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Abstract 

The aim of this study was to investigate the in vitro antifungal activity of medium molecular weight 
chitosan and chitosan film obtained by solvent casting method against Aspergillus brasiliensis ATCC 
16404. Five methods were used: incorporation of Aspergillus brasiliensis in Potato dextrose agar (PDA) 
and puncture a solution of chitosan in acetic acid 1% in the centre of Petri dish(1), spreading the spore 
suspension on the entire agar surface of a Petri dish and placement of the chitosan solution in the centre of 
the plate (2), inoculation of the spore suspension in the centre of the Petri dish and applying 6 mm 
diameter disks with chitosan solution onto the agar surface (3), spreading the spore suspension on agar 
media followed by making bores which were loaded with chitosan solutions (4), incorporation of chitosan 
solution in PDA media followed by puncture inoculation with spores in the centre of the Petri dish (5). In 
case of the chitosan films, the method used consist in the inoculation of media with spore suspension in the 
centre of the dish after which the films were applied on the surface, in contact with the spore inoculum. 
Plates were incubated at 25°C and the growth was monitored for 7 days. 

The results showed that from the five methods used to analyze the antifungal activity of chitosan, only 
one was effective against Aspergillus brasiliensis. Chitosan films show positive effects on the fungal growth 
and the inhibition mechanism was evidenced at the contact surface of the culture media. In conclusion, 
chitosan films have the potential to be used in food industry to prevent food products spoilage. 
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1. Introduction 
Recently, there is a new tendency in food packaging to develop active materials with film 

forming abilities and antimicrobial properties which have the capacity to prolong the shelf-life of 
food products. Chitosan (CH) has gained attention in the smart and active packaging industry 
having the potential to form films. Chitosan is the N-deacetylated derivative of chitin, the major 
component of the shells of crustaceans, being found as well in exoskeleton of insects or various 
fungi (TRIPATHI & al., 2009 [1]). It is a polysaccharide composed of β-(1,4)-2-acetamido-2-
deoxy-D-glucose and β-(1,4)-amino-2-deoxy-D-glucose units (HERNANDEZ-LAUZARDOE & 
al., 2008 [2]). This polymer is insoluble in water (VAN DEN BROEK & al., 2015 [3]). Chitosan 
is a copolymer which present biodegradability properties, biocompatible capability, is non-toxic, 
can act like an antimicrobial and antifungal agent and it is renewable (CRUZ-ROMERO & al., 
2013 [4], SHEN & KAMDEM, 2015 [5]). The antimicrobial activity of chitosan was studied by 
many researchers and was found that it depends on the nature of microorganisms, type of 
chitosan, acetylation degree, molecular weight, concentration used, pH of the chitosan solution 
and the solvent used (YOUNES & al., 2014 [6];QUI& al., 2014 [7]). 

Studies have shown that in general low molecular weight chitosan had higher antimicrobial 
activity against Gram positive and Gram negative bacteria compared to medium molecular weight 
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chitosan (CRUZ-ROMERO & al., 2013 [4]), and higher antifungal activity against Fusarium 
concentricum (QIU& al., 2014 [7]) and Botrytis cinerea Pers. than high-molecular weight 
chitosan (GUO& al., 2008 [8]). Nevertheless, HERNANDEZ-LAUZARDO & al. (2008) [2] 
showed that low molecular weight chitosan was more effective against the mycelial growth of 
Rhyzopus stolonifera, while by using high molecular weight chitosan it was affected the 
development of the spores. 

There are several studies that reported that chitosan has antifungal activity and inhibit the 
mycelial growth, sporulation and shape of spores of Rhizopus stolonifer, Macrophomina 
phaseolina, Fusarium verticillioides and Fusarium proliferatum (HERNANDEZ-
LAUZARDOE & al., 2008 [2]; GARCÍA-RINCÓN & al., 2010 [9]; CHATTERJEE & al., 
2014 [10]; FERROCHIO & al., 2014 [11]). 

The antifungal mechanism of action of chitosan is not yet fully understood but it’s 
assumed to be caused by the interaction between charged amino group of chitosan and 
negatively charged cell walls of residues of macromolecules exposed, causing disruption that 
lead to cell death (ZIANI & al., 2009 [12];PEDRO& al., 2013 [13]).  

All above mentioned properties make chitosan a good candidate for active packaging 
materials which can extend the products shelf-life and improve the products quality.  

