, Zelenikhin PV, Bezrodnykh EA, Shakirova 
DR, Blagodatskikh IV, Tikhonov VE (2014). Antifungal activity of 
oligochitosans (short chain chitosans) against some Candida species 
and clinical isolates of Candida albicans: Molecular weight -activity 
relationship. Eur. J. Med. Chem. 74:169-178. 

Kulikov SN, Shumkova Y (2014). Effect of Chitosan on Lysostaphin 
Lysis of Staphylococcal Cells. Bull. Exp. Biol. Med. 157(2):243-245. 

Kumaresapillai N, Basha RA, Sathish R (2011). Production and 
Evaluation of Chitosan from Aspergillus Niger MTCC Strains. Iran J. 
Pharm. Res. 10(3):553-558. 

Lee BC, Kim MS, Chol S, Kim YK, Kim TS (2009). In vitro and in vivo 
antimicrobial activity of water-soluble chitosan oligosaccharides 
against Vibrio vulnificus. Int. J. Mol. Med. 24: 327-333. 

Li B, Liu B, Shan C, Ibrahim M, Lou Y, Wang Y, Xie G, Li H, Sun G 
(2013). Antibacterial activity of two chitosan solutions and their effect 
on rice bacterial leaf blight and leaf streak. Pest Manag. Sci. 69: 312–
320. 

Li R, Guo Z, Jiang P (2010). Synthesis, characterization, and antifungal 
activity of novel quaternary chitosan derivatives. Carbohyd. Res. 345: 
1896-1900. 

Liu H, Tian W, Li B, Wu G, Ibrahim M, Tao Z, Wang Y, Xie G, Li H, Sun 
G (2012). Antifungal effect and mechanism of chitosan against the 
rice sheath blight pathogen, Rhizoctonia solani. Biotechnol. Lett. 
34:2291-2298. 

Lou M, Zhu B, Muhammad I, Lin B, Xie G, Wang Y, Li H (2011). 
Antibacterial activity and mechanism of action of chitosan solutions 
against apricot fruit rot pathogen Burkholderia seminalis. Carbohydr. 
Res. 346:1294-1301. 

Mansilla AY, Albertengo L, Rodríguez MS, Debbaudt A, Zúñiga A, 
Casalongué CA (2013). Evidence on antimicrobial properties and 
mode of action of a chitosan obtained from crustacean exoskeletons 
on Pseudomonas syringae pv. tomato DC3000. Appl. Microbiol. 
Biotechnol. 97:6957–6966. 

Mellegård H, Strand SP, Christensen BE, Granum PE, Hardy SP 
(2011a). Inhibition of Bacillus cereusspore outgrowth and 
multiplication by chitosan. Int. J. Food Microbiol. 149:218-225 

Mellegård H, Strand SP, Christensen BE, Granum PE, Hardy SP 
(2011b). Antibacterial activity of chemically defined chitosans: 
Influence of molecular weight, degree of acetylation and test 
organism. Int. J. Food Microbiol. 148:48-54. 

Moon JS, Kim HK, Koo CH, Joo YS, Nam HM, Park YH, Kang MI 
(2007). The antibacterial and immunostimulative effect of chitosan –
oligosaccharides against infection by Staphylococcus aureus isolated 
from bovine mastitis.  Appl. Microbiol. Biotechnol. 75:989-998. 

Patel JK, Patel RP, Amin AF, Patel MM (2005). Formulation and 
evaluation of mucoadhesion glipizide microsphere. AAPS 
PharmSciTech. 6(1):E49-55. 

Pedro RO, Takaki M, Gorayebb TCC, Del Bianchi VL, Thomeo JC, 
Tiera MJ, Tiera VAO (2013). Synthesis,  characterization  and  
antifungal  activity  of  quaternary  derivatives  of chitosan  on  
Aspergillus  flavus. Microbiol.  Res.  168:50-55. 

