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Abstract

In the present chapter, results about the efficacy of chitosan (Chi) on sporulation, myce-
lial growth, germination, as well as quality parameters on fruits are shown. The results 
demonstrate that chitosan can control various phytopathogen isolates from diverse 
fruits. The pathogens in the genera Colletotrichum, Fusarium, and Rhizopus are involved 
in important postharvest disease losses throughout the world. In Nayarit, producers had 
reported high postharvest losses not only at field but also during the commercial chain 
with their products, besides the resistance of several pathogens to fungicides, which 
traditionally are applied for controlling diseases. In this sense, the aim of this research 
group is focused on the research of alternative and effective methods for controlling post-
harvest diseases. In vivo results are promising due to a good control in important tropical 
fruits like banana, avocado, mango, and jackfruit. An enhancement in the chitosan anti-
microbial activity is reported with the combination with GRAS substances, as well as the 
use of nanotechnology. Chitosan can be an environment-friendly alternative to the use of 
chemical fungicides for controlling postharvest diseases in fruits.
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1. Introduction

Mexico is an important exporter of fruits worldwide [1]. However, important postharvest 
losses have been reported. In this sense, postharvest diseases represent a major factor of losses 
during storage and shelf life of produce, due to the deterioration of quality and microbial 
contamination [2]. In many countries traditionally, postharvest decay control is obtained 
using chemical fungicides, but nowadays consumers are concerned about food safety and 
environmental issues [3]. The use of antimicrobial packaging can be effective during the stor-
age period, handling, or transport of fruits [4]. In recent years, various investigations have 
reported the efficacy of the application of chitosan (Chi) in the control of postharvest patho-
genic microorganisms, due to the diverse properties like the ability to form films, biodegrad-
ability, antimicrobial properties, and the elicitor function [5]. Chitosan has become a useful 
compound due to its fungicidal effect and its induction of plant defense mechanisms for con-
trolling postharvest diseases of fruit and vegetables [6]. In a previous study, chitosan was 
applied successfully on strawberry (Fragaria x ananassa); the coating decreased the respiratory 
rate, reduced water losses, as well as preserved the firmness during storage time on treated 
fruit [7]. Besides, previous studies reported resistance-inducing properties of chitosan in the 
form of defense responses (enzymes POD, PPO, and PAL) in fruits [8]. The objective of this 
chapter article was to summarize information about the application of chitosan with other 
alternative methods, including GRAS substances and the use of nanotechnology, against 
important fungi that affect tropical and subtropical fruits.

1.1. Fruits and vegetables

1.1.1. Health issues

Nowadays, an interest in the health benefits of fruit and vegetable consumption is increasing. 
The easy consumption, the good taste, and the nutritional value of fresh fruits and vegetables 
are important characteristics that have allowed consumers to be more aware about the bene-
fits of a healthy diet. The consumption of fruits and vegetables contributes to the wellness and 
nutritional health of consumers, due to their high content of phytochemicals as well as other 
components that may act synergistically with phytochemicals (ascorbic acid, carotenoids, and 
phenolic compounds) [9].

1.1.2. Production

Worldwide, the main tropical fruit producers and export countries are the Far East, Latin 
America, and the Caribbean, most of which are developing countries, while a high percent-
age of developed countries are importers of these fruits. The main tropical fruits for exporta-
tion are mango, pineapple, papaya, and avocado, which represent approximately 75% of the 
exportation of fresh tropical products [10]. The postharvest losses of fruits and vegetables 
caused by microorganisms worldwide are of the order of 5–25% in developed countries and 
20–50% in developing countries; in developed countries they have technologies that allow to 
diminish or avoid the attack of microorganisms.
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1.1.3. Postharvest losses

The main causes of quantitative postharvest fruit losses are classified as crop and harvest prac-
tices, availability and conditions of transport, pests and infections, climatic conditions, con-
sumer preferences and attitudes, infrastructure, as well as financial availability of the markets 
[11]. Fruits can be infected at field or during the postharvest management [12]. Diseases are 
the principal cause of postharvest losses in tropical and subtropical fruits; anthracnose is the 
main postharvest disease in various tropical fruits caused by Colletotrichum gloeosporioides [13].

1.2. Chitosan: origin, structure, and antimicrobial properties

Chitosan is a polysaccharide derived from chitin, which is the second most abundant poly-
saccharide in the world, after cellulose [14]. Chitin is a polysaccharide of animal origin and is 
the main constituent of the outer skeleton of insects and crustaceans like shrimp, crabs, and 
lobster [15]. Chitosan is the N-deacetylated derivative of chitin [16]. The molecular weight of 
chitosan ranged between 300 and 1000 kDa depending on the source of chitin. Chitosan is a 
copolymer of N-acetyl-D-glucose amine and D-glucose amine as shown in Figure 1.