The fungus A. brasiliensis is consider to be a member of black aspergilli, one of the molds 
which produce food spoilage, being responsible for postharvest decay of fruits and vegetables, 
cereals (PLASCENCIA-JATOMEA & al., 2014 [14]). Fungi from the genus Aspergillus are able 
to produce mycotoxins such as ochratoxines, which are secondary metabolites of fungi (VARGA 
& al., 2007 [15]; PEDRO & al., 2013 [13]). Despite its wide growth range and spoilage potential, 
there are no studies regarding the effect of chitosan on A. brasiliensis.  

The present study investigates first, the in vitro antifungal activity of medium molecular 
weight chitosan solutions by using five different methods and second, the effect of chitosan 
film obtained by solvent casting method against A. brasiliensis ATCC 16404. 

 
2. Materials and methods 

2.1. Chitosan solution 
Commercial grade chitosan (Aldrich-Sigma) with medium molecular weight 

(deacetylation degree 75-85%, 200-800 cps viscosity) was used in the study. Chitosan 
solutions were prepared by dissolving the chitosan powder in 1% (v/v) acetic acid (ROTH) to 
obtain solutions of 0.5%, 1% and 2%concentration. To achieve a complete dispersion of the 
chitosan powder, the solution was stirred for 3 hours at 25°C. 

2.2. Microorganism and growth conditions 
The fungus A. brasiliensis ATCC 16404 was rehydrated following the supplier’s 

instructions. It was activated in potato dextrose agar media (PDA) (Scharlau) and incubated at 
25°C for 7 days. Conidial suspensions were prepared by suspending conidia harvested from 7 
days-old cultures in 10 ml of sterile distilled water. The final concentration was determined 
using a hematocytometer. All tested microorganisms had a concentration of 106spores/ml. 

2.3. Antifungal activity of chitosan solutions 
 To evaluate the antifungal activity of chitosan solutions against A. brasiliensis five 

techniques were used based on previous works (ZIANI & al., 2009 [12]; MARTINEZ-
CAMACHO & al., 2010 [16]; YOUNES & al., 2014 [6]). 

(a) Incorporation of A. brasiliensis in the medium 
 This method consisted in the incorporation of 0.1 ml spore suspension of A. brasiliensis 

ATCC 16404 in PDA medium. After the solidification of the medium, 10 µl of chitosan 
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solutions (0.5%, 1% and 2%) in 1%acetic acid were punctured in the centre of the Petri 
dishes. As control samples were used plates only with 1%acetic acid, without chitosan. The 
plates were incubated for 7 days at 25°C. 

(b) Inoculation by spreading on plates 
0.1 ml spore inoculum containing 106 spores/ml was placed on the centre of the plate and 

spread onto the agar medium with a sterile Drigalski spatulas. After 30 min, the time 
necessary to facilitate the incorporation of the suspension into the medium, in centre of each 
Petri dish 10µl of 0.5%, 1%, 2% chitosan solutions were poured. Control samples were 
prepared using a similar method, without chitosan, only with1%acetic acid. 

(c) Inoculation of spores by puncture 
 Antimicrobial activity assay was performed according to the method described by 

ZIANI& al. (2009) [12], adapted, which consisted in the inoculation of spores by puncture. A 
2 µl spore suspension containing 106spores/ml was placed in the centre of a Petri dish 
containing agar. Three Whatman filter paper disks (Φ= 6mm) were placed around the 
suspension and on each disk 10 µl of chitosan solutions was applied. All treatments were 
performed in triplicate, including control, which consisted of plates without chitosan but with 
1% acetic acid solution. All the inoculated plates were incubated at 25°C for 7 days. The 
radial growth of the colony of the tested fungus was measured daily and compared with the 
growth on control plate. 

(d) Incorporation of chitosan in bores  
The diffusion method was adapted after the one described by YOUNES& al. (2014) [6]. 

Spore suspension (100 µl) of 106concentration was spread on the surface of agar medium with a 
sterile Drigalski spatula. After 30 minutes, in each Petri dish bores were made (1.2 cm depth, 
0.7 cm diameter) which were loaded with chitosan solutions (50µl, 60 µl, respectively 75µl) of 
concentration 0.5%, 1%, respectively 2%. The pH of the solution was measured. Wells loaded 
with the same amount of 1%acetic acid were used as control. The plates were incubated at 25°C 
for 7 days. The antifungal activity was evaluated by measuring the diameter of the inhibition 
zone (including well diameter). For each concentration three replicates were performed. 

