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Introduction

Postharvest fruit and vegetable are living organisms, undertaking 

metabolism ceaselessly. �eir character such as nutrition, favor, 

and appearance deteriorated during the process of storage and 

transportation owing to water loss, browning, decay, and so on [1,2]. 

�us, the commercial value also decreases and many damages are 

caused to producer. To extend the shelf life of postharvest fruit and 

vegetable, some e ective measures including low temperature, modied 

atmosphere packaging, irradiation and coating, have been applied [3-

5]. In those measures, edible coating is one of promising methods 

because of its particular properties, which could avoid moisture loss 

and aromas loss, and inhibit the oxygen penetration to the plant tissue 

or microbial growth. In addition, edible coating is convenient and 

conforms to food safety [6]. Many materials such as polysaccharides, 

proteins, essential oils, may economically serve as edible coatings [7-9].

Chitosan is a linear polysaccharide consisting of β-(1→4)-linked 

2-amino-2- deoxy-D-glucose residues, originating from deacetylated

derivative of chitin, which is the second most abundant polysaccharide

in nature a�er cellulose. It was non-toxic, biodegradable, biofunctional,

and biocompatible. Chitosan has strong antimicrobial and antifungal

activities that could e ectively control fruit decay [10]. It could easily

form coating on fruit and vegetable, and the respiration rate of fruit

and vegetable was reduced by adjusting the permeability of carbon

dioxide and oxygen [11]. Considering the superior properties of

chitosan, it has been successfully used in many postharvest fruits and

vegetables, such as grape, berry, jujube and fresh-cut lotus root [9,12-

14]. �ough chitosan coating has many advantages to the preservation

of postharvest fruit and vegetable, as for specic fruit or vegetable,

single chitosan coating sometimes demonstrates a certain defect, which

includes limited inhibition to especial microorganism that leads fruit to

decay, and poor coating structure to adjust the permeability of carbon

dioxide and oxygen [15]. To e ectively apply the chitosan coating, the

chitosan was combined with other substances. In addition, the single

chitosan coating was o�en combined with physical methods such as

short heating, short gas fumigation, modied atmosphere packaging,

and so on [3,5,16].

�is review attempts to summarize the general development of 

various chitosan-based coatings, based on the current situation of 
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Abstract
Edible coating is beneficial to the shelf life of postharvest fruit and vegetable. Chitosan-based coating was 

concerned in recent years owing to its non-toxic, biodegradable, and biocompatible properties. In view of the 
deficiency of single chitosan coating, there are two main methods to improve the property of chitosan-based coating 
at present. One method is that the chitosan were combined with organic compounds, inorganic compound, or 
biological control agents. The other method is that single chitosan coating was applied with non-coating remedies 
including heat treatment, hypobaric treatment, gas fumigation, and modified atmosphere packaging. After applying 
improved chitosan-based coating, the preserving effects were increased in most of the cases compared with 
single chitosan coating. 
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research and progress in the preservation of fruit and vegetable. We 
expect that this review will provide insights for researchers working in 
postharvest preservation. 

Chitosan Based Composite Coating

Composite coating of chitosan and organic compounds 

Chitosan combined with essential oil: Essential oils are natural 
antioxidant and antimicrobial lipidic substances extracted from plants. 
Most of them consist of a mixture of terpens, terpenoids and other 
aromatic and aliphatic constituents [17]. �ey are gaining increasing 
interest because of relatively safe status, wide acceptance by consumers, 
and exploitation for potential multi-purpose functional uses. Film-
forming dispersions (FFD) were prepared with 1% high molecular 
weight chitosan and 3% lemon essential oil. Chitosan coatings did 
not show a signicant e ect in terms of the acidity, pH and soluble 
solid content of strawberries throughout storage. In contrast, coatings 
slowed down the respiration rate of samples when lemon essential 
oil was added to the FFD. Adding lemon essential oil enhanced the 
chitosan antifungal activity both in vitro tests and during cold storage 
in strawberries inoculated with a spore suspension of Botrytis cinerea 
[12].