Important chemical properties of chitosan are as follows: linear polyamine, reactive amino 
groups, reactive hydroxyl groups available, and chelates metal ions, specially transition met-
als. Between the biological properties of the chitosan, the most important one is the biocom-

patibility (natural, biodegradable, safe, and nontoxic) [17]. Various mechanisms of action 
have been proposed; however, this process is not fully understood. It is important to men-
tion that the antimicrobial activity of the chitosan on pathogenic microorganisms depends 
on different factors like the strain, molecular weight, concentration, degree of deacetylation, 
and type of chitosan, among others [5]. The interaction of chitosan with the microorganism 

Figure 1. Chemical structure of chitosan.
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results in different changes: (a) changes on cell permeability, due to the polycationic nature 
of the chitosan amino group and the electronegative charges in the outer surface of the fungal 
or bacteria membrane [18]; (b) affectation on homeostasis (K+, Ca2+), leading to the efflux of 
small molecules affecting fungal respiration [19]; (c) microbial starvation, when chitosan acts 
as chelating agent of metals and essential nutrients affecting microbial development [20]; and 
(d) inhibition on synthesis of mRNA and proteins, related to their ability to pass through the 
cell membrane of a microorganism and subsequently bind to DNA [21].

1.2.1. Effects of the antifungal activity of chitosan in the control of postharvest pathogens 
isolated from various fruits

Chitosan is considered one of the most promising products for the control of several impor-

tant postharvest fungi in fruits and vegetables [22–25]. In vitro tests used a completely ran-

domized block design. Data were subjected to analysis of variance (ANOVA), and a Tukey 
test (p ≤ 0.05) was used for the comparison of means. In our research, the molecular weight 
of chitosan as well as the concentration used plays an important role in antifungal efficacy 
against the pathogens tested. Several factors influence the antimicrobial activity of chitosan; 
among them are the type of chitosan and the concentration [21]. It is reported that the anti-
microbial activity of chitosan also depends of the molecular weight, is better when chitosan 
of low molecular weight and oligochitosan instead of high molecular weight chitosan is 
applied. In this sense, high molecular weight chitosan cannot pass through the microbial 
membrane and acts against microbial development [21]. Concerning to the efficacy of chito-

san at different concentrations is reported that at lower concentrations, chitosan binds cell 
surface of microorganisms (negatively charged), disturbing the cell membrane, and causes 
death of microbial cell by leakage of the intracellular components; however, at higher con-

centrations, chitosan may coat the microbial surface and prevent the leakage of intracellular 
components [21].

1.2.1.1. Mycelial growth

The application of chitosan (Chi) at 1.0, 1.5, and 2.0% was effective against the pathogen 
Colletotrichum sp. isolated from banana (Musa paradisiaca), 100% of mycelial growth inhibition 
was observed (p ≤ 0.05). Conversely, for the pathogen of Fusarium sp. isolated from banana, 
higher concentrations of the chitosan (1.5 and 2%) were applied to obtain a good inhibition 
(93.2 and 100%, respectively (p ≤ 0.05)) (Figure 2) [26]. In a study, against Colletotrichum sp. 
isolated from banana (Musa sapientum), different concentrations where applied (1.0, 1.5 and 
2.0%) obtaining a 78.94, 92.1, and 98.68%, respectively (p ≤ 0.05). Conversely, with the appli-
cation of chitosan at 0.5%, only 49% of growth inhibition of Colletotrichum sp. was obtained 
(p ≤ 0.05) [27].

As shown on Figure 2, Colletotrichum gloeosporioides T147 isolated from avocado (Persea ameri-

cana mill.) c.v. Hass was successfully inhibited as the concentration of chitosan increased, 
and the percentage of inhibition ranged from 88.85 to 92.97% (p ≤ 0.05) [28]. In a recent 
study, the ability of chitosan-pepper tree (Schinus molle) essential oil biocomposites against 
Colletotrichum gloeosporioides was evaluated (data not shown) [29]. In this study, an important 
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inhibitory effect on the viability of Colletotrichum gloeosporioides increased proportionally to 
the used concentration; the authors concluded that the antifungal activity of the biocom-

posites against the pathogen can be associated to a synergic effect between the chitosan and 
pepper tree essential oil. The principal mechanism of pepper tree (Schinus molle) essential oil 
acts against the cytoplasmic membrane, causing it to lose its integrity by assisting the chito-
san to enter the interior of the cell. This leads to dissipation of the proton-motive forces and 
the inhibition of the respiratory enzymes responsible for the cell wall synthesis; this in turn 
inhibits spore germination and germ tube elongation [30]. Good results were obtained with 
the application of chitosan at 1.0 and 1.5% against Colletotrichum gloeosporioides LSC-120 iso-
lated from soursop (Annona muricata L.); up to 90% was achieved using 1.5% of the chitosan 
(p ≤ 0.05), whereas this strain was not totally controlled in vitro at low concentrations tested 
(0.1 or 0.5%) [31]. Similar results were obtained in a study with Alternaria alternata isolated 
from mango (Mangifera indica L.) c.v. Tommy Atkins; chitosan treatments at 0.05, 0.1, 0.5, and 
1.0% inhibited the mycelial growth of the pathogen by 11.5, 23.1, 55.0, and 70.0%, respectively 
(p ≤ 0.05) [32]. Rhizopus sp. isolated from jackfruit (Artocarpus heterophyllus L.) was controlled 
(up to 98% (p ≤ 0.05)) with the application of chitosan in combination with H

