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Chitosan coating is beneficial to maintaining the storage quality and prolonging the shelf life of postharvest fruits and vegetables,
which is always used as the carrier film for the antimicrobial agents. This review focuses on the preparation, property, mechanism,
and application effectiveness on the fruits and vegetables of chitosan-based coating with antimicrobial agents. Chitosan, derived by
deacetylation of chitin, is amodified and natural biopolymer as the coatingmaterial. In this article, the safety and biocompatible and
antimicrobial properties of chitosan were introduced because these attributes are very important for its application. The methods
to prepare the chitosan-based coating with antimicrobial agents, such as essential oils, acid, and nanoparticles, were developed
by other researchers. Meanwhile, the application of chitosan-based coating is mainly due to its antimicrobial activity and other
functional properties, which were investigated, introduced, and analyzed in this review. Furthermore, the surface and mechanical
properties were also investigated by researchers and concluded in this article. Finally, the effects of chitosan-based coating on the
storage quality, microbial safety, and shelf life of fruits and vegetables were introduced. Their results indicated that chitosan-based
coating with different antimicrobial agents would probably have wide prospect in the preservation of fruits and vegetables in the
future.

1. Introduction

Fresh fruits and vegetables with good quality are very inter-
esting to costumers and have benefits for the health of human
body due to their good flavor, being colorful, and the contents
in nutrients, such as vitamins, minerals, and amino acids [1,
2]. However, one of the important challenges for the storage
safety of fruits and vegetables is related to its high decay rate
and short shelf life period. This is because of the fact that
they could still undertake the metabolism ceaselessly as the
living organisms during the storage period [3, 4]. Moreover,
the shrink and loss of luster of surfaces and the rot of fruits
could be observed because of the highwater transpiration, the
loss of nutrients, and the infection of spoilagemicroorganism

during storage [5]. In the latest few years, many technolo-
gies, such as edible coating with antimicrobial agents, low
temperature, controlled atmosphere package, and so on, have
been developed in order to maintain the quality and safety
of fruits and vegetables, which could prolong its shelf life
during the storage and market periods [4, 6, 7]. However,
serious environmental problems could be created by using
the conventional packaging materials. Furthermore, the risk
of chronic diseases could increase in the human body if pulps
with the exceeding residue of chemical agents are always
consumed [3, 8].

The investigation for the safe alternatives is increasing for
the storage of fruits and vegetables, such as the development
and application of chitosan-based coating enriched with
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active agents [2, 5]. Chitosan coating is one of the promising
techniques because of its excellent properties including the
property to form the thin film on the fruit’s surface, the
property to avoid the loss of moisture and aromas, the
inhibition of the oxygen penetration to the plant tissue or
microbial growth, and the safety for using on the food [9–
14]. More importantly, the use of active component in the
chitosan-based coating is one promising method to improve
its antimicrobial and antibrowning activities for the storage of
fruits and vegetables [1, 15–18]. Many kinds of antimicrobial
agents, such as essential oils, acid compounds, and nanoparti-
cles, have been used to load into the coating films of chitosan
[17–20]. The chitosan-based coatings were developed by
using essential oils as the antimicrobials including lemon
oil, rosemary oil, lemongrass oil, carvacrol oil, cinnamon oil,
and bergamot oil [1, 2, 18, 20–26].Thenanoparticles of silicon
dioxide were also used as the antimicrobials in the chitosan
coating [27, 28]. Furthermore, Cai et al. [29] have developed
the chitosan-based coating using nisin as the antimicrobials.

The chitosan coating enriched with antimicrobials exhib-
ited the excellent inhibition on the growth of bacteria, yeast,
andmolds [30–34]. Postma et al. [35] displayed that the com-
bined application of chitosan and Lysobacter enzymogenes
could express better control effects on the development of
Pythium aphanidermatum in cucumber. Moreover, as indi-
cated byChen et al. [36], the antimicrobial activity of chitosan
nanoparticles could be enhanced by adding the components
of grafted eugenol and carvacrol. Sánchez-González et al.
[37] also reported that the coating of chitosan with bergamot
oil could exhibit a significant inhibition against Penicillium
italicum. Ma et al. [38] demonstrated that the inactivating
functions of chitosan coating with lauric arginate (LAE), cin-
namon oil, and ethylenediaminetetraacetic acid (EDTA) on
foodborne pathogens were observed, such as Escherichia coli,
Listeria monocytogenes, and Salmonella enterica, inoculated
on cantaloupes. Furthermore, the investigation of Khalifa
et al. [39] showed that the addition of olive oil residues
extracts into chitosan coating could lead to the increase
of antifungal activities against the tested strains, such as
Penicillium expansum and Rhizopus stolonifer.

The chitosan-based coating incorporated with antimi-
crobials could extend the shelf life and improve the storage
quality of fruits and vegetables [18, 38–40]. Xing et al.
[18] reported that the applications of chitosan coating with
cinnamon oil as the antimicrobials could provide better effect
on the quality and decay of sweet peppers. The results of
Kaya et al. [40] indicated that the use of chitosan-acetic acid
coating might be an effective technology to prolong the short
shelf life of red kiwifruit berries. Ma et al. [38] also reported
that the chitosan-based coating with LAE, cinnamon oil, and
EDTA could improve the microbiological safety and keep
the quality of cantaloupe. Moreover, the study of Khalifa
et al. [39] demonstrated that the applicability of chitosan
coating incorporated with olive oil residues extracts could
improve the shelf life stability of apple and strawberry fruits.
Furthermore, the chitosan coating with antimicrobial agents
has been successfully used in many other kinds of fruits,
such as grape, berry, pear, jujube, and vegetables, such as
mushroom and fresh-cut lotus root [2, 12, 17, 19, 20, 27, 41].

The effectiveness of chitosan-based coating with antimi-
crobial agents has been reported and reviewed by workers
on its application for enhancing the quality, controlling the
rot, and extending the storage life of fruits and vegetables.
Yu and Ren [4] have introduced the preserving effect of
chitosan-based coating on the storage of fruits and vegeta-
bles. As reported by Duan and Zhang [3], they reviewed
the effect of chitosan-based coating on the preservation of
fruit and vegetable. Elsabee and Abdou [19] concluded the
investigation on the chitosan-based edible films and coatings.
Kerch [42] has summarized the recent studies on the effect
of chitosan-based coatings on the changes of nutritional
quality of fruits and vegetables during postharvest storage.
The mechanisms of action and the role of polyphenols and
vitamin C in prevention of age-related diseases have been
also discussed. Moreover, Romanazzi and Feliziani [43] also
reviewed the control postharvest decay of temperate fruit by
chitosan treatment. However, until now, no detailed report
has been observed to summarize the preparationmethod, the
microstructure, function properties, and application effec-
tiveness of chitosan-based coating with antimicrobial agents
for the storage of fruits and vegetables.

Therefore, the one aim of this article was to highlight the
potential of chitosan as the active biobased coating material
for antimicrobial agents and to summarize its different prepa-
ration methods. Moreover, another aim was to review their
antimicrobial activity, mechanism and functional properties,
and its application in the storage of fruits and vegetables. It is
expected to provide insights for researchers working on the
postharvest preservation of agricultural products.

2. Preparation of Chitosan-Based
Coating Films Incorporated with
Antimicrobial Agents

2.1. Origin, Structure, and Property of Chitosan

2.1.1. Origin, Chemical Structure, andDissolubility of Chitosan.
Chitin as the deacetylated derivative sources of chitosan is the
second most abundant polysaccharide found in nature after
cellulose, which consists of N-acetylglucosamine residues
joined by 𝛽-1,4-glycosidic links [4, 44]. The compound of
chitin could constitute 20–30% of crustacean shells like
cockles, shrimps, crabs, and so on [4, 44, 45].Thedegradation
process of chitosan from chitin and acid-base equilibrium
attributes of chitosan are shown in Figure 1. Deacetylation is
achieved by exposing chitin to strong NaOH solutions or to
the enzyme chitinase [44–48]. Chitosan as linear polysaccha-
ride consists of (1,4)-linked 2-amino-deoxy-b-d-glucan with
two free hydroxyl and one primary amino groups [44–49].
Thepositive charge of amino groups couldmake it available to
react with many negatively charged surfaces of cell and other
polymermaterials [49].The quality and functional properties
of chitosan are determined by many factors including the
degree of deacetylation, molecular weight, the sources, and
extraction pathway [49]. The dissolubility is one of the
important properties for its application. However, chitosan is
insoluble in organic or water solvents. It is only soluble in any
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Figure 1: The deacetylation pathway of chitosan from chitin and the acid-base equilibrium attributes of chitosan [44, 47, 48].

dilute aqueous acidic solution (pH < 6.5) [46]. This might be
due to the fact that these chitosan derivatives in the form of
acetate, ascorbate, and malate are water-soluble.