Chitosan combined with organic acid: Organic acids are weak 
acids and do not dissociate completely in water, whereas the strong 
mineral acids do. Contrary to the use of mineral acids, organic acids 
are easy to handle, non-corrosive in nature, biodegradable and cause 
no harm to the coated fruit and vegetable. �ey have been used as 
substitutes for sulte to prevent enzymatic browning, alone or in 
combination with antimicrobial agent [18]. �e e ect of chitosan 
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coating combined with phytic acid on the preservation of fresh cut 
lotus root was investigated. �e result showed that composite coating 
with 1% chitosan and 1% phytic acid could decrease the weight loss 
rate and malondialdehyde (MDA) content of fresh-cutting lotus 
root, postpone browning, restrain the activities of peroxidase (POD), 
polyphenol oxidase (PPO) and phenylalanine ammonia-lysae (PAL), 
and maintain the content of vitamin C and polyphenol at relatively 
high level. At day 8, the weight loss rate of coated fresh cut lotus root 
was one half of control, MDA content was 18.8% lower, and L value 
was 51.2% higher than that of control sample. Composite coating with 
chitosan combined phytic acid is an e ective method to preserve fresh 
cut lotus root, superior to single chitosan coating [19]. However, acid-
dissolved chitosan solutions develop bitterness and astringency tastes, 
making chitosan coated foods less practical on the real market [20]. 

Chitosan combined with other organic matters: Other organic 
matters such as ethanol, wax, and so on, could also improve the 
properties of chitosan coating in fruit preservation. Articially 
inoculated single berries or clusters were immersed in chitosan, 
ethanol, or their mixture. �e tests with small clusters were carried 
out to simulate commercial prolonged cold storage of table grapes. 
�e combination of reduced doses of chitosan and ethanol improved 
the control of gray mold of table grapes compared to their application 
alone, and the e ect was at least additive and at times synergistic [21]. 

Composite coating of chitosan and inorganic compound

Chitosan combined with metalions: Calcium ions perform 
multiple roles in plant cell physiology. �ey are important intracellular 
messengers, mediating responses to hormones, biotic and abiotic stress 
signals and a variety of developmental processes [22]. �ey also play 
an essential role in the structural maintenance of membranes and 
cell walls. Calcium ions cross-link free carboxyl groups on adjacent 
polygalacturonate chains present in the middle lamella of the plant 
cell wall contributing to cell–cell adhesion and cohesion. Preharvest 
and postharvest treatments with calcium salts have been e ective in 
controlling several physiological disorders, reducing the incidence of 
fungal pathogens and maintaining fruit rmness [23]. Strawberries 
(Fragaria ×ananassa Duch.) were coated with chitosan combined 
with calcium gluconate. Following treatment, strawberries were stored 
at 10°C and 70 ± 5% RH for one week. No sign of fungal decay was 
observed during the storage period for fruit coated with 1.5% chitosan 
or 1% chitosan+0.5% CaGlu. By contrast, 12.5% of the strawberries 
coated with 1% chitosan lacking calcium salt were infected a�er ve days 
of storage. And addition of calcium to the chitosan solution increased 
the rmness and nutrients of the fruit [24]. In addition, zinc ion also 
attracted the interest of several researchers, because of its physiological 
functions. Zinc is one of the most important essential micro-metallic 
elements in the human body. It is an essential component of a number 
of important proteins and is indispensable for its stability and catalytic 
functions [25]. Cerium ion has good antibiotic capability and cleavage 
of the phosphodiester [26]. �e complex of zinc (II) and cerium (IV) 
with chitosan had been applied for preserving Chinese jujube fruits 
to expand their shelf life and decrease residues of organophosphorus 
pesticides on the fruits [27].

Chitosan combined with inorganic nano-material: Emerging at 
the end of the 1980s, nanotechnology is currently rapidly developing 
and being widely used in the material, chemical, and physical elds. 
Di erent from normal-sized substances, nano-sized substances show 
quanta size, small size, surface, and macroscopic quanta size e ects 
[28]. At present, nano-ZnO, nano-silicon and nano-CaCO

3
 were used 

in postharvest fruit preservation. �e e ect of 1% chitosan lm with 

0.04% nano-silicon dioxide on the qualitative properties of harvested 
jujube under ambient temperature was investigated. A�er 32 day, the 
red index, decay incidence, weight loss, and respiration rate of the 
coated jujubes were lower compared with those of the control. �e lower 
PAL activity and higher activities of scavenger antioxidant enzymes 
(i.e., SOD, POD, and CAT) of the coated jujubes can be attributed 
to the compound coating. Increased MDA in the coated jujubes was 
restrained. Composite coating had shown to be superior in preserving 
total «avonoid than chitosan coating alone. But no di erences were 
observed in terms of vitamin C loss and total polyphenol content 
between composite coating and control [13,29,30].