2
O

2
 (peroxide 

hydrogen) in vitro tests (Figure 3A). Synergistic effects were reported with the combinations 
of chitosan with potassium sorbate or H

2
O

2
. The pathogen only was totally inhibited with 

the combinations of potassium sorbate and chitosan at high concentrations of the treatments 
(Figure 3B) [33].

Figure 2. Inhibition of the mycelial growth of pathogens isolated from various fruits by applying chitosan at different 
concentrations. Control, sterile distilled water; chi, chitosan; −----, concentration not analyzed.
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1.2.1.2. Sporulation

In a study with fungus isolated from banana (Musa paradisiaca), only the application of chi-
tosan at concentrations of 1.0% the strains of Colletotrichum sp. and Fusarium sp. showed a 
decrease in the final concentration of spores [26]. For the fungus of Fusarium sp. isolated from 
banana (Musa sapientum), chitosan treatments of 0.5 and 1.0% showed a decrease on the final 
concentration of the spores, and this process was totally inhibited applying concentrations 
of 1.5 and 2.0% of chitosan (Table 1) [27]. In the same way, Colletotrichum gloeosporioides T147 
isolated from avocado (Persea americana mill) c.v. Hass and Annona muricata L. was success-

fully inhibited using concentrations of chitosan at 1.5 and 2.0% and 1.0 and 1.5%, respec-

tively [28, 31]. Chitosan at concentrations of 0.5, 1.0, and 1.5% in combination with H
2
0

2
 at 0.5, 

1.0, and 1.5% affected the development of the spores; this may be due to a synergistic effect 
between the mechanisms of actions of both compounds that affect the sporulation conditions 
of the pathogens. The application of combinations of chitosan and H

2
0

2
 at concentrations 

greater than 0.5% decreased the final concentration of the spores of Rhizopus sp. isolated from 

Figure 3. Effect of the interactions of chitosan, hydrogen peroxide, potassium sorbate, and/or sodium bicarbonate 
at different concentrations in the inhibition of mycelial growth of Rhizopus sp. isolated from jackfruit (Artocarpus 

heterophyllus L.). (A) Arciniega-Castro (2014) and (B) Coronado-Partida (2015). Control, sterile distilled water; chi, 
chitosan; H

2
O

2
, hydrogen peroxide; PS, potassium sorbate; SB, sodium bicarbonate.
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jackfruit (Artocarpus heterophyllus L.) [33]. The use of chitosan in combination with H
2
O

2
 was 

effective to reduce the spore’s production of Rhizopus sp. isolated from jackfruit (Artocarpus 

heterophyllus L.) (Table 2) [34]. In the same sense, the synergistic effect was also evidenced 
with the use of organic salts (potassium sorbate and sodium bicarbonate) applied at different 
concentrations with chitosan, obtaining good results on sporulation as shown in Table 2 [33].

Treatments SoursopRamos-

Guerrero (2012)

AvocadoAnaya-

Carrillo (2013)

BananaHernández-Ibañez 

(2011)

BananaOchoa-Jiménez (2010)

C. 
gloeosporioides

C. 
gloeosporioides

Colletotrichum 
sp.

Fusarium 
sp.

Colletotrichum 
sp.

Fusarium sp.

Control 3.4 × 106 a 4.0 × 107 a 2.5 × 107 a 9.9 × 107 a 3.8 × 107 a 2.8 × 107 a

0.5% Chi 2.2 × 106 b 3.6 × 107 b 1.0 × 107 b 7.7 × 107 b 1.5 × 107 b 8.7 × 106 b

1.0% Chi 1.4 × 106 c 2.0 × 107 c 6.4 × 106 c 5.0 × 106 c 1.1 × 107 b 2.7 × 106 c

1.5% Chi 1.2 × 106 c 2.2 × 107 c 3.8 × 106 d 2.9 × 106 d 6.0 × 106 d 0 d

2.0% Chi --- 2.2 × 107 c 1.8 × 105 e 3.3 × 105 e 3.7 × 106 c 0 d

The values with different letters in columns are significantly different (Tukey’s honestly significant difference; p ≤ 0.05). 
Control = Sterile distilled water; Chi = Chitosan; --- = not determined.

Table 1. Effect of chitosan at different concentrations on the sporulation of different pathogens isolated from different 
fruits.

Treatments Jack fruitArciniega-Castro 

(2014)

Treatments Jack fruitCoronado-Partida 

(2015)

Rhizopus sp. Rhizopus sp.