2.1.2. Safety of Chitosan for the Application on Fruits and
Vegetables. The safety of chitosan particles and solutions is
very important for its application on the food industry and
has been investigated by other researchers. Chitosan as a food
additive had been approved in Japan and Korea since 1983
and 1995, respectively [50, 51]. Moreover, its biological safety
has been indicated by feeding trials with domestic animals
[52]. More importantly, as reported by Jeyanth Allwin et al.
[53], chitosan has been considered as generally recognized
as safe (GRAS) by the US FDA in 2005. Therefore, chitosan

is considered as the biocompatible, nontoxic, and safety raw
material for using on the fruits and vegetables [17, 45, 54].

2.1.3. Film-Forming Property and Biocompatibility of Chi-
tosan. Chitosan coatings have been successfully used as the
active packaging materials and the antimicrobial films for
the quality of agricultural products, especially fruits and
vegetables [2, 17, 55]. It should be due to its excellent film-
forming property and biocompatibility [2, 17, 55]. As can
be seen in the following list, the properties of film-forming
and biocompatibility are the request characteristics for its
application as the coating material, which could make it have
the ability to be used as edible films, coatings, or packaging
materials for the storage of fruits and vegetables [1, 18, 56].
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As reported by Xing et al. [57], chitosan coating could form
a thin film with micropores and improve the storability of
perishable foods by decreasing the transpiration losses as well
as modifying the internal atmosphere of package. Moreover,
the biocompatibility of chitosan coating film could make it
have the ability to be used as the carrier for antimicrobial
agents. Chitosan has been also demonstrated to exhibit
the distinctive property of biocompatibility for application,
emulsification, and dye binding [58, 59].Thus, the application
of chitosan with the excellent film-forming property and
biocompatibility has attracted interest as the natural coating
materials for maintaining the quality of fruits and vegetables
[2, 17, 41].

Potential Effectiveness and Requirement of Chitosan-Based
Coating on the Storage Quality of Fruits and Vegetables [42,
60]. Potential effectiveness of chitosan-based coating on
fruits and vegetables includes

(i) modified respiration rate;
(ii) keeping firmness and reducing weight loss;
(iii) controlling decay and rot;
(iv) delaying senescence and ripening;
(v) keeping sensory quality;
(vi) being a carrier for active compounds;
(vii) controlling nutrients loss;
(viii) maintaining aroma components.

Requirement of chitosan-based coating for using on fruits
and vegetables comprise

(i) owning the space as the carrier for active substance;
(ii) being an excellent barrier of gas and water vapor;
(iii) excellent mechanical properties;
(iv) high stability under high relative humidity;
(v) good antimicrobial activity;
(vi) negligible taste and color;
(vii) excellent adhesion property on the fruits surface;
(viii) high physicochemical stability and low cost.

2.1.4. Antimicrobial Activity of Chitosan. Chitosan is always
used as a potential food preservative which might be due
to its antimicrobial activity against a range of foodborne
bacteria, yeast, and fungi. On the other hand, the potential
antimicrobial activities as well as others were shown in the
previous list, which are mainly important requirements for
its application on fruits and vegetables [1, 61]. The stronger
antimicrobial activity was observed for the chitosan with a
higher deacetylation degree [62]. Moreover, chitosan with
low molecular weight might express better antimicrobial
activity than that with high molecular weight [63]. The
antimicrobial activity of chitosan might be increased by low
pH values due to its protonation in the acidic pH interval and
higher solubility in the acid microenvironment [64]. On the

other hand, temperature and the surrounding matrix could
affect the antimicrobial activity of chitosan coating [62].

For the antimicrobial activity of chitosan, it is reported
that yeasts and molds exhibited the higher sensitivity com-
pared to bacteria [62]. The investigation of Qi et al. [65]
displayed that the chitosan nanoparticles could control the
growth of bacteria such as E. coli, Salmonella choleraesuis,
Salmonella typhimurium, and Staphylococcus aureus. Ganan
et al. [66] also reported that, among a number of tested
pathogens, Campylobacter spp. was the most susceptible one
to inactivation by chitosan. Lou et al. [67] showed that the
solution of chitosan had strong antibacterial activity against
Burkholderia seminalis. The high antimicrobial activity of
chitosan was also observed by Han et al. [68]. Moreover,
Ristić et al. [69] indicated that Lactobacillus inhibition of
chitosan nanoparticles is reflected in low minimal inhibitory
concentration. As reported by Madureira et al. [70], chitosan
nanoparticles could affect the cellular structure of bacte-
ria and reinforce their antimicrobial activity. Furthermore,
Wang et al. [71] reported that the growth of fungi could
strongly be inhibited by the treatment of chitosan. Kaya
et al. [72] observed that chitosan with the low molecular
weight scorpion exhibited the specific antimicrobial activity
to bacterial species in general. Moreover, Li et al. [64]
indicated that the pH value for the highest antibacterial
activity of chitosan was 6.0. The antibacterial activity of
chitosan solution (pH 6.0) against E. coli and S. aureus
could be enhanced with increasing its deacetylation degree.
As reported by Mohammadi et al. [73], the antibacterial
activity of chitosan nanoparticles was significantly enhanced
in comparison to that of chitosan microparticles. Sayari et al.
[74] suggested that chitosan exhibited the inhibitory activity
against the tested strains of bacteria and fungi. Goy et al. [75]
also indicated that the antibacterial effectiveness of chitosan
was significantly affected by its applied concentration.

2.2. Preparation of Chitosan-Based Coating Filmswith Antimi-
crobial Agents. Many kinds of chitosan-based coating with
antimicrobial agents have been developed by researchers,
as shown in Figure 2, such as chitosan-based coating with
essential oils and acid compounds and nanoparticles [17–
20]. However, one important problem for preparing these
chitosan-based coatings is the uniform dispersion of antimi-
crobial agents in the chitosan solution system. Therefore, the
technologies were reported by many researchers in order to
resolve this problem and develop these complex coatingswith
high antimicrobial activity for their application.

2.2.1. Preparation of Chitosan-Based Coating with Essential
Oils. In the industry of fruits and vegetables, edible biobased
coating could offer many advantages because of its carrier
property for antimicrobial agents, such as essential oil,
against pathogenic microorganisms [17–20, 76]. Therefore,
the chitosan-oil coating has been developed by incorporating
it with different essential oils.

The chitosan-based coating with lemon essential oil as
the antimicrobials was prepared by Perdones et al. [20].
Firstly, chitosan was dispersed in an aqueous solution with
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Essential oils:
(i) Lemon oil [20]
(ii) Rosemary oil [21, 77] 
(iii) Sun flower oil [22]
(iv) Lemongrass oil [23]
(v) Carvacrol oil [24]
(vi) Bergamot oil [26]
(vii) Mentha piperita L. oil Mentha ×

villosa Huds oil [78]
(viii) Eucalyptus globulus oil [79] 
(ix) Cinnamon oil [1, 2, 18, 25, 37, 80]

Nanomaterials:
(i) Nanosilicon dioxide [27, 28, 89]
(ii) Nanosilica hybrid [88]

Different antimicrobial agents

Based materials:
(i) Chitosan

Function:
(i) Film-forming
(ii) Antimicrobial

activity
(iii) Safety
(iv) Biocompatibility
(v) Micropores

Structure:

Acid compounds:
(i) Acetic acid

[17, 38, 80, 40, 76, 85, 86]
(ii) Ascorbic acid [17]
(iii) Citric acid [17]
(iv) Lactic acid [85]
(v) Glacial acetic acid [82]

Other materials:
(i) Nisin [29]
(ii) Beeswax [90]
(iii) Maillard reaction products [91]
(iv) Green tea leaves extract [92]
(v) A. vera fraction [93]
(vi) Olive leaf and pomace extracts
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Figure 2: The preparation of chitosan-silver antimicrobial nanocomposites [47].

glacial acetic acid. Then, lemon essential oil was added and
emulsified after chitosan dissolved. This obtained emulsion
was submitted to a second homogenization at 165MPa in a
single pass by using microfluidization in order to obtain the
composited chitosan coating.

The chitosan coating incorporated with rosemary essen-
tial oil and nanoclay was developed by Abdollahi et al.
[21]. Chitosan powder was firstly dissolved in aqueous acetic
acid solution at 90∘C by stirring for 20min and cooled to
the room temperature. The certain amounts of clay were
dispersed in aqueous solution of acetic acid by stirring for
24 h.Then, chitosan solutionwas added into the obtained clay
solutions and stirred for another 4 h. Moreover, Tween 80 as
an emulsifier was added to themixture and stirred at 40∘C for
30min. Finally, the appropriate amounts of rosemary oil were
added to the solution. The chitosan-oil solution was finished
after being homogenized and degassed under vacuum for
5min.

Xiao et al. [77] reported the preparation method of
chitosan-based coating with rosemary extracts. Firstly, the
chitosan was dispersed in an aqueous solution of glacial
acetic acid at 4∘C. Then, the compounds of glycerol and
Tween 80 were added into the mixture solution. After being
homogenized for 10min, the pH value of the complex
solutionwas adjusted to 5.6 by usingNaOH.The solutionwas
strained through layers of cheesecloth and degassed under
vacuum at room temperature. Finally, the rosemary extract as
the antimicrobial agent was added into the obtained chitosan
solution.

