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Chitosan and other edible coatings to extend shelf life,
manage postharvest decay, and reduce loss and waste
of fresh fruits and vegetables
Gianfranco Romanazzi and Marwa Moumni

Fresh fruits and vegetables contain high percentage of water
and continue metabolic activity after being harvested,
resulting in ripening, increased sensitivity to decay-causing
fungi, and consequent loss and waste. Edible coatings are
prepared from naturally occurring renewable sources and can
contribute to reducing waste, respecting environment, and
consumer health. Chitosan and other edible coatings form a
thin layer surrounding fresh produce that acts as a protective
agent, extending shelf life, and have the potential to control
their ripening process and maintain nutritional properties of
the coated product. This review discusses recent research on
the application of chitosan and other edible coatings to
prevent fungal decay, keep the quality, and reduce fresh
product waste.
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Introduction
The rapidly increasing world population makes it
challenging to ensure global food security and to pro-
vide sufficient production of highly nutritious and high-

quality food in sustainable ways. Fruits and vegetables
contribute importantly to healthy human diets and help
prevent malnutrition [1]. Fresh product is highly per-
ishable, and once harvested, needs to be handled using
appropriate technologies to maintain quality and pro-
long shelf life [2]. Over time, quality characteristics
such as color, flavor, weight, nutritional value, and
bioactive compounds deteriorate as a result of senes-
cence. In addition, plant diseases cost the global
economy around $220 billion annually and reduce crop
productivity and quality, leading to rising food prices
and global food insecurity [3]. Reducing fresh fruit and
vegetable loss and waste can help decrease the pressure
on food-production systems, particularly within the
context of finite natural resources and climate change
[4]. Furthermore, there is an increased consumer
awareness of pesticide residues in foods, which has
motivated the search for natural and environmentally
friendly alternative strategies to control preharvest and
postharvest diseases [5•,6]. The use of edible coatings
with antifungal properties has emerged as a technology
to protect fruits and vegetables from postharvest decay-
causing fungi. A wide range of studies demonstrated
antimicrobial activity of edible coatings against Botrytis
cinerea, Colletotrichum spp., Penicillium spp., and Alter-
naria spp. [7–9••]. Coatings can change in the com-
position of the atmosphere surrounding the fruit, which
results in creating a barrier to gas exchange, such as
oxygen, carbon