(d) Incorporation of chitosan in medium 
Chitosan solutions containing 0.02 g of polysaccharide/ml (g/v) were prepared in 0.1% 

acetic acid in stirring conditions, for 3 hours at 25°C. The chitosan solutions were added to the 
sterile PDA medium in order to obtain a final concentration of 3%, autoclaved at 121°C for 20 
minutes and then poured onto sterile Petri dishes (9 cm diameter) (MARTINEZ-CAMACHO 
& al., 2010 [16]). The final pH of the solution was measured. In the centre of each plate 2 µl 
of inoculum suspensions containing 106 spores/ml were punctured. As control were used 
plates without chitosan but with acetic acid solution with the pH adjusted to the same value as 
the tested samples. 

2.4. Antifungal activity of chitosan film 
The chitosan films were obtained using the solvent casting method. For the film 

elaboration was used medium molecular weight chitosan. 1.5% chitosan solution was 
prepared in 5% acetic acid. After 15 minutes of stirring, glycerol was added as a plasticizing 
agent to the solution and stir until the mixture was homogenous. Films were poured in Petri 
dishes and were allowed to dry at room temperature for 12 hours. After that, the films were 
degassed by keeping it in a vacuum oven at 50°C for 24 hours. 

The evaluation of the antifungal activity of chitosan film against A. brasiliensis was 
tested at the contact surface. Puncture inoculation was carried out by a point deposition of 2 
µl spore suspension of A.brasiliensis in the centre of plates. Chitosan films were cut into 
pieces of a square shape with a surface of 4 cm2 and sterilized by exposure to ultraviolet light 
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for 10 min on each side. Chitosan films previously prepared were placed on the PDA media 
inoculated before with the spore inoculum, in direct contact with it (adapted by ZIANI & al., 
2009 [12]). All determinations were performed in 5 replicates. As control were used plates 
without chitosan films applied. The Petri dishes were incubated for 7 days at 25°C. After 
incubation, the plates were visual examined for width of inhibition in the contact area. The 
results were expressed as a percentage by visual approximation of the film surface in contact 
with the tested fungi, on which the mycelia of the fungus wasn't present (inhibition rate).  

2.5. Statistical analysis 
All experiments were carried out at least in triplicate, and average values were reported. 

Data were analyzed statistically with the ANOVA test using the SPSS software. 
 

3. Results and discussions 
3.1. Effect of chitosan solutions against A. brasiliensis  
The results given in literature are conflicting when considering the antifungal activity of 

chitosan. For this judgment five methods were used to investigate the antifungal activity of 
chitosan. In this work were used both methods in which chitosan solutions were incorporated 
into the culture medium followed by the inoculation with spores and methods in which 
chitosan solutions were applied on the culture medium already inoculated with spores. 

To make sure that the antifungal activity was due to chitosan and not to acetic acid solution, 
pH of all solution was adjusted to 4 by adding hydroxide or hydrochloric acid solutions. 

The results of this work demonstrated that for the first two methods used, by 
incorporation of A. brasiliensis into the medium and by spreading it on the agar surface 
followed by treatment with different concentration of chitosan (0.5%, 1% and 2%), the fungal 
growth was not inhibited by chitosan. No visible changes were observed in the growth of the 
tested fungus and the growth process was not dependent on the chitosan concentration. 

As it is shown in table 1, when A. brasiliensis was inoculated into the culture medium 
and Whatman filter papers impregnated with chitosan were applied around it, the polymer 
didn’t inhibit the mycelia growth and no significant differences were observed between 
samples treated with chitosan and control samples. The kinetic growth for the samples treated 
with chitosan and kinetic of control samples were similar. 

 
 

Table 1. Diameter of mycelia growth (cm) of A. brasiliensis ATCC 16404 after treatment with different 
concentrations of chitosan solutions (0.5%, 1% and 2%) during 7 days of incubation at 25°C 

Chitosan 
samples 

Incubation time (days) 
2 3 4 5 6 7 

Control 1.35 ± 0.14 1.95 ± 0.07 2.575 ± 0.11 3.5 0± 0.14 3.90 ± 0.21 5.525 ± 1.02 

CH 0.5% 1.425 ± 0.24 2.10 ± 0.07  2.825 ± 0.03 3.45 ± 0.07  4.00 ± 0.07 4.625 ± 0.03 

CH 1% 1.25 ± 0.07 2.05 ± 0.07 2.675 ± 0.10 3.40 ± 0.14 3.925 ± 0.24 4.525 ± 0.67 

CH 2% 1.45 ± 0 2.10 ± 0 2.80 ± 0 3.55 ± 0.07 4.325 ± 0.03 5.025 ± 0.17 

Data are the means of three replicates followed by their standard deviations.  
 