The investigation of Valenzuela et al. [22] suggested that
the blends and coating films of quinoa protein extracts
(Q), chitosan (CH), and sun flower oil blends (SO) were
prepared. Firstly, the aqueous quinoa protein extracts were
prepared. The quinoa flour was suspended in distilled water
and its pH was adjusted to pH 8 and pH 12, respectively.
The obtained suspensions were stirred and centrifuged. The

supernatants of quinoa flour suspensions at pH 8 and pH
12 were named as Q-8 and Q-12, respectively. Secondly, the
chitosan solution was prepared. Solutions of chitosan in citric
acid with different concentrations were prepared, sonicated,
and left overnight. The blends were prepared by mixing
solutions of Q-8 or Q-12 and CH with different Q/CH ratios.
Finally, the Q/CH/SO was prepared.The optimal Q/CH ratio
was blended with SO at different concentrations and Tween
80. The blends were prepared by mixing Q, SO, and Tween
80 and were homogenized. Then, chitosan was incorporated
into the blend bymixing and its pH value was adjusted to 3.0.

Ali et al. [23] reported themethod to prepare the chitosan
and lemongrass oil coating. Chitosan solutions at pH 5.6–
5.9 were prepared using lowmolecular weight chitosan. After
that, lemongrass essential oil and Tween 80 were added
to chitosan solutions. Moreover, to ensure incorporation of
lemongrass essential oil in chitosan, the solutions weremixed
using a homogenizer.

Severino et al. [24] also developed the chitosan coating
with essential oils. The modified chitosan was dissolved in
acetic acid solution by stirring for 24 h. Then, carvacrol oil
nanoemulsion was added into the obtained chitosan solution
and mixed vigorously to obtain the chitosan-oil coating.

Sánchez-González et al. [26] reported the technology to
prepare the chitosan coating with bergamot essential oil.
Chitosan was dispersed in an aqueous solution of glacial
acetic acid at 40∘C for 12 h. Then, bergamot essential oil was
added and emulsified. The chitosan-oil coating was obtained
after being degassed at room temperature using a vacuum
pump.

The chitosan coatings with Mentha piperita L. essen-
tial oils (MPEO) and Mentha × villosa Huds essential oils
(MVEO) were prepared by Guerra et al. [78]. Firstly, chitosan
was initially diluted in acetic acid with stirring for 6 h. Differ-
ent amounts of MPEO or MVEO were incorporated into this
chitosan solution and stirring was for another 18 h. Finally,
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glycerol was added into the coating-forming solution. The
similar procedure was also reported by dos Santos et al. [12]
to develop the chitosan coating with Origanum vulgare L.
essential oil for fruit storage.

Hafsa et al. [79] have developed the chitosan-based
coating films. Coating solution was prepared by dissolving
chitosan in a solution of glacial acetic acid with stirring
at 50∘C. The resultant chitosan solution was filtered and
followed by vacuum filtration. Glycerol was added into
chitosan in the solution and mixed for 30min. Then, Tween
80 was also added into the essential oil of Eucalyptus
globulus and stirring was for 15min. Finally, the emul-
sified essential oil was added into the obtained chitosan
solution.

The chitosan-based coating enriched with cinnamon
essential oil was prepared by Xing et al. [1, 2, 18].The chitosan
solution containing acetic acid and glycerol plasticizer was
stirred for 1 h. Then, the compounds of cinnamon oil and
Tween 80 were added into the chitosan solution and then
stirred by amagnetic stirrer for 30min.The obtained solution
was homogenized under aseptic conditions.

Mohammadi et al. [25] reported that the solution of
Cinnamomum zeylanicum essential oil- (CEO-) chitosan
nanoparticles was prepared by an ionic gelation. Chitosan
was firstly dissolved in solution of acetic acid and Tween 80
was added. After stirring, CEOwas dropped into the chitosan
solution under the stirring condition. The agitation was con-
ducted for 30min in order to obtain an oil in-water emulsion.
The solution of CEO-loaded chitosan nanoparticles could
be obtained by the drop-wise addition of tripolyphosphate
solution into the oil in-water emulsion under stirring.

Ma et al. [38, 80] have reported the technology to prepare
the mixture coating solution of chitosan, acetic acid, LAE,
EDTA, and cinnamon oil. The based coating solution was
prepared by dissolving chitosan in an aqueous solution
with acetic acid and stirred overnight. After removing the
impurities, the compounds of LAE, EDTA, and cinnamon oil
were added into the chitosan solution by mixing until it was
homogeneous.

2.2.2. Preparation of Chitosan-Based Coating with Acid Com-
pounds. The compounds of organic acids are noncorrosive
in nature, biodegradable, and safe for the storage of fruits and
vegetables, which could be used to prevent enzymatic brown-
ing and control the decay of pulps, alone or in combination
with antimicrobial agent [81–84].

Vásconez et al. [76] reported the method to prepare the
chitosan-acetic acid solution.The coatings could be obtained
by the addition of chitosan-acetic acid solution to gelatinized
tapioca starch/glycerol or tapioca starch/glycerol/potassium
sorbate mixtures. These obtained mixtures were homog-
enized using a dispersion device. Then, the air in the
solutions was also removed by using vacuum. Finally, all
the solutions prepared were adjusted to pH 4.0 with acetic
acid.

Xing et al. [17] have developed the coating solution by
dissolving chitosan in distilled water containing acetic acid.
The obtained solution was stirred for 1 h. Then, ascorbic acid

(2%) and citric acid (1%) were added and stirred for another
30min. This chitosan-based coating solution could be used
after standing for 1 h.

The chitosan coating with glacial acetic acid and olive oil
was developed by Ochoa-Velasco and Guerrero-Beltrán [82].
Chitosan solution was prepared by placing glacial acetic acid
and olive oil into a volumetric flask and made up to volume
with distilled water. Then, the solution was poured into a
beaker, warmed, and blended using a homogenizer. Finally,
one gram of chitosan with medium molecular weight and
85%deacetylated degree was added slowlywhile stirring until
completely dispersed.

Kaya et al. [40] reported the method to prepare the
chitosan-acetic acid coating solution. Firstly, chitosan was
dissolved in acetic acid solution at pH 2.0–2.3. The dissolved
process was conducted by a continuous stirring for 2 days at
40∘C.Then, the coating solution was degassed under vacuum
and filtered in order to remove the undissolved particles.

The investigation of Jovanović et al. [85] has also intro-
duced the technology to develop the coatings by dissolving
chitosan with medium molecular weight in the acetic acid
solution or lactic acid solution and stirring for 24 h.

The investigation of Flores et al. [86] reported themethod
to prepare the coating solution by dissolving chitosan powder
in a hydroalcoholic acid solution under stirring for 6 h at
room temperature. After removing impurities by vacuum
filtration, glycerol was added into the chitosan solution and
stirred for another 30min.

2.2.3. Preparation of Chitosan-Based Coating with Nanoma-
terials. Chitosan-based coating film with different nanopar-
ticles has been developed in recent years. The differences
between normal-sized substances and nanosized substances
indicate the effectiveness of small size, surface, and macro-
scopic quanta size [84–87]. The developed works have been
conducted by using nanoparticles as antimicrobials.

Shi et al. [88] reported the technology to prepare the
chitosan/nanosilica hybrid coating film. Chitosan coating
solution was dispersed in the glacial acetic acid solution by
stirring for 48 h. Further, the certain amount of tetraorthosil-
icate was added to the above solution and stirred with a
magnetic stirrer. Then, the equal mixture of ethanol and
water was added to this solution and stirred for 20 h. The
pH value of the obtained solution was adjusted to 5.6. The
chitosan/nanosilica hybrid coating was obtained after being
vacuumed for 2 h.

Yu et al. [27] have reported the preparation of chitosan-
based coating with nanosilicon dioxide. First, the mixed
solution of chitosan, nanosilicon dioxide, and deionized
water was dispersed for 15min by ultrasonication under
300W at 60∘C. Second, sucrose ester of fatty acid was added
into the above solution and dispersed for 5min.The chitosan
coating with nanosilicon dioxide could be obtained after
adding the glycerine and dispersed.

Song et al. [89] have developed the chitosan/nanosilica
coating. Chitosan was dissolved in a solution of glacial acetic
acid and then stirred for 8 h. Silica solution was prepared at
a molar ratio of tetraorthosilicate : deionized water : ethanol
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(1 : 4 : 1). After stirring at 200 rpm for 2 h, the solution was
kept for 30min prior to mixing with the chitosan solution.
The pH of obtained solution was adjusted to 5.6. Then,
the silica solution was added to the chitosan solution and
homogenized by ultrasonication for 30min at 60∘C. Finally,
sucrose ester of fatty acid was added and stirred.