Control 4.75 × 106 a Control 1.4 × 108 a

0.5% Chi—0.5% H
2
0

2
4.3 × 104 f 0.1% Chi—1.0% PS 0 e

0.5% Chi—1.0% H
2
0

2
2.83 × 105 b 0.5% Chi—1.0% PS 0 e

0.5% Chi—1.5% H
2
0

2
0 g 1.0% Chi—1.0% PS 0 e

1.0% Chi—0.5% H
2
0

2
8.5 × 104 d 0.1% Chi—1.5% SB 3.6 × 107 b

1.0% Chi—1.0% H
2
0

2
1.0 × 105 c 0.5% Chi—1.5% SB 2.0 × 107 c

1.0% Chi—1.5% H
2
0

2
0 g 1.0% Chi—1.5% SB 1.2 × 107 d

1.5% Chi—0.5% H
2
0

2
6.6 × 104 e --- ---

1.5% Chi—1.0% H
2
0

2
1.0 × 105 c --- ---

1.5% Chi—1.5% H
2
0

2
0 g --- ---

The values with different letters in columns are significantly different (Tukey’s honestly significant difference; p ≤ 0.05). 
Control = Sterile distilled water; Chi = Chitosan; H

2
O

2
 = Hydrogen peroxide; PS = Potassium sorbate; SB = Sodium 

bicarbonate.

Table 2. Synergistic effect between chitosan, hydrogen peroxide, potassium sorbate and/or sodium bicarbonate at 
different concentrations on the sporulation of Rhizopus sp isolated from jackfruit (Artocarpus heterophyllus L.).
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1.2.1.3. Spore germination

Promising results have been obtained in different investigations on Colletotrichum sp. (banana) 
and Fusarium sp. (banana), with the total inhibition on germination applying chitosan  
at different concentrations (0.5, 1.0, 1.5, and 2.0%) [26, 27]. Conversely, at concentrations of 
0.5 and 1.0%, only 50% of the inhibition was obtained (p ≤ 0.05) against Colletotrichum gloeo-

sporioides T147 isolated from avocado (Persea americana mill.) c.v. Hass [28]. Good results 
were reported by Chávez-Magdaleno and Luque-Alcaraz [29] with the application of bio-

composites of chitosan loaded with essential oils against Colletotrichum gloeosporioides T147, 
reporting up to 95% of inhibition on spore development (p ≤ 0.05). Phytopathogens isolated 
from soursop (Colletotrichum gloeosporioides LSC-120), mango (Alternaria alternata), and jack-

fruit (Rhizopus sp.) were successfully controlled by the application of chitosan alone or in 
combination with organic salts [31–34].

1.2.2. Effects of the application of chitosan on postharvest disease control in fruits

The use of chitosan as a coating on fresh fruits is a real alternative on the control of posthar-

vest diseases. An important biological function of the chitosan is like an inducer of defense 
mechanisms in fruit and vegetable products, causing a reduction and/or inhibition of the 
development of diseases [35–37]. Besides, the application of chitosan with other natural meth-

ods of biological control and nanoparticles is another promising alternative for controlling 
postharvest diseases [38]. Chitosan nanoparticles can improve the antimicrobial activity, 
which is associated with the position of the amino groups favoring the binding to the cell sur-

face and an alteration with the normal functions of the membrane, thus inhibiting the growth 
of the pathogen [16]. There are several studies on the application of chitosan alone or in com-

bination with natural methods such as resistance inducer or as a disease control agent [33, 34, 

39, 40]. The analysis of disease incidence, severity, and quality parameters used a completely 
randomized block design. Data were subjected to analysis of variance (ANOVA), and a Tukey 
test (p ≤ 0.05) was used for a means of comparison.

1.2.2.1. Disease incidence and severity

In a study on banana fruits Musa paradisiaca and Musa sapientum, a total inhibition on 
infected fruits with Colletotrichum sp. and Fusarium sp. were reported with the application 
of chitosan at 1.5% compared to control (80% of incidence) [26, 27]. Related to severity, con-

trol fruits presented a damage around the crown on bananas; conversely, fruits treated do 
not present visible damage (Figure 4A, B). As shown in Figure 4, the absence was reported 
on avocado fruits c.v. Hass treated with chitosan (1.5%) and inoculated with Colletotrichum 

gloeosporioides T147. The application of biocomposites of chitosan-pepper tree (Schinus molle) 
essential oil in avocado fruits (Persea americana mill.) c.v. Hass infected with Colletotrichum 

gloeosporioides successfully controlled anthracnose disease in a preventive and curative way 
(Figure 5) [39]. In a study on soursop fruits (Annona muricata L.) artificially and naturally 
infected with Colletotrichum gloeosporioides LSC-120, a total control was obtained by the 
application of chitosan at 1.0% (Figure 6) [31]. The combination of chitosan with peroxide 
and GRAS substances in jackfruit (Artocarpus heterophyllus L.) was effective in inhibiting the 
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development of soft rot disease by Rhizopus sp. The application of 1.0% Chi–1.0% H
2
O

