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ABSTRACT 

The inhibitory activity of chitosan edible coatings was evaluated against fungus on minimally processed 
apples. Apples, cv. Gala (Malus domestica) were sliced and coated with an acidic formulation of 2.0 g/L 
chitosan concentration. Non-classified fungus (predominantly Penicillium sp. and Alternaria sp.) were 
used to contaminate the cut surfaces and infection extension assessed by means of image analysis. 
The results show the fungistatic activity of the chitosan with significant reduction on infected area and 
on the number of infected samples, (40% of chitosan-coated against 90% of non-protected fruits) 
along 10 days of storage time at 25oC. 
 

EFECTO FUNGISTÁTICO DE LA APLICACIÓN DE QUITOSANO SOBRE 
MANZANAS CORTADAS 

 
Palabras claves: quitosano, actividade antihongos, coberturas comestibles, manzanas cortadas. 
 

RESUMEN 
La actividad inhibitoria de revestimientos comestibles de quitosano ha sido evaluada contra hongos 
sobre manzanas mínimamente procesadas. Las manzanas han sido cortadas en rodajas y revestidas 
con solución ácida de quitosano en una concentración de 2% g/L. Hongos no clasificados 
(predominantemente Penicillium sp. y Alternaria sp) han sido usados para contaminar las superficies 
cortadas y la intensidad de las contaminaciones evaluadas por métodos de análisis de imágenes. Los 
resultados muestran una reducción significante del área infectada y del número de muestras 
contaminadas (40% para las revestidas contra 90% para las no revestidas) a lo largo de 10 días de 
almacenamiento. 
 
 
INTRODUCTION 
According to Barbosa-Cánovas et al., 2003, 
fruits and vegetables are some of the fastest-
growing sales within the food market, 
experiencing exponential growth in the past 
decade. In particular, the consumption of 
fresh-cut fruits is increasing enormously, 
reflecting a general consumer’s tendency to 
purchase most of them as “ready-to-eat” (often 
sliced) sorts at street retail shops and market 
places. The worldwide market for the 
“minimally processed” fruits is expected to 
continuously increase by nearly 30% per year 
(Cardwell, 2005).  

 
Fresh-cut fruits, however, present many 
technical problems since the damaged tissues 
spoil faster than sound ones. Also during 
peeling, cutting and shredding, the fruit’s 
surface is exposed to air and consequently to 
contamination by microorganisms. In most 
cases, processed fruits are considerable more 
perishable than the unprocessed intact raw 
products from which they originate. 
On these, the use of safe microorganism 
inhibitory agents which will not alter flavor and 
appearance nor produce other deleterious 
effect, is quite desirable. To this end, the 
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polysaccharide chitosan and its derivatives 
have been proposed as a potential material for 
edible coating usage with satisfactory 
preservative properties (Agulló et al., 2003, No 
et al., 2007). Chitosan is a natural polymer 
currently obtained by deacetylation of chitin, 
regarded as being the second most abundant 
renewable organic compound on earth (second 
to only cellulose) and found in crustacean 
shells, insect exoskeletons and plankton.  
Chitosan is a linear polymer, formed primarily 
of repeating units of beta (1-4) 2-amino-2-
deoxy-D-glucose which a structure similar to 
cellulose, present broad antimicrobial activity in 
conjunction with excellent film forming ability 
(Sudarshan et al., 1992).  
Chitosan coatings have been evaluated, for 
example, on carrots (Cheah et al., 1997), on 
mangos (Srinivasa, et al., 2002), on 
strawberries (Park et al., 2005) and on apples 
(Assis & Pessoa, 2004). Inhibitory activity has 
been observed for a broad range of 
concentrations upon several spoilage yeasts 
(Devlieghere et al., 2004). In this study cut 
apples are exposed to fungus contamination 
and the fungistatic effect of chitosan coating 
evaluated via image analysis. 
 
MATERIALS AND METHODS 

Chitosan coating 
Commercial chitosan of shrimp origin (Polymar, 
Brazil) was used. Such chitosan is a yellowish 
flaky material of medium to low molecular 
weight, with 70% or more deacetylated units.  
A gel was prepared by dispersing the chitosan 
in 100 mL distilled water whilst stirring on a 
magnetic stirrer at room temperature. Acetic 
acid (0.5 M) was added initially to adjust the 
pH to approximately 4.0. Solution at 2.0 g/l 
chitosan concentration was prepared and 
allowed to homogenize with moderate stirring 
until complete dissolution.  
Supermarket apples, cv. Gala (Malus 
domestica) were first sliced into two halves and 
then displayed separately in two groups of 20 
samples each. The first group underwent 
chitosan coating by direct dipped into the gel. 
Excess gel was allowed to drain off and the 
coating was then formed by drying at room 

temperature. The resultant coatings were 
highly transparent. 
 
Inoculum’s preparation 
Groups of 20 coated and 20 non-coated apple 
slices were put into a controlled temperature 
chamber (25 ± 0.5oC) where petri dishes (9 cm 
diameter) containing non-classified cultures of 
fungi (predominantly Penicillium sp. and 
Alternaria sp.) were equidistantly allocated 
amongst the samples, so as to allow 
spontaneous inoculation of the fruit slices by 
ambient contamination. The fungus was 
originally isolated from a decayed apple and 
the cultures prepared by growing on potato 
dextrose agar (PDA) at pH 5.5, according to 
Zhang and Han, 2003. 
 