The chitosan solution with nanosilicon dioxide was pre-
pared by Sun et al. [28]. Chitosan was dissolved in acetic acid
solution at 50∘C under stirring. The sodium silicate solution
was added into the hydrochloric acid solution for adjusting
the pH value to 4-5, and acidic silicon sol was obtained.
With sufficient mixing, acidic silicon sol and sodium dodecyl
benzene sulfonic saturated solution were dropwise added in
the chitosan solution. The synthesis solution of nano-SiOx
and chitosan was prepared after glycerol was added into the
solution under stirring at 50∘C.

2.2.4. Preparation of Chitosan-Based Coating with Other
Materials. The preparation technologies of chitosan-based
coating with other antimicrobial agents, such as nisin, were
conducted. These investigations could be enriched with the
kinds of chitosan-based coating with antimicrobial agents
and provide the methods for other researchers.

Cai et al. [29] introduced the method to develop the
chitosan/nisin coating. In order to prepare the chitosan/nisin
complexes, chitosan was dissolved in an acetate buffer at pH
4.8. The concentration of the chitosan-acetate solution was
adjusted to 1% (w/v). Nisin was dissolved in an acetate buffer
and the concentration of nisin was also adjusted to 0.01%
(w/v). Then, the chitosan solution was added to the same
volume of nisin solution.The resulting solution was carefully
stirred for 3 h and then stored for at least 1 day at room
temperature.

Velickova et al. [90] have developed the chitosan-beeswax
coating. Chitosan was dissolved in acetic acid with stirring.
The complete dissolution of chitosan, glycerol, and Tween 80
was added and stirred for another 30min. Then, after being
centrifuged, the cross-linking of the chitosan coating was
carried out with sodium tripolyphosphate. For beeswax coat-
ings, wax solution was prepared firstly by melting beeswax in
ethanol heated to 70∘C and emulsified with Tween 80. The
composite coating could be obtained by mixing the solutions
of chitosan and wax.

Li et al. [91] have prepared the chitosan-maltose Maillard
reaction products (MRP) coating. One gram of chitosan was
dissolved in solution with 100mL of acetic acid (1%) in which
1.0% ofmaltose was added.The pH value of each solution was
adjusted to 6.0.Then, the above obtainedmixture of chitosan,
acetic acid, and maltose was heated in a 100∘C water bath for
6 h andwithdrawn at given time intervals.The coating sample
could be completed after being cooled in iced water.

The chitosan-based coating incorporated with green tea
extract was prepared by Sabaghi et al. [92]. Firstly, the
chitosan powder was dissolved in an aqueous solution of
glacial acetic acid under stirred conditions at 60∘C and then
glycerolwas added to the chitosan solution.Chitosan solution
was stirred for 15min. Then, the green tea leaves extract was
filtered and was added to the chitosan solution.

Vieira et al. [93] reported that the coating solution was
prepared by dissolving chitosan into the solution of lactic acid
by stirring for 10 h at 20∘C.Then, Tween 80 and glycerol were
added in the chitosan solution. Finally, the fraction of Aloe
vera (liquid or pulp) as antioxidant and antimicrobial agent
was added and stirring was for 3 h at room temperature in
order to obtain the complete dissolution.

Khalifa et al. [94] developed the chitosan solutions incor-
porated with ethanolic olive leaf extracts and olive pomace
extracts. Chitosan was dispersed in an aqueous solution of
glacial acetic acid at 40∘C.Then, the solution was heated and
agitated for 12 h. After adjusting the pH to 5.6, glycerol was
added and stirred overnight.Theolive oil wastes extracts were
added and mixed for achieving the complete dispersion.

3. Antimicrobial Activity of Chitosan-Based
Coating with Antimicrobial Agents

The quality and shelf life of postharvest fruits and vegeta-
bles could be significantly reduced during the storage time
because they are easily vulnerable to all kinds of spoilage
microorganisms. Chitosan-based coating with antimicrobial
agents could form the thin film on the surface of fruits and
vegetables and inhibit the growth of indigenous or inoculated
bacteria, yeast, and molds [30–34]. As indicated in Figure 3,
the antibacterial and antifungal activity of chitosan-based
coating could be affected by many factors, like the properties
of chitosan, the concentration of antimicrobial agents, the
type of microorganism, and so on. As indicated by Postma
et al. [35], the application of chitosan with L. enzymogenes
could reduce the number of diseased plants for cucumber by
50–100%. L. enzymogenes combined with chitosan expressed
the strong biocontrol effects on P. aphanidermatum in hydro-
ponically grown cucumber. Moreover, Carlson et al. [95]
revealed that the chitosan coating could reduce the viable
cell populations in biofilm for Staphylococcus epidermidis,
S. aureus, and Candida albicans. Cai et al. [29] also indi-
cated that the coating of chitosan/nisin exhibited the higher
antimicrobial activities against the tested strains of fungi and
bacteria. The investigation of Sánchez-González et al. [37]
also displayed that the antifungal activity of chitosan with
bergamot oil on the growth of P. italicum was dependent on
the oil concentration. Gómez-Estaca et al. [96] demonstrated
that chitosan-gelatin coating films incorporatedwith clove oil
showed higher inhibitory effect than that with rosemary and
lavender oils. Furthermore, according to the results of Xing et
al. [1], the antifungal activity of chitosan-oil coating against
Penicillium citrinum could be enhanced by increasing the
concentration of cinnamonoil. dos Santos et al. [12] suggested
that the application of chitosan combined with Origanum
vulgare L. essential oil could inhibit the mycelial growth of
Aspergillus niger and R. stolonifer. The investigation of Bedel
et al. [97] also showed that the combination of chitosan
with poly(ethylene glycol) or sodium bicarbonate exhibited
high antibacterial activity on E. coli and S. aureus. Chitosan
coatings enriched with other antimicrobials expressed effec-
tive antimicrobial activity [42, 98, 99]. Severino et al. [24]
reported that the antibacterial function of chitosan-based
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Figure 3: Factors that affected the antimicrobial activity of chitosan-based coating [176].

coatings enriched with carvacrol nanoemulsion oil was also
observed. As reported by Ma et al. [38], the chitosan coating
with LAE, cinnamon oil, and EDTA could significantly
reduce the counts of bacteria, molds, and yeasts. Jovanović et
al. [85] displayed that the chitosan coating films exhibited the
strong antimicrobial activity against Listeria monocytogenes
on black radish. Moreover, Khalifa et al. [39] showed that
the activity of chitosan coating with the extracts of olive oil
residues against P. expansum was higher than that against R.
stolonifer in in vitro and in vivo test.

The effectiveness in reducing microbial growth of these
complex coatings might be mainly because of the antimicro-
bial property of chitosan materials and the active substances
in the based carrier, which could evaporate and diffuse to the
medium in the package [1, 2, 18, 41]. The main mechanism
for antimicrobial activity of chitosan should be due to the
interaction between the positively charged amino (-NH3)
groups of chitosan and the negatively charged carboxylate
(-COO-) groups on the surface of bacterial cell membranes
[100, 101]. As indicated in Figure 4, such electrochemical
binding could lead to the weakening and disruption of cell
membranes. This mechanism was supported by the analysis
of scanning electron microscopy (SEM) and atomic force
microscopy (AFM) [65, 102]. Wang et al. [71] reported that
the plasma membrane of Sclerotinia sclerotiorum mycelia
treated by chitosan was observed to be damaged. The
higher lipid peroxidation and protein leakage were found
in chitosan-treated mycelia. Lou et al. [67] showed that
the antibacterial activity of chitosan might be due to the
membrane disruption and abnormal osmotic pressure from
the assays of outmembrane permeability and the observation
of transmission electronmicroscopy (TEM).Moreover, Ristić

et al. [69] indicated that chitosan nanoparticles interact with
themembrane of Lactobacillus cells, causing the perturbation
of the membrane wall and leading to the death of the cells. As
reported byMadureira et al. [70], it was possible to obtain that
the chitosan nanoparticles could affect the cellular structure
of bacteria. Li et al. [64] indicated that the antibacterial
activity of chitosan with high molecule weight might be
due to the amino protonation and subsequently cationic
formation. Its ultralong molecular chain was propitious to
coat and binds the cells of E. coli and S. aureus, which
were restrained and then decomposed gradually by chitosan.
Furthermore, according to the investigation of Mohammadi
et al. [73], the observation of AFM on the cultures of selected
bacteria species treated by chitosan nanoparticles revealed
the marked structural changes in the cell wall of bacteria.
The antimicrobial mechanism is related to the presence of
charged groups in the polymer and their ionic interactions
with the constituents of bacteria wall [75, 103, 104]. The
results of Raafat et al. [105] also demonstrated that the
binding of chitosan to teichoic acids accompanied by the
extraction of membrane lipids could induce the death of
bacteria. Cell death might result from a sequence of the
cited molecular events occurring simultaneously [105]. The
molecular basis for the apparent differences in susceptibilities
among different bacteria and fungi to chitosan was analyzed
by other researchers [44]. Binding of bacterial trace metals
by chitosan could inhibit the production of bacterial toxins
and the microbial growth [106, 107]. Besides, the interaction
of diffused hydrolysis products with microbial DNA could
induce the inhibition of the mRNA and protein synthesis
[107, 108]. Differences in the composition, structure, thick-
ness, and electrochemistry of cell membrane could also affect
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Figure 4: Antimicrobial mechanism of chitosan-based coating with antimicrobial agents [175, 176].

the sensitivities of different microorganisms to the inactiva-
tion of chitosan.