2
 in 

jackfruit inoculated with the pathogen was able to totally inhibit the development of soft 
rot (Figure 7A) [34]. In other studies, the application of chitosan with potassium sorbate 
(SP) or sodium bicarbonate (BS) in jackfruit (Artocarpus heterophyllus L.) was effective for 
controlling the development of Rhizopus sp. The combination of 1.0% Chi–1.0% SP with 
and without inoculation of Rhizopus sp. fruits does not present the presence of infection 
(Figure 7B) [33]. Conversely, with the use of BS with chitosan, only 10% of severity reduc-

tion was obtained (p ≤ 0.05). It is concluded that the combination of chitosan with SP can be 
an alternative to control Rhizopus sp. infection in jackfruit. The principal mode of action of 
the bicarbonate ion is through its buffering capacity, whereby an alkaline environment is 
sustained, and inhibition of microorganisms occurs due to the use of energy from microbial 
cells to produce an acidic environment [41]. The antimicrobial activity of potassium sorbate 
is associated to an alteration of the activity of Krebs cycle enzymes as well as the integrity 
of cell membranes [42]. The effective conditions for the control of diseases were for bananas 
Musa paradisiaca (15°C) and Musa sapientum (25°C), and avocado (Persea americana mill.) is 
1.5% chitosan with 90–95% of relative humidity. For fruits of soursop (Annona muricata L.) 

Figure 4. Crowns of banana fruits with 1.5% chitosan with and without inoculation of Colletotrichum sp. or Fusarium 

sp., on days 9 and 4 of storage. (A) Banana (Musa paradisiaca) stored at 15°C and (B) banana (Musa sapientum) stored at 
25°C. Control, sterile distilled water; chi, chitosan.
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and jackfruit (Artocarpus heterophyllus L.), the effective concentration was 1.0% chitosan at 
20°C with 90–95% of relative humidity.

The efficacy of chitosan for controlling postharvest diseases depends not only on its antimicrobial 
properties. Romanazzi and Sanzani [43] reported that the arrays of defense mechanisms are acti-
vated in fruits exposed to biotic or abiotic stress, including chitosan application with or without  
inoculation of the pathogen. Chitosan induces the synthesis of phenolic compounds (chloro-

genic acid, caffeic acid) and hydrolase antifungal enzymes (chitinases and β-(1,3)-glucanases) 
that hydrolyze the main components of the cell wall of fungi causing inhibition of their growth 
[44]. On the other hand, chitosan coating can serve not only as a protective barrier to fungal 
infection but also as a barrier to gaseous exchange affecting the fungal development on fruits.

1.2.2.2. Quality parameters

1.2.2.2.1. Weight loss

The ability of chitosan to form coatings is well documented; this property is useful to preserve 
the quality of fruits and vegetables. Chitosan applied at 1.5% on banana fruits was useful to 
avoid water losses compared to control [26]. The same concentration of chitosan was effective on 
bananas (Musa sapientum) with lower water losses on fruits compared to control (Table 3) [27]. 

Figure 5. Avocado fruits (Persea americana mill.) c.V. Hass coated with chitosan nanoparticles and chitosan-pepper tree 
essential oil with and without inoculation of Colletotrichum gloeosporioides T147 for 10 days at 25°C. Control, sterile 
distilled water; chi, chitosan, NPs, nanoparticles.
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The ability to maintain the quality of fruits at different temperatures has been reported also for 
mango fruits (Mangifera indica L.) c.v. Tommy Atkins treated with chitosan at 1.0% and stored at 
12°C. In the same sense, fruits treated with 1.0% chitosan and stored at 25°C showed the highest 
weight loss (10.5%) [32]. Novel formulations of chitosan like the use of nanoparticles have been 
applied with good results with the application of treatments (2.4%) compared to control (12.3%) 
[39]. The decreased weight loss in fruits is due to the presence of chitosan coating on the surface 
of the fruit, acting as a physical barrier to moisture loss and therefore delaying dehydration [45].

1.2.2.2.2. Firmness, pH, and total soluble solids

The loss of firmness is a factor that affects the quality of the fruits. In fruits of soursop (Annona 

muricata L.) treated with chitosan, at the end of the evaluation, fruits had a greater firmness 
(25 N) compared to control fruits (6.4 N) (p ≤ 0.05). The total soluble solids (TSS) of the sour-
sop fruits treated with 1.0% of chitosan and control showed a continuous increase (10–18% 
(p ≤ 0.05)), and in the case of pH, in fruits treated with 1.0% of chitosan, an increase during 
storage was obtained, with a pH ranging from 3.49 to 4.10 (p ≤ 0.05) [31]. The coating formed in 
banana fruits (Musa paradisiaca) by chitosan (1.5%) maintains the losses of firmness compared 
to control (data not shown). The concentration used on fruits does not affect the TSS, pH, and 
titratable acidity [26]. Mango fruits treated with 1.0% of chitosan no significant changes on TSS, 
pH, and titrable acidity were reported. The use of chitosan nanoparticles resulted effectively to 