Composite coating of chitosan and biological control agents

Biological control with antagonistic microorganisms has been 
considered the most promising alternative method for inhibition of 
postharvest diseases in recent years, especially for control of wound-
invading pathogens [31]. At present there are several commercial 
products available in the market for postharvest use, such as Biosave 
(Pseudomonas syringae) registered in the USA and “Shemer” 
(Metschnikowia fructicola) registered in Israel [32]. �e application of L. 
enzymogenes 3.1T8 in combination with chitosan reduced the number 
of diseased plants by 50-100% in four independent experiments relative 
to the Pythium control of preserved cucumber. However, application 
of chitosan or the bacterial inoculant alone was not e ective [33]. 

Chitosan Coating Combined With Non-Coating 

Treatment

Integrated application of chitosan coating and heat treatment

Heat treatment is an e ective non-chemical method for controlling 
postharvest pests and diseases if suitable combinations of temperatures 
and exposure times are selected to prevent quality loss. �e use of a 
combination of such techniques in the postharvest handling of fresh 
products is increasing [34]. Apples (Malus domestica Borkh. cv. 
Gala) were heat-treated at 38°C for 4  days (heat treatment) before 
or a�er coated with 1% chitosan. Following treatment, apples were 
stored at 0°C for 8  weeks and 20°C for 7  days as shelf life. �e heat 
treatment + chitosan treated fruit showed the lowest respiration rate, 
ethylene evolution, malondialdehyde and membrane leakage, and the 
highest rmness and consumer acceptance among the treatments. At 
the same time, this combined treatment could inhibit the lost of green 
color, titratable acidity and weight loss compared with HT alone [16].

Integrated application of chitosan coating and hypobaric 

treatment

Among the physical means for controlling postharvest decay of 
fruit and vegetables, the use of sub-atmospheric pressure treatments 
has been largely unexploited to date. It has been reported that hypobaric 
treatments, applied during all or almost all of the storage period, delay 
the ripening of some climateric fruits. �e e ectiveness of chitosan and 
short hypobaric treatments to control storage decay of sweet cherries 
was investigated over 2 years. �e results indicate that the combination 
of hypobaric and chitosan treatments is a valid strategy for increasing 
the e ectiveness of the treatments in controlling postharvest decay of 
sweet cherries [35,36].

Integrated application of chitosan coating and gas fumigation

1-methylcyclopropene (1-MCP), an inhibitor of ethylene 
action, acts at very low concentration for delaying fruit ripening and 
improving storage quality of many fruits and vegetables. It is nontoxic, 
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odorless and highly e ective and has also been commercially used to 
extend the storage life of horticultural products [37]. �e combination 
of 1-MCP and chitosan coating could e ectively improve the storage 
life extension and quality maintenance of Indian jujube fruit at room 
temperature storage [38].

Integrated application of chitosan coating and modi�ed 

atmosphere packaging

Modied atmosphere packaging (MAP) is an important technique 
for modifying the in-package atmosphere using polymeric lms with 
or without perforations to reduce quality deterioration and improve 
shelf-life of the packaged fruits and vegetables through water loss, 
metabolic and microbial activity reduction. Reuck et al found that the 
combination of chitosan (1.0 g L−1) + MAP (control) was e ective in 
preventing decay, browning and retaining the pericarp color in the 
cultivar McLean’s Red compared with single MAP. Chitosan (1.0 
gL−1) + MAP signicantly reduced PPO and POD activity, retained 
membrane integrity, anthocyanin content and prevented the decline of 
pericarp color values during storage [39].

Conclusion

To e ectively extend the shelf life of postharvest fruit and 
vegetable, chitosan-based coating as a relatively convenient and safe 
measure, is more and more concerned in food industry in recent years. 
In view of the deciency of single chitosan coating, there are two main 
methods to improve the property of chitosan coating. One method 
is that the chitosan were combined with organic compounds such as 
essential oil, organic acid, or inorganic compound including metal 
ions and inorganic nano-material, as well as biological control agents. 
�e other method is that the single chitosan coating was applied with 
physical remedies containing heat treatment, hypobaric treatment, 
gas fumigation and modied atmosphere packaging. A�er applying 
improved chitosan-based coating, the preserving e ects were increased 
in most of the cases compared with single chitosan coating.
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