The high antimicrobial activity of chitosan-based coating
should be due to the activity of active compounds in the
barrier, such as essential oils, acids, and nanoparticles [1, 41,
84]. For the chitosan-oil coating, the source and functional
groups, as well as composition of essential oils, could signifi-
cantly influence their antimicrobial activity [1, 109]. As can be
seen in Figure 5(a), the sparse hyphaemyceliumof P. citrinum
with irregular shapes is observed around the inhibition zone
of cinnamon oil.The normal growth or germination of spores
was not observed, which might be inhibited by cinnamon oil.
However, a normal morphology with linearly shaped hyphae
and formed spores can be seen from the normal cell of P.
citrinum on PDA in Figure 5(b).The antimicrobial properties
of chitosan-based coating films enriched with essential oils
should be due to the major compounds in oil [1, 78]. For
example, cinnamaldehyde and trans-cinnamaldehyde are the
main active components of cinnamon oil [110]. The main
compounds responsible for the antimicrobial activity of tea
tree oil are 1,8-cineole and terpinen-4-ol [37].

4. Gas Modification, Induction Defense, and
Physical Properties of Chitosan-Based
Coating with Antimicrobial Agents

4.1. GasModification Property of Chitosan-Based Coating with
Antimicrobial Agents. Aerobic respiration is an important
activity for the quality and shelf life of fruits and vegetables
during the storage period. However, the higher respiration
rate of these pulps in the packaging system could be related

to the higher nutrients consumed as respiration substrate
and the decline in their nutritious value. The chitosan-based
coating could properly restrain their respiration rate, which
is beneficial to reserve the water, inhibit the loss of weight,
maintain the firmness, and prolong the shelf life for fruits and
vegetables [20, 111, 112]. Moreover, chitosan-based coating
with semipermeable property on the surface of fruits could
retard the fruits ripening by modifying the concentrations
of CO2, O2, and ethylene in the packages [17], which could
also modify the internal atmosphere in the fruit tissue. This
permeability might be due to the micropores existing in the
surface of chitosan-based coating film, as shown in Figure 6.
This effectiveness on the pulps was consistent with the results
reported by Xing et al. [2, 17] and Sun et al. [113]. The
micropores in the coating film could also control and modify
the release of antimicrobial agents such as essential oils to the
package and in the fruits tissue, as shown in Figure 7, which
could provide the higher antimicrobial activity and induce
the defense activity for the storage of pulps.

Permeability is one important property of chitosan-based
coating that could control the diffusion of antimicrobial
agents, such as cinnamon oil, through a carrier film to the
packages, with a driving force due to the different concentra-
tions of substances between the two sides of coating film
[114]. Oxygen might be the critical factor to cause oxida-
tion and further induce the several unwanted changes of
fruits and vegetables, such as the deterioration of odor, flavor,
and nutrients. On the other hand, carbon dioxide could form
in the packages of fruits and vegetables due to respiration
reactions and deterioration [115]. Chitosan-based coating as
the barrier of gasesmight provide the help needed for keeping
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(a) (b)

Figure 5: SEM images of the cell of P. citrinum on the edge of inhibition zone of cinnamon oil (a) and normal cell for P. citrinum (b) [57].

(a) (b)

(c)

Figure 6: Morphological observation of chitosan-based coating by SEM ((a) ×500; (b) ×1000; (c) ×2000) [57].

the quality and extending the shelf life of agricultural prod-
ucts [2, 94]. Gas permeability of chitosan-based coating
depends on several key factors, such as the integrity of thin
coating film, the number of micropores, the thickness of
chitosan coating, and the interaction between the coating

polymer and the additives [116, 117]. The permeability of
chitosan-based coating film on the surface of products could
not be effectively adjusted if the coating is too thin. However,
the dioxide carbonate could also be accumulated if the
film is much thicker. This is because of the fact that, as
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indicated in Figures 7 and 8, the higher concentration of
dioxide carbonate in the package might induce the anaerobic
respiration of fruits and vegetables and generate the ethanol
to influence their quality [118].

4.2. Induction Defense Property of Chitosan Coating with
Antimicrobial Agents. During the storage period, reactive
oxygen with the stronger oxidizing ability could cause deep
harm for the cell membrane of fruits and vegetables, which
is always eliminated by some defense enzymes, such as
peroxidase (POD), superoxide dismutase (SOD), and catalase
(CAT). SOD could decrease the concentration of toxic H2O2

through dismutation reaction and catalyze exclusively O2
∙−

into nontoxic O2. Moreover, H2O2 might be catalyzed into
H2O and O2 by the function of CAT or POD [18, 119].
As indicated in Figure 7, the chitosan-based coating could
reduce the free radicals, increase the disease resistance,
and exhibit the good potential for inducing defense-related
enzymes in the products of fruit and vegetable [1, 18, 120].
The inducing effectiveness of this coating might be also be
affected by the addition of antimicrobials, such as cinnamon
and clove oils, because of its antioxidant activity [2]. Chitosan
coating with cinnamon oil has become a promising treatment
for inducing the defense property of fruits and vegetables
[1, 2, 18, 41]. As reported by Tomida et al. [121], the scavenging
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activity of free radicals could be increased with increasing
the used concentration and decreasing the molecular weight
of chitosan. Furthermore, Hong et al. [122] reported that the
treatment of chitosan could induce a significant increase in
the activities of CAT and SOD and inhibit the production
of superoxide free radical. It could also delay the changes
in the contents of malondialdehyde (MDA) and chlorophyll
of guava fruit [122]. The incorporation of grafted eugenol
and carvacrol enhanced the antioxidative activity of chitosan
[36, 122, 123]. Zhang et al. [83] also indicated that the complex
coating of chitosan and salicylic acid could increase the
activities of antioxidant enzyme in cucumber during storage.
Moreover, the production of superoxide free radicals and
MDA in the treated plums could also be controlled by the
treatment of chitosan-based coating with ascorbic acid [124].

Many free radicals in the cell could be harmful to cell
membrane by the destruction of equilibrium between elimi-
nation and production of the radical [88]. Lipid peroxidation
is also poisonous to cell, which is an oxidation process of
unsaturated fatty acid through free radical action [88]. The
protective enzymes in fresh pulps always exhibit the high
activities and the free radical in the cell of pulps, whichmight
be rapidly eliminated after being treated with chitosan-based
coating with active compounds, as shown in Figures 7 and
8 [122]. The content of MDA could harm the cell membrane
and reflect the active status of free radical in the fruit because
it is one of final products in lipid peroxidation reaction. The
more the MDA content, the higher the level of free radical
[18]. The cell membrane permeability might increase once
being damaged, which induces the increase of the electrolyte
leakage rate [18, 125]. The increases of MDA content and
cell membrane permeability could be controlled or restrained
by the treatment of chitosan-based coating [18]. The fruits
treated by the combined application of chitosan and heat
treatment showed the lowest MDA and membrane leakage
[115]. The antioxidative effect could occur with the peroxide
free radicals in products after being treated by the chitosan-
based coating with active substances.Themechanisms might
be due to the transfer function of the free electron from the
peroxide to the electron sink of chitosan and the antioxidant
activity of active compounds in the carrier [126]. For the
function of chitosan, the relative antioxidative effects might
be due to the differences in intramolecular hydrogen bonding
between amino and hydroxyl group.

4.3. Physical Property of Chitosan-Based Coating with Antimi-
crobial Agents. Water vapor permeability rate is one impor-
tant characteristic for the application of chitosan-based
coating in order to evaluate the prevention function on the
moisture losses of fruits and vegetables. It could be increased
with prolonging the storage time, increasing the molecular
weight of chitosan, enhancing the drying temperature, and
decreasing the storage temperature. As reported by Kerch
and Korkhov [127], lower water vapor permeability was
found in the thinner chitosan-based coating films. More-
over, the increased water vapor permeability of composite
gelatin/chitosan coatings might be due to the increase of
coatings thickness [128]. The nanocomposite coating film

of chitosan-Na-montmorillonite demonstrated a remarkable
decrease in the water vapor permeability property [129]. A
similar result was observed in the chitosan/montmorillonite-
K10 nanocomposite films [130]. As reported by Abdollahi et
al. [21], the incorporation of sun flower oil into chitosan-
based carrier could improve the water vapor permeability.
This effect might be due to the hydrophobic interactions
and the clusters of hydrophobic masses on the surfaces of
coating films [22].The combined use of olive oil and cellulose
nanoparticles could reduce the water vapor permeability
of chitosan-based films [131]. Due to the nonpolar nature
of the lipid in the chitosan-based coating film, the water
vapor permeation could decrease with increasing the oil
concentration [132]. As reported by Souza et al. [133], the
resistance to the water vapor diffusion of chitosan films could
be increased by adding the carp oil. On the other hand, Zhang
et al. [134] indicated that chitosan films containing lavender
oil exhibited lower water vapor permeability. The decreasing
moisture sorption of chitosan coating film was observed with
increasing concentration of olive oils [132].The incorporation
of gallic acid could also decrease thewater vapor permeability
of chitosan coating films [113].