Figure 6. Anthracnose severity in soursop fruits treated with chitosan, inoculated or not with C. gloeosporioides LSC-120, 
and stored 20°C for 9 days. Control, sterile distilled water; chi, chitosan.
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Fruits Temperature Treatments % Weight loss

Banana (Musa paradisiaca) 15°C Control 8 ± 0.23ª

1.5% Chi 2 ± 0.12b

Banana (Musa sapientum) 25°C Control 9.8 ± 0.34ª

1.5% Chi 8 ± 0.47ª

Mango (Mangifera indica L.) c.v. Tommy Atkins 12°C Control 5 ± 0.25ª

1.0% Chi 3 ± 0.39b

25°C Control 15 ± 0.5ª

1.0% Chi 10.5 ± 0.46b

Soursop (Annona muricata L.) 20°C Control 18 ± 0.7ª

1.0% Chi 13.3 ± 0.55b

Avocado (Persea americana mill.) c.v. Hass 25°C Control 12.3 ± 0.5ª

NPs Chi 2.4 ± 0.43b

NPs – Chi - P 1.5 ± 0.51b

Data are means ± standard deviation. The values with different superscripts are significantly different (Tukey’s honestly 
significant difference; p ≤ 0.05). Control = Sterile distilled water; NPs = Nanoparticles; Chi = Chitosan, P: Pepper tree 
essential oil.

Table 3. Weight loss of fruits at different temperatures treated with chitosan.

Figure 7. Severity of soft rot infection in jackfruit (Artocarpus heterophyllus L.) treated with the combination of chitosan, 
potassium sorbate, and sodium bicarbonate inoculated with Rhizopus sp. at 25°C. (A) Arciniega-Castro (2014) and (B) 
Coronado-Partida (2015). Control, sterile distilled water; chi, chitosan; H

2
O

2
, hydrogen peroxide; PS, potassium sorbate; 

SB, sodium bicarbonate.
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maintain firmness (29 N) on avocado fruits (Persea americana mill.) c.v. Hass compared to control 
(15 N) (p ≤ 0.05) [39]. In terms of firmness, it decreases as maturation progresses due to changes 
occurring at the level of the cell wall, where there is hydrolysis of the pectic compounds due 
to the action of the enzymes cellulase, pectin methylesterase, and polygalacturonase, which in 
turn degrade high molecular weight polymers such as cellulose and hemicellulose [46]. The 
coating of chitosan at different concentrations on fruits does not change the quality parameters 
(TSS, pH, and titratable acidity). This may be due to the fact that chitosan does not interfere in 
the metabolism cycles (synthesis of sugars, synthesis of organic molecules) [47].

2. Conclusions

The use of chitosan in agriculture commodities can be a suitable alternative to the use of fun-

gicides for controlling postharvest diseases, as well as to preserve the quality of fruits.

Acknowledgements

The authors are pleased to thank SAGARPA-CONACYT for funding the project (number 
291472 -2017-2102).

Conflict of interest

Replace the entirety of this text with the “conflict of interest” declaration.

Author details

Porfirio Gutierrez-Martinez1,2*, Aide Ledezma-Morales1,2, Luz del Carmen Romero-Islas1,2,  

Anelsy Ramos-Guerrero1,2, Jovita Romero-Islas1,2, Carolina Rodríguez-Pereida1,2, 

Paloma Casas-Junco1,2, Leonardo Coronado-Partida1,2 and Ramsés González-Estrada1,2

*Address all correspondence to: pgutierrez@ittepic.edu.mx

1 Tecnológico Nacional de México, Mexico City, Mexico

2 Laboratorio Integral de Investigación en Alimentos, Biochemical Engineering Department, 
Instituto Tecnológico de Tepic, Tepic, Mexico

References

[1] SAGARPA. Secretaría de agricultura, ganadería, desarrollo rural, pesca y alimentación; 
2015

Antifungal Activity of Chitosan against Postharvest Fungi of Tropical and Subtropical Fruits
http://dx.doi.org/10.5772/intechopen.76095

323



[2] Mari M, Bautista-Baños S, Sivakumar D. Decay control in the postharvest system: Role of 
microbial and plant volatile organic compounds. Postharvest Biology and Technology. 
2016;122:70-81

[3] González-Estrada RR et al. Antimicrobial soy protein based coatings: Application 
to Persian lime (Citrus latifolia Tanaka) for protection and preservation. Postharvest 
Biology and Technology. 2017;132:138-144

[4] Van Long NN, Joly C, Dantigny P. Active packaging with antifungal activities. Inter-
national Journal of Food Microbiology. 2016;220:73-90

[5] Bautista-Baños S et al. Chitosan: A versatile antimicrobial polysaccharide for fruit 
and vegetables in postharvest–A review. Revista Chapingo Serie Horticultura. 2017; 
23(2):103-121