Image capture 
Qualitative and quantitative analysis were 
performed using a commercial scanner (HP 
ScanJet 4C) for image capture. All cut surfaces 
were individually scanned twice a day. Images 
were 250% enlarged from the original with 512 
by 512-pixels resolution, each with a grayness 
(brightness) level ranging from 0 to 255. 
Images were recorded to allow monitoring of 
the samples, providing a visual history and 
track alterations on the sample surface by 
assessing the percentage blackness due to the 
fungus spreading, proportionally to each slice 
area.  
The acquired images were directly imported 
into the image processing software (Image 
Tool v. 3) and a threshold applied, i.e., binary 
transformed to remove debris and 
quantification was performed considering a two 
dimensional growth.  
The natural browning that takes place on the 
apple’s cut surface assumes different patterns 
and tones. These are easily identified, at least 
in the first 5-6 days in the scanned image, and 
not considered in the threshold area.  For more 
reliable results however, the threshold was set 
manually. We adopted the grayness level of 
130 for all captured images, as procedure 
described elsewhere (Assis et al., 2006). The 
infected area was then isolated and 
automatically estimated by pixel counting and 
numerically compared to each precedent data. 
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RESULTS AND DISCUSSIONS 
Fungi are filamentous microorganisms that 
grow as tubular cells extended by a vesicle 
based process of apical growth. The typical 
colonies are characterized by pellet 
morphology which is highly entangled, dense 
masses of hyphae. According to Cox et al. 
1998, the general structure of fungal pellets is 
a dense core showing gradual steps to a hairy 
external region. Such morphology allows an 
easy visual approach of microbial progressive 
spreading. 
By numerical assessment of the input images 
(automatically counting by the software) it is 
observed that the non-protected faces entail 
higher marked fungal growth and proliferation 
with time, as can be seen when comparing the 
evolution data as plotted in Figure 1. Infected 
samples were considered as those having at 
least 10% of the total scanned area identified 
as covered by fungus pattern. After 10 days of 
analysis, it was apparent that 90% non-
protected samples and 40% of chitosan-coated 
fruits slices were infected. 
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Figure 1 - Evolution of the number of infected 
samples during 10 days of storage, over a total of 
20 samples (chitosan coated and non-coated 
samples), according to numerical analysis of 
scanned surfaces (infected samples were 
considered as those having at least 10% of the 
total scanned area identified as covered by fungus 
pattern). 

 
A simple comparison of the evolution area in a 
same set of samples over a period reveals the 
kinetic tendency of the fungal growth. From 

Figure 2 it is clear that the rate of proliferation 
is faster for non-protected surfaces than to 
chitosan-coated surfaces, mainly in the first 1-4 
days of exposure to fungus. Such validate the 
fungistatic action of chitosan coating.  
The profile of the curves clearly approach to 
typical standard growth kinetics found in fungi, 
i.e., comprising lag (from 0 to 3 days), 
exponential (from 4 to 7 days), and stationary 
phases (over 8 days) in accordance with the 
literature (see for comparison the kinetics 
presented by Viniegra-Gonzalez, et al., 1993 
and Olsson, 2002).  
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Figure 2 - Proportion of infected area for sliced 
surfaces versus exposure time, as measured by 
image analysis. The error bar represents the 
standard deviation on 20 image acquisitions in each 
condition. 
 
The most accepted model for explaining 
antimicrobial activity of chitosan is related to 
the polycationic nature of the polysaccharide 
that can interact with anionic sites in proteins. 
 Such interaction is mediated by the 
electrostatic forces between the protonated 
NH2 groups in chitosan and the negative 
residues at cell surfaces. Such interaction 
interferes with fungal cell wall membranes 
causing alterations in the permeability of the 
membrane, promoting internal osmotic 
imbalances (Hadwiger et al. 1981; Tsai and Su, 
1999).  As summarized by Jung et al. (1999) 
the mechanisms behind the antimicrobial 
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activities of chitosan can be described as 
follows: (1) the positively charged amino 
groups on chitosan binds with sialic acid in 
phospholipids, consequently inhibiting the 
movement of microbial substances; (2) 
oligomeric chitosan penetrates into the cells of 
microorganisms and preventing the growth of 
cells by prohibiting the transcription of DNA 
into RNA (Rabea et al. 2003). The chitosan also 
activates chitinases, β-glucanases, and 
lipoxygenases, stimulating the generation of 
reactive oxygen species. The activation of such 
protective mechanisms inhibits the growth of 
taxonomically distinct pathogens of parasitic 
fungi. 
 
CONCLUSIONS 
 
From the results of the present work, the 
chitosan was successful in protecting sliced 
apples against fungus contamination. Chitosan 
when directed applied on cut surfaces (with no 
additives) has the potential to form invisible 
edible coatings with inhibitory activity on fungi 
development. Adequate application, however, 
requires additional knowledge of the factors 
that determine chitosan performance including 
the effects of pH, temperature, concentration, 
strain-specificity, etc. Anyway, chitosan may be 
considered as a good source for preservation 
of cut fruits in substitution to conventional 
antifungal agents. 
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