The addition of antimicrobial agents could influence the
mechanical property of chitosan-based coating. The coating
film of chitosan combined with acetic acid exhibited the
highest tensile strength and the lowest percentage elonga-
tion [127, 135]. Pereda et al. [132] reported that the tensile
properties of chitosan coating film could be improved with
increasing the concentration of olive oil.This might be due to
the interactions between lipid and carbohydrate phases and
the lubricant characteristics of oil [132]. The investigation of
Bedel et al. [97] also reported that the application of chitosan
combined with poly(ethylene glycol) or sodium bicarbonate
could be able to create the formation of desired pore in the
coating systems. The zein/chitosan composite films incorpo-
rated with the phenolic compounds and dicarboxylic acids
could exhibit better mechanical properties [136]. Ojagh et
al. [137] also demonstrated that the effect of cinnamon oil
on chitosan film might decrease its elongation at break. This
might be due to the strong interaction between the polymer
and cinnamon oil, which could produce a cross-linker effect
and decrease the molecular mobility and the free volume
of chitosan polymer. The arrangement of stacking layers of
cinnamon in chitosan film indicated that the formed compact
structure could induce the increase in the tensile strength and
the decrease in elongation at break.

4.4. Surface and Structural Characterization of Chitosan-
Based Coating. The surface structure and the loading capac-
ity of antimicrobial agents are very important for the applica-
tion of coating films. Therefore, the structural characteriza-
tion and surface observation were investigated and reported
by several researchers.Themicrostructure of chitosan coating
was observed by AFM and SEM in the investigation of
Xing et al. [1, 2, 18]. They reported that the distribution
of micropores might be inhomogeneous on the surface of
chitosan-based coating film. Xing et al. [18] displayed the
plane and the three-dimensional profiles for the surface of
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chitosan-based coating film. The micropore microstructure
was found on the surface of chitosan-based samples. The
analysis of AFM on the surface and microstructure of
chitosan-based coating was also conducted and the result
images were shown in Figure 9. The parameters 𝑅𝑎 and
𝑅𝑞 were always used to analyze the surface roughness of
coating film, which indicated the mean roughness and the
root mean square of𝑍 data in the AFM analysis, respectively.
The chitosan membrane with micropores could be used as
the carrier of antimicrobial agents, whichmight fill the empty
spaces of micropores in the films. This microstructure could
moderate the passing through of O2 and CO2 and prevent
the water loss from the surfaces of fruit [2, 18]. However,
as reported by Valenzuela et al. [22], SEM images indicated
that the superficial structures of chitosan and chitosan-
quinoa protein extracts (pH 8) films were homogeneous and
without pores. This might be due to the different sources
and property of chitosan and the interaction of additives and
chitosan. On the other hand, the structure of microcracking
matrices and micropores with different sizes was observed
after the addition of sun flower oil blends as 2.9 g/100mL
into the chitosan-quinoa protein extracts (pH 8) blend film.
The results of Song et al. [89] indicated that the diffused
network of nanosilica in chitosanmatrix was generated by the
formation of Si-O-C bonds and hydrogen bonds. TEM results
indicated that the highly porous structure was observed in
the chitosan/nanosilica film. Flores et al. [86] reported that
chitosan coating emulsions obtained by the high-pressure
homogenization method could reduce its apparent viscosity
and the droplet size. This chitosan film could display better
stability characteristics and surface properties that make
them suitable as a coating for the storage of fruit and vegetable
products.

The investigation of Cai et al. [29] analyzed the structure
characteristics of chitosan-based coating film by differential
scanning calorimetry and fourier transform infrared spec-
troscopy (FTIR). Results indicated that the absorbance bands
at 3438 cm−1 of chitosan-Ac (acetate) and 3422 cm−1 of nisin
were due to O-H stretching vibrations. It demonstrated that
the hydrogen bond was formed between chitosan and nisin.
On the other hand, their results also displayed that the
absorb bands at 1645 cm−1 of chitosan-Ac and 1659 cm−1
of nisin were assigned to C=O stretching vibrations of
the amide I band, which indicated that the electrostatic
interaction occurred between nisin and chitosan used in
the preparation process. Thermal analysis indicated that the
exothermic peak of chitosan/nisin (286∘C) was shifted to a
lower temperature compared with chitosan (306∘C). Han et
al. [68] also confirmed the chemical structure of chitosan
derivative by FTIR. The X-ray pattern of chitosan derivative
indicated an obvious disappearance or shift of crystalline
peaks compared to that of chitosan. Thermogravimetric
analysis suggested that the degradation peak temperature
of chitosan was much lower than that of thiolated chitosan
derivative. Moreover, in the investigation of Shi et al. [88],
the nanostructural organization of the chitosan/silica xerogel
hybrid membrane was observed by TEM. They indicated
that the chitosan/nanosilica coating exhibited highly porous

structure. The investigation of Abdollahi et al. [21] about
the X-ray diffraction characterization indicated that the crys-
talline structure of chitosan was strongly affected by its origin
and molecular constitution, as well as its processing treat-
ment.The results of FTIR for these chitosan/montmorillonite
nanocomposite films noted that the peaks between 3500 and
3000 cm−1 might be related to the stretching vibration of
free hydroxyl and to asymmetric and symmetric stretching
of the N-H bonds in the amino group. Two strong bands at
1541 and 1403 cm−1 were less discernible in the coating with
clay and rosemary essential oil, which might be associated
with OH in-plane bending. These peaks flattened more with
incorporating clay and rosemary essential oil. This may be
due to the hydrogen bonding among the -OH group in
montmorillonite, functional groups in rosemary essential
oil ingredients, and the -NH and -OH groups in chitosan.
FTIR results demonstrated that the hydrogen bondsmight be
formed by the electrostatic interaction between the cationic
groups of CH and the anionic groups of quinoa protein.
The investigation of Valenzuela et al. [22] also analyzed the
X-ray diffraction patterns of chitosan coating films. Results
displayed that the diffractogram of chitosan film showed
partially crystalline nature. Moreover, the intensity of the
diffraction-pattern peaks also indicated that the introduction
of sun flower oil into the film matrix might generate a less
crystalline structure [22].

5. Application of Chitosan-Based Coating on
the Storage of Fruits and Vegetables

Chitosan-based coatings could be used as a carrier for
antimicrobial agents and a protective barrier to reduce respi-
ration rates, control the microbial growth and color changes,
maintain the storage quality, and prolong the shelf life of fruits
and vegetables, such as red pitayas, apples, table grapes, pear,
peppers, tomato, lotus root, and mushroom [1, 2, 41].

Chien et al. [138] had applied the chitosan coating with
lowmolecular weight to keep the quality and extend the shelf
life of fresh-cut red pitayas.This coating could slow the reduc-
tion in sensory quality and maintain the contents of soluble
solid, titratable acidity, and ascorbic acid in fruits. Results also
demonstrated that the coating of chitosanwith lowmolecular
weight could inhibit the growth of microorganisms on sliced
red pitayas.

The investigation of Sun et al. [139] demonstrated that the
combination of chitosan coating with ascorbic acid improved
the preservation quality of litchi fruit during postharvest
storage period. The activities of polyphenol oxidase (PPO)
and POD were decreased in coated fruits. The activities
of SOD and the contents of ascorbic acid were increased
in treated fruit, which also exhibited the low contents of
hydrogen peroxide and MDA.

Hong et al. [122] suggested that the treatment of chitosan
could significantly control the loss of firmness and delay
the changes in the contents of MDA and chlorophyll in the
guava fruits. This treatment could induce the increase in the
activities of POD, SOD, and CAT and inhibit the production
of superoxide free radical in fruits. Result indicated that the
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Figure 9: Morphological and roughness analysis of chitosan-based coating by AFM ((a) AFM plane profile; (b) AFM three-dimensional
profile; (c) AFM profile information; (d) AFM image information) [57].

effect of chitosan on the increase of antioxidant ability might
be helpful for slowing the ripening process of guava fruit.

Gao et al. [117] reported that the chitosan-glucose com-
plex coating was effective for inhibiting the senescence
and diseases of table grapes. This combined coating could
decrease the decay and control the respiration rate and POD
and SOD activities of fruits. It could also ensure the high
sensory scores and extend the shelf life for grape fruits. dos
Santos et al. (2012) suggested that the application of chitosan
coating with Origanum vulgare L. essential oil could inhibit
the fungi growth on grape fruits [12].

In this investigation of Shi et al. [88], the coating of
chitosanwith nanosilica could significantly reduce theweight
loss, retard the browning index, and inhibit the increase of
MDA content and PPO activity in longan fruit.The decreases
in the contents of titratable acidity were controlled by this
coating.