[6] Romanazzi G et al. Shelf life extension of fresh fruit and vegetables by chitosan treat-
ment. Critical Reviews in Food Science and Nutrition. 2017;57(3):579-601

[7] Gol NB, Patel PR, Rao TR. Improvement of quality and shelf-life of strawberries 
with edible coatings enriched with chitosan. Postharvest Biology and Technology. 
2013;85:185-195

[8] Al-Qurashi AD, Awad MA. Postharvest chitosan treatment affects quality, antioxidant 
capacity, antioxidant compounds and enzymes activities of ‘El-Bayadi’ table grapes after 
storage. Scientia Horticulturae. 2015;197:392-398

[9] Yahia EM. Fruit and Vegetable Phytochemicals: Chemistry and Human Health. Vol. 2. 
Newark: John Wiley & Sons; 2017

[10] FAO. Food and Agriculture Organization of the United Nations. Tropical fruits. 2017. 
http://www.fao.org/docrep/006/y5143e/y5143e1a.htm. [Last accessed: 1/15/2018]

[11] Aulakh J, Regmi A. Post-Harvest Food Losses Estimation-Development of Consistent 
Methodology. Rome: FAO; 2013

[12] El-Ghaouth A et al. Biological control of postharvest diseases of fruits and vegetables. 
In: Khachatourians GG, Arora DK, editors. Applied Mycology and Biotechnology. Vol 2. 
Agriculture and Food Production. Elsevier Science B.V. 2002. pp. 219-238

[13] Droby S et al. Postharvest pathology of tropical and subtropical fruit and strategies for 
decay control. Postharvest Biology and Technology of Tropical and Subtropical Fruits. 
2011;1:194-223

[14] Ibrahim H, El-Zairy E. Chitosan as a biomaterial—structure, properties, and electros-

pun nanofibers. In: Bobbarala V, editor. Concepts, Compounds and the Alternatives of 
Antibacterials. Rijeka: Intech; 2015

[15] Goy RC, Britto DD, Assis OB. A review of the antimicrobial activity of chitosan. Polí-
meros. 2009;19(3):241-247

[16] Kumar MNR. A review of chitin and chitosan applications. Reactive and Functional 
Polymers. 2000;46(1):1-27

Chitin-Chitosan - Myriad Functionalities in Science and Technology324



[17] Rinaudo M. Chitin and chitosan: Properties and applications. Progress in Polymer 
Science. 2006;31(7):603-632

[18] Palma-Guerrero J et al. Membrane fluidity determines sensitivity of filamentous fungi to 
chitosan. Molecular Microbiology. 2010;75(4):1021-1032

[19] Peña A, Sánchez NS, Calahorra M. Effects of chitosan on Candida albicans: Conditions 
for its antifungal activity. BioMed Research International. 2013;2013:1-15

[20] Wang X et al. Chitosan-metal complexes as antimicrobial agent: Synthesis, characteriza-
tion and structure-activity study. Polymer Bulletin. 2005;55(1):105-113

[21] Hosseinnejad M, Jafari SM. Evaluation of different factors affecting antimicrobial prop-
erties of chitosan. International Journal of Biological Macromolecules. 2016;85:467-475

[22] El Ghaouth A et al. Antifungal activity of chitosan on post-harvest pathogens: Induction 
of morphological and cytological alterations in Rhizopus stolonifer. Mycological 
Research. 1992;96(9):769-779

[23] Reddy MB et al. Effect of chitosan on growth and toxin production by Alternaria alter-
nata f. Sp. lycopersici. Hortscience. 1997;32(3):467-468

[24] Ben-Shalom N et al. Controlling gray mould caused by Botrytis cinerea in cucumber 
plants by means of chitosan. Crop Protection. 2003;22(2):285-290

[25] Hirano S, Nagao N. Effects of chitosan, pectic acid, lysozyme, and chitinase on the growth 
of several phytopathogens. Agricultural and Biological Chemistry. 1989;53(11):3065-3066

[26] Hernández–Ibáñez A. Efecto del quitosano sobre el control de la pudrición de la corona 
e inducción de genes de defensa en plátano (Musa paradisiaca) C.V. enano gigante. 
Tepic, México: Instituto Tecnológico de Tepic; 2011

[27] Ochoa-Jiménez VA. Efecto del quitosano en la inducción de Resistencia a Fusarium sp. 
y Colletotrichum sp. en frutos de plátano (musa sapientum). Nayarit, México, Tepic: 
Instituto Tecnológico de Tepic; 2010

[28] Anaya-Carrillo M. Efecto del quitosano en el control de Colletotrichum sp. de frutos de 
aguacate (Persea americana mill) c.v. Hass del estado de Nayarit. Nayarit, México, Tepic: 
Instituto Tecnológico de Tepic; 2013