When chitosan was incorporated in bores, after the inoculation with spores, no inhibitory 

effect against A. brasiliensis was showed. The tested fungi was resistant to the action of 
chitosan and it didn’t show any dependence on the chitosan concentration used. YOUNES & al. 
(2014) [6] tested the antifungal activity of fifteen chitosans with different acetylation degrees 
and molecular weights against A. niger, A. solani and Fusarium oxysporum. The results showed 
that the antifungal activity of chitosan depends on the particular type of fungus studied and 
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chitosan characteristics. The acetylation degree and molecular weight of chitosan had no effect 
on A. niger, but the inhibitory effect of chitosan against Fusarium oxysporum was dependent on 
molecular weight but not on acetylation degree.  

The effect of the incubation time on the antifungal activity of chitosan when incorporated 
into the medium of a final concentration of 3% against A. brasiliensis is shown in Figure 1. 
By using this method, the diameter of mycelia growth of the fungi treated with chitosan was 
significantly inhibited (P<0.05) in comparison to control samples. The results showed that the 
growth of the tested fungi was delayed by the addition of chitosan. 
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Figure 1. Effect of chitosan solutions incorporated into the culture medium on 
A. brasiliensis ATCC 16404. Error bars represent the standard deviation of the mean. 

 
Previous research studies (MÁRQUEZ & al., 2013 [17]) showed that chitosan interacts 

with the negatively charged residues of cell surfaces of microorganisms, leading to cell wall 
permeability and plasma membrane disruption.  

According to our results, the most effective method to inhibit the growth of A. 
brasiliensis from all the five tested methods was the one where chitosan was incorporated into 
the culture media.  

 
3.2. Antifungal activity of chitosan film 
Antifungal activity of chitosan film was determined by agar diffusion method when 

chitosan films were in direct contact with the tested fungi. This method is commonly used to 
examine the antifungal activity regarding the diffusion of the compound tested through water-
containing agar medium (TRIPATHI & al., 2009 [1]). The chemical structure of the chitosan 
film, its polarity, shape and size affects the antifungal activity through diffusion. In order to 
improve its mechanical properties, chitosan was mixed with glycerol, a plasticizer used for 
biodegradable films (LECETA & al., 2013 [18]). 

The antifungal effect of chitosan film was evaluated by assessing the degree of inhibition at 
the contact with the surface of the medium inoculated with A. brasiliensis. The results showed 
that chitosan films did not diffuse into the adjacent PDA medium. These films inhibited the 
growth of the tested fungi at the contact surface (fig. 2). The delayed or absent mycelial growth 
of A. brasiliensis can be attributed to the limited availability of oxygen. Likewise, ARANCIBIA 
& al. (2015) [19] reported that films of chitosan were active against Gram-positive and Gram-
negative bacteria through direct contact. It is assumed that chitosan films inhibit the growth of 
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microorganisms that are in direct contact with the active compounds of the film. This effect 
may be caused by the ability of chitosan to induce morphological changes in the cell wall 
structure and permeability of the membrane (MARTÍNEZ-CAMACHO & al., 2010 [16]). 
LECETA & al. (2013) [18] showed that chitosan films dried at room temperature had 
antimicrobial activity against Escherichia coli and Lactobacillus plantarum only under the film, 
but it didn’t inhibit the growth of these bacteria when the films were obtained by heat-treatment. 
Around the tested films there was no inhibition area on agar medium. 

 

    
Figure 2. Visual aspect of A. brasiliensis ATCC 16404fungus on PDA medium treated 

with chitosan film (left side) and control (right side). 
 
The results obtained in this study showed that chitosan films were more effective against 

the strain A. brasiliensis compared with chitosan solutions probably due to the fact chitosan 
films acts like an oxygen barrier, being a physical barrier and not permitting the growth of the 
fungus. Same results were obtained by ZIANI (2009) [12] and MARTÍNEZ-CAMACHO 
(2010) [16] who concluded that the antifungal activity of chitosan films against A. niger was 
more effective than the one observed for chitosan solutions. This could be the result of the 
synergism between the active compounds of chitosan and low permeability of films which 
limit the fungal growth.  

 
4. Conclusions  

The antifungal activity of chitosan depends on the chitosan formulation. None of the tested 
methods had a positive effect on the inhibition growth of A. brasiliensis, except the one in which 
chitosan was incorporated into the medium. Chitosan films exhibited effectiveness against the 
tested fungus compared with the chitosan solutions. Further research is needed to establish the 
chitosan mechanism of action against A. brasiliensis. In respect to food applications as a 
preservative to prevent the development of spoilage microorganisms and to extend the shelf life of 
food products, chitosan films can be a viable alternative in active packaging. 
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