This investigation of Saxena et al. [140] was conducted in
order to evaluate the quality changes of fresh-cut jackfruit
bulbs treated with CaCl2, ascorbic acid, citric acid, sodium
benzoate, and chitosan coating. Results indicated that this
combined treatment could reduce the loss of ascorbic acid
and restrict the microbial load on fruit samples.

Xu et al. [41] suggested that the application of oil fumi-
gation and chitosan coating could keep the microbiological
safety of fresh-cut pears.The smallest changes in the contents

of vitamin C and total phenolic were observed in the slices
coated by chitosan solution, which could also inhibit the
PPO activity of pear slices. Xiao et al. [77] indicated that
the chitosan coating with rosemary extracts might maintain
the sensory attributes for fresh-cut pears. The treatment
of calcium chloride, chitosan, and pullulan coating could
influence the antioxidant activity of pears [141].

Han et al. [142] showed that the chitosan coating was
effective in reducing the respiration rate and weight loss of
sponge gourd, which could maintain the firmness, visual
appearance, ascorbic acid content, and total phenolics con-
tent in fruit pulps. The chitosan treatment could markedly
suppress the activities of POD and phenylalanine ammonia-
lyase in sponge gourd fruits.

El-Eleryan et al. [143] reported that the dipping of
Washington Navel orange fruit in chitosan-based solution
was more effective in decreasing its weight loss. Coating with
chitosan and green tea was the better method to reduce fruit
decay, chilling injury, and POD activity.This treatment could
maintain the higher contents of ascorbic acid and soluble
solids in fruits.

Ibrahim et al. [144] demonstrated that pineapple fruits
without visual fungal growth and with better eating quality
were found in the treatment of chitosan during whole storage
period. The application of irradiated chitosan coating was
more effective for maintaining the ascorbic acid content in



16 International Journal of Polymer Science

the first 15 days of storage and keeping the storage quality of
pineapple.

Suseno et al. [145] reported that the banana samples
coated by chitosan with 80% degree of deacetylation demon-
strated the low losses of vitamin C. The losses of weight
and vitamin C could decrease with increasing the chitosan
concentration and deacetylation degree of chitosan. The
results demonstrated that the coating of chitosan with 80%
degree of deacetylation might be the most suitable solution
for banana.

Liu et al. [124] reported that plums treated with the
combination of chitosan and ascorbic acid exhibited a sig-
nificantly lower activity of PPO and higher activities of
SOD, CAT, and POD during the whole storage period. The
combination of chitosan and ascorbic acid could inhibit the
anthocyanin synthesis and decrease the activity of phenylala-
nine ammonia-lyase (PAL) in fruits.

Plainsirichai et al. [146] investigated that the chitosan
coating could control the weight loss and reduce the disease
incidence of rose apple fruits. Higher firmness of rose apples
coated with chitosan was found compared to that of the
control samples.

Petriccione et al. [147] reported that the chitosan coating
could significantly delay the changes in color, ascorbic acid
content, and respiration rate of sweet cherry. This treatment
prolonged its postharvest life and maintained its nutraceu-
tical value. The similar results on the strawberry fruits were
also observed by Petriccione et al. [148]. Velickova et al. [90]
also indicated that the coating of chitosan could decrease the
senescence, modify the respiration rates, and slow down the
metabolism of cherry.

Gol et al. [149] reported that the chitosan coating exhib-
ited positive effects on the inhibition of cell wall degrading
enzyme activities in carambola fruits. The fruits coated with
chitosan exhibited good visual quality after 12 days of storage.

Xing et al. [2] demonstrated that the chitosan-based
coating with cinnamon oil reduced the weight loss and decay
of jujube fruits. The decrease in the contents of vitamin C
and titratable acid could be inhibited by chitosan-oil coating,
which also influenced the activities of PPO and the MDA
content in fruits. Higher activities of scavenger antioxidant
enzymes, lower activity of PAL, and the increased MDA
content were also observed in the coated jujubes by other
researchers [27, 34, 150]. Chitosan coating with ultraviolet
irradiation could also delay the decline of ascorbic acid
content in jujube fruits [151].

Ban et al. [152] demonstrated that the application of
chitosan coating combined with the heat treatment could
maintain the higher levels of ascorbic acid and antioxidant
capacity as well as the lower decay level than that for the
untreated wolfberry fruits. The synergistically treated fruits
also exhibited a higher acceptability and the good quality of
wolfberry fruits after cold storage.

The investigation conducted by Sabaghi et al. [92] investi-
gated the effects of chitosan-based coatings incorporatedwith
the green tea extract on the lipid oxidation, fungal growth,
and sensory properties of walnut kernels. The inhibition
effective for fruits was found on the oxidation of lipid but not
on the growth of fungi.

Souza et al. [153] indicated that the lower values of mass
loss, browning, and higher titratable acidity were observed
in the mangoes treated by chitosan nanomultilayer coating.
As reported by Medeiros et al. [154], effect of the coating
of chitosan and pectin has been found on the consequent
extension of the shelf life of mangoes. Cissé et al. [155]
indicated that chitosan coatings with lactoperoxidase could
inhibit the fungal proliferation and the ripening of mango. It
provided a beneficial effect on the contents of total soluble
solids and ascorbic acid of fruits.

Waewthongrak et al. [156] reported that the application
of chitosan with crude extract from the culture medium of
Bacillus subtilis showed a significant reduction of fruit decay.
It was clearly demonstrated that the B. subtilis itself and its
crude extract and chitosan each induced the activities of POD
in the infected flavedo tissues of mandarin fruits.

Chong et al. [157] reported that the combined treatment
of chitosan and calcium chloride was the most effective to
control the weight loss decrease, keep in firmness, and inhibit
the mesophilic and psychrotrophic growths during storage.
This edible coating with calcium chloride might extend the
shelf life of fresh-cut honeydew melon.

Song et al. [89] reported that the use of chitosan/
nanosilica coating significantly delayed the browning and
weight loss of loquat fruit, which also inhibited the decrease
of titratable acidity in fruits. In the coated fruits, activities of
PAL, PPO, and lipoxidase were inhibited. This coating could
be effective in enhancing the chilling tolerance and extending
a longer life of loquat fruit.

Duran et al. [158] developed the chitosan coatings with
nisin, natamycin, pomegranate, and grape seed extract in
order to maintain the quality of strawberry. Chitosan coating
with natamycin could reduce the O2 consumption of fruits
and exhibit better effects on delaying the changes of total
soluble solid content and controlling the growth of microbial
counts for fruits.The high antimicrobial activities of chitosan
coatings with natamycin and with pomegranate were found
against bacteria, yeast, and mold. Khalifa et al. [94] reported
that the chitosan-based coating enriched with olive wastes
polyphenols could control the increase of malondialdehyde
and decay in coated strawberry fruits during cold-stored
time. The addendum of olive leaves extract into chitosan
coating significantly reduced the gradual decline in total phe-
nolics, flavonoids, antioxidants, ascorbic acid, and MDA of
strawberry. Wang and Gao [159] indicated that the treatment
of chitosan could maintain the higher content of phenolics
and anthocyanins in strawberries.

Zhou et al. [160] indicated that combination of chitosan
and Pichia membranifaciens could inhibit the infections of
Colletotrichum gloeosporioides on citrus fruits. It could also
control the mycelial and spore germination growth of C.
gloeosporioides. This inhibiting effect might be due to the
interactions among chitosan,P.membranifaciens,C. gloeospo-
rioides, and the citrus fruits.

The investigation by Kaya et al. [40] reported that the
use of chitosan with acetic acid could keep the better quality
of red kiwifruit berries. The changes in the weight loss,
firmness, total polyphenol content, and ascorbic acid content
were evaluated for coated fruits. Results revealed that the
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chitosan-based coating could become an effective technology
in enhancing the quality and extending the short life of red
kiwifruit berries.

Vieira et al. [93] confirmed that the treatment of chitosan-
based coatings with Aloe vera liquid fraction could reduce
water loss levels and keep themicrobiological safety of coated
blueberries after 25 d storage time. Yang et al. [161] indicated
that the higher content of total phenolics was observed in
blueberries treated with chitosan coatings with the extracts
of blueberry leaf. According to Sun et al. [162] and Abugoch
et al. [163], chitosan coating with essential oils was developed
to extend the storage life of fresh blueberries. Chiabrando
andGiacalone [164] also reported that chitosan coating could
decrease the microbial growth rate of berries fruits.

The investigation of Carvalho et al. [165] indicated that
the complex coating of chitosan with trans-cinnamaldehyde
might improve the firmness and color and maintain the
contents of vitamin C and carotenoid of fresh-cut melon
slices, which could prolong its shelf life up to 15 days. This
coating also reduced the levels of hydrogen peroxide radical
and leaded to low lipid peroxidation degree and electrolyte
leakage levels in fruits samples. The high visual quality and
the low browning-associated enzymes were also found in the
treated melon slices.