[29] Chávez-Magdaleno ME et al. Effect of chitosan-pepper tree (Schinus molle) essential oil 
biocomposites on the growth kinetics, viability and membrane integrity of Colletotrichum 
gloeosporioides. Revista Mexicana de Ingeniería Química. 2017;17(1):29-45

[30] Mari M, Bautista-Baños S, Sivakumar D. Decay control in the postharvest system: Role of 
microbial and plant volatile organic compounds. Postharvest Biology and Technology. 
2016;122:70-81

[31] Ramos-Guerrero A. Evaluación del quitosano como un sistema alternativo en el control 
postcosecha de Colletotrichum sp. en frutos de guanábana (Annona muricata). Nayarit, 
México, Tepic: Instituto Tecnológico de Tepic; 2012

Antifungal Activity of Chitosan against Postharvest Fungi of Tropical and Subtropical Fruits
http://dx.doi.org/10.5772/intechopen.76095

325



[32] López-Mora LI et al. Evaluación de la actividad antifúngica del quitosano en Alternaria 
alternata y en la calidad del mango ‘Tommy Atkins’ durante el almacenamiento. Revista 
Chapingo Serie horticultura. 2013;19(3):315-331

[33] Coronado-Partida LD. Efecto del Quitosano y sustancias GRAS en el control postcosecha 
de Rhizopus sp. y en la inducción de la actividad enzimática de la Peroxidasa (POD) y 
Polifenoloxidasa (PFO) en frutos de jaca (Artocarpus heterophyllus L.). Nayarit, México, 
Tepic: Instituto Tecnológico de Tepic; 2015

[34] Arciniega-Castro PR. Análisis de la interacción de dos inductores de resistencia en fru-

tos de Jaca (Artocarpus heterophyllus L.) ante la enfermedad por Rhizopus sp. Nayarit, 
México, Tepic: Instituto Tecnológico de Tepic; 2014

[35] Bautista-Baños S, Barrera-Necha L. Tecnologías empleadas en el control de las enferme-

dades postcosecha de los productos hortofrutícolas. Memoria de investigación; 2001. 
pp. 111-118

[36] Meng X et al. Physiological responses and quality attributes of table grape fruit to 
chitosan preharvest spray and postharvest coating during storage. Food Chemistry. 
2008;106(2):501-508

[37] Chien P-J, Sheu F, Lin H-R. Coating citrus (Murcott tangor) fruit with low molecu-

lar weight chitosan increases postharvest quality and shelf life. Food Chemistry. 
2007;100(3):1160-1164

[38] Bautista-Baños S et al. Quitosano: Una alternativa natural para reducir microorganis-

mos postcosecha y mantener la vida de anaquel de productos hortofrutícolas. Revista 
Iberoamericana de tecnología postcosecha. 2005;7(1):1-6

[39] Chávez-Magdaleno ME. Síntesis y caracterización de nanopartículas de quitosano, 
complejo quitosano-pirul y su efecto sobre Colletotrichum gloeosporioides en frutos de 
aguacate Hass. Tepic, Nayarit, México: Instituto Tecnológico de Tepic; 2016

[40] Chen J et al. Combination effect of chitosan and methyl jasmonate on controlling 
Alternaria alternata and enhancing activity of cherry tomato fruit defense mechanisms. 
Crop Protection. 2014;56:31-36

[41] Mills A, Platt H, Hurta RA. Effect of salt compounds on mycelial growth, sporulation and 
spore germination of various potato pathogens. Postharvest Biology and Technology. 
2004;34(3):341-350

[42] Hervieux V et al. Effect of organic and inorganic salts on the development of Hel-
minthosporium solani, the causal agent of potato silver scurf. Plant Disease. 2002; 
86(9):1014-1018

[43] Romanazzi G et al. Induced resistance to control postharvest decay of fruit and veg-

etables. Postharvest Biology and Technology. 2016;122:82-94

[44] Palma-Guerrero J et al. Effect of chitosan on hyphal growth and spore germina-

tion of plant pathogenic and biocontrol fungi. Journal of Applied Microbiology. 2008; 
104(2):541-553

Chitin-Chitosan - Myriad Functionalities in Science and Technology326



[45] Zhu X et al. Effects of chitosan coating on postharvest quality of mango (Mangifera indica 
L. cv. Tainong) fruits. Journal of Food Processing and Preservation. 2008;32(5):770-784

[46] Silveira A. Fisiología y bioquímica de los productos MPF. In: V Congreso Iberoamericano 
de Postcosecha y Agroexportaciones. Universidad de Cartagena. Colombia: Cartagena. 
p. 2007

[47] Park Y, Jung S, Gorinstein S. Ethylene treatment of ‘Hayward’ kiwifruits (Actinidia deli-
ciosa) during ripening and its influence on ethylene biosynthesis and antioxidant activ-
ity. Scientia Horticulturae. 2006;108(1):22-28

Antifungal Activity of Chitosan against Postharvest Fungi of Tropical and Subtropical Fruits
http://dx.doi.org/10.5772/intechopen.76095

327