Peña A, Sánchez, NS, Calahorra, M (2013). Effects of Chitosan 
on Candida albicans: Conditions for Its Antifungal Activity. Biomed. 
Res. Int. 2013: 527-549. 

Prado AGS, Macedo JL, Dias SCL, Dias JA (2004). Calorimetric studies 
of the association of chitin and chitosan with sodium dodecyl sulfate. 
Colloids Surf. B Biointerfaces 35:23-27. 

 

 
 
 
 
Raafat D, von Bargen K, Haas A, Sahl HG (2008). Insights into the 

mode of action of chitosan as an antibacterial compound. Appl. 
Environ. Microbiol. 74(12):3764-3773. 

Rhoades J, Roller S (2000). Antimicrobial actions of degraded and 
native chitosan against Spoilage organisms in laboratory media and 
foods. Appl. Environ. Microbiol. 66(1):80-86. 

Roller S, Covill N (1999). The antifungal properties of chitosan in 
laboratory media and apple juice. Int. J. Food Microbiol. 47:67-77. 

Sajomsang W, Pattarapong G, Saesso S, Ovatlarnporn C (2011). 
Antifungal property of quaternized chitosan and its derivatives. Int. J. 
Biol. Macromol. 50:263-269. 

Sarasam AR, Brown PS, Khajotia SS, Dmytryk JJ, Madihally VS (2008). 
Antibacterial activity of chitosan-based matrices on oral pathogens. J 
Mater. Sci. Mater. Med. 19:1083-1090. 

Simunek J, Brandysova V, Koppova I, Simunek Jr J (2012). The 
antimicrobial action of chitosan, low molar mass chitosan, and 
chitooligosaccharides on human colonic bacteria. Folia Microbiol. 
57:341-345 

Tayel AA, Ibrahim SIA, Al-Saman MA, Moussa SH (2014). Production of 
fungal chitosan from date wastes and its application as a 
biopreservative for minced meat. Int. J. Biol. Macromol. 69:471-475. 

Tayel AA, Moussa SH, Opwis K, Knittel D, Schollmeyer E, Nickisch-
Hartfiel A (2010). Inhibition of microbial pathogens by fungal chitosan. 
Int. J. Biol. Macromol. 47:10-14. 

Tsai T, Chien HF, Wang TH, Huang CT, Ker YB, Chen CT (2011). 
Chitosan augments photodynamic inactivation of gram-positive and 
gram-negative bacteria. Antimicrob. Agents Chemother. 55(5):1883-
1890. 

Ueno H, Mori T, Fujinaga T (2001). Topical formulations and wound 
healing applications of chitosan. Adv. Drug Deliv. Rev. 52:105-115. 

Valle MGV, Hernández-Lauzardo AN, Guerra-Sánchez MG, Mariaca-
Gaspar GIM (2012). Chitosan as an alternative to control 
phytopathogenic fungi on fruits and vegetables in Mexico. Afr. J. 
Microbiol. Res. 6(37):6606-6611. 

Van der Mei HC, Engels E, Vries J, Dijkstra RJB, Busscher HJ (2007). 
Chitosan adsorption to salivary pellicles. Eur. J. Oral Sci. 115:303-
307. 

Wu Z, Liu Y, Feng X, Liu Y, Wang S, Zhu X, Chen Q, Pan S (2014). 
Candidemia: incidence rates, types of species, and risk factors at a 
tertiary care academic hospital in China. Int. J. Infect. Dis. 22:4-8 

Yang C, Li B, Ge M, Zhou K, Wang Y, Luo J, Ibrahim M, Xie G, Sun G 
(2014). Inhibitory effect and mode of action of chitosan solution 
against rice bacterial brown stripe pathogen Acidovorax avenae 
subsp. avenae RS-1. Carbohyd. Res. 391(4):48-54 

Younes I,  Sellimi S, Rinaudo M, Jellouli K, Nasri M (2014). Influence of 
acetylation degree and molecular weight of homogeneous chitosans 
on antibacterial and antifungal activities. Int. J. Food Microbiol. 
185:57-63. 

 
 
 