The investigation of Ma et al. [38] indicated that the
composite coating of chitosan, LAE, cinnamonoil, andEDTA
could control the growth of inoculated foodborne pathogens
on the whole cantaloupes during storage. This coating could
inhibit the redness and yellowness of cantaloupes.

The investigation of Xing et al. [17] reported that the
chitosan-based coating could slow the respiration rate and
prevent the browning of lotus root slices in packages. The
application of chitosan combined with modified atmosphere
packaging could exhibit the lowest PPO activity and the
highest sensorial quality in the slices at the end of storage.

Jiang et al. [34] suggested that the chitosan-glucose
coating could inhibit the increase of respiration rate and
reduce the microorganism counts in the coated shiitake
mushroom.This coating also delayed the changes of ascorbic
acid and soluble solids level andmaintained the better overall
quality of mushroom.

The investigation of Pushkala et al. [166] explored the
chitosan coating to extend the shelf life of shredded radish.
The fruits treated by chitosan exhibited lower degree of
weight loss, respiration rate, and soluble solids and higher
phytochemicals content than those in control samples. The
better sensory acceptability and lower microbial load were
observed in the treated samples.This coating could be used as
an efficient technique for keeping the quality of radish shreds.

Alvarez et al. [167] indicated that the treatment of chi-
tosan with essential oils could improve the microbial safety
of broccoli. Result indicated that this coating was a good
alternative for controlling the survival of E. coli and Listeria
monocytogenes present in broccoli and could not introduce
the deleterious effect on the sensory quality.

The investigation of Mustafa et al. [168] displayed that
the chitosan treatment could enhance the phenolic content
in tomatoes, which also delayed the ripening and maintained
the level of respiration. Moreover, Saha et al. [169] also

reported that the combined application of chitosan and whey
protein film could delay the decrease of ascorbic acid content
in potato tubers.

The investigation of Chen et al. [170] indicated that the
chitosan-based coating with methyl jasmonate was effective
in reducing the disease incidence and lesion diameter of
postharvest decay of cherry tomato. This coating resulted
in higher activities of PPO, POD, and PAL than that of the
control samples.

Li et al. [91] demonstrated that the molecular weight of
chitosan could affect the DPPH radical scavenging activ-
ity of chitosan-maltose Maillard reaction products (MRP).
Maltose-high molecular weight chitosan MRP showed the
better effects on inhibiting the activity of PPO, alleviating
declines of total soluble solids content in fresh-cut Typha
latifolia L.

Zhang et al. [83] indicated that the coating of chitosan-
g-salicylic acid could better inhibit the chilling injury of
cucumber. They reported that coating of chitosan-g-salicylic
acid could reduce the weight loss and limit the increases of
MDAcontent and electrolyte leakage in cucumber.Moreover,
this chitosan-based coating could increase the activities of
antioxidant enzymes such as SOD and CAT in cucumber
during storage.

Yang et al. [171] demonstrated that the combined applica-
tion of chitosan coating and ClO2 could inhibit the increase
of respiration rate and maintain the firmness, delay the
browning, and reduce the microorganism counts of fresh-
cut bamboo shoot. Furthermore, this combined coating could
inhibit the activities of PPO, POD, andPALduring the storage
period. The treatment of chitosan-based coating with ClO2
might be the promising method to prolong the life of fresh-
cut bamboo shoot.

Ali et al. [23] reported that chitosan-based coating
with lemongrass essential oil could maintain the quality
of bell pepper throughout the storage. The in vivo results
demonstrated that the application of chitosan-based coating
incorporated with essential oils was significantly better to
maintain the quality of pepper. As indicated by Xing et al.
[18], the application of chitosan coating with cinnamon oil
could exhibit the best control effects on the pepper decay
and the loss of sensory acceptability and provide the benefit
for the higher activities of scavenger antioxidant enzymes in
the pepper. The contents of MDA and electrolyte leakage in
coated peppers were lower than that in the control samples.
Poverenov et al. [128] indicated that the composite chitosan-
gelatin coating could control the microbial decay, enhance
fruit texture, and prolong the possible period of cold storage
up to 21 days.

Wang et al. [71] reported that chitosan could provide the
effective inhibition on the Sclerotinia rot of carrot, which
might induce the activity of defense-related enzymes, such as
PPO and POD.These results should be due to the property of
chitosan including its antimicrobial activity and its induction
of defense response in carrot. Simões et al. [172] demonstrated
before that the application of chitosan coating might reduce
the surface whiteness and preserve the sensory quality of
carrot sticks during storage.The chitosan edible coating could
moderate the levels of O2 and CO2 in the package and
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maintain quality of carrot sticks during storage. Pushkala
et al. [173] showed that the chitosan-citric acid coating was
found to be beneficial in reducing weight loss, controlling
the changes in total soluble solid content, and exhibiting the
lower respiration rate of carrot. It could alsomaintain its total
phenolic content and sensory and microbial safety after 10
days of storage.

Qiu et al. [174] indicated that chitosan with the low or
the high molecular weight could inhibit the radial growth
of Fusarium concentricum, which was separated from the
postharvest green asparagus. Their results also indicated that
any apparent sign of phytotoxicitywas not found in the coated
asparagus.The chitosan coating with low and high molecular
weight could keep the good quality over 28 days during the
cold storage time.

Mohammadi et al. [25] suggested that the chitosan-based
coating with Cinnamomum zeylanicum essential oil could
improve the physicochemical quality and microbiological
safety of cucumbers during storage. The coated cucumber
fruits expressed the better quality of being firmer, the main-
tained color, and the lower microbial counts. Its shelf life
could also extend up to 21 d at 10∘C.

Guerra et al. [78] demonstrated that the chitosan-based
coatings with Mentha piperita L. or Mentha × villosa Huds
might delay the growth of artificial inoculated fungi in
tomato fruit during thewhole storage time.These composited
coatings could preserve the quality and control the mold
infections of cherry tomato fruit.

These above works indicated that these chitosan-based
coatings enrichedwith antimicrobial agents can delay the rate
of respiration, decrease weight loss, and keep the nutrients
and sensory quality of fruits and vegetables. The impact of
these coatings has also been described on the shelf life and
the microbiological infection of agricultural products during
storage.

6. Future Trends of Chitosan-Based Coating
with Antimicrobial Agents

The use of nanosized particles as the antimicrobial agents
incorporated into the chitosan coating is very interesting
for many researchers. More studies are necessary to develop
the chitosan-based coating with nanoparticles in order to
understand the interactions between nanosized particles and
coating materials [84].

The thick coating film on the surface of fruits and
vegetables becomes an undesirable barrier for restricting the
exchange of respiratory gases. It is necessary to adjust its
thickness and improve its delivery properties. More research
is needed to resolve the problems of coating, such as high sen-
sitivity to humidity and unsatisfactory mechanical property.

The chitosan-based coating with a known allergen on
the food products should be clearly understood and labeled.
This is because of the fact that chitosan coatings with many
kinds of antimicrobial agents are made from ingredients that
might cause the allergic reaction on the surface of fruits and
vegetables, especially for fresh-cut slices. Further research on
this point is needed.

Other works that need to be done are to produce the
chitosan with consistent properties and establish the related
standards for its application [175]. The preparation and
application of chitosan-based coating should be conducted
on a commercial trial. Moreover, the lower cost of coating
films should be developed.

7. Conclusion

To effectively keep the storage quality and prolong the shelf
life of fruits and vegetables, the chitosan-based coating with
antimicrobial agents is increasingly developed as a relatively
convenient and safemeasure in recent years.The preparation,
property, mechanism, and application effectiveness on the
fruits and vegetables of chitosan-based coating with antimi-
crobial agents were reviewed. The chitosan-based coatings
with essential oils, acid, and nanoparticles were developed by
other researchers.The antimicrobial activity, functional prop-
erties, and surface and mechanical properties of chitosan-
based coating film are very important for its application on
the storage of fruits and vegetables, which were investigated
by many researchers before and introduced in this context.
Results reported by many researchers demonstrated that the
application of chitosan-based coating with different antimi-
crobial agents might become an interesting technology to
prevent the quality loss of postharvest fruits and vegetables.
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Mart́ınez, “Physical properties of edible chitosan films con-
taining bergamot essential oil and their inhibitory action on
Penicillium italicum,” Carbohydrate Polymers, vol. 82, no. 2, pp.
277–283, 2010.

[38] Q. Ma, Y. Zhang, F. Critzer, P. M. Davidson, and Q. Zhong,
“Quality attributes andmicrobial survival onwhole cantaloupes
with antimicrobial coatings containing chitosan, lauric arginate,
cinnamon oil and ethylenediaminetetraacetic acid,” Interna-
tional Journal of Food Microbiology, vol. 235, pp. 103–108, 2016.

[39] I. Khalifa, H. Barakat, H. A. El-Mansy, and S. A. Soliman,
“Improving the shelf-life stability of apple and strawberry fruits
applying chitosan-incorporated olive oil processing residues
coating,” Food Packaging and Shelf Life, vol. 9, pp. 10–19, 2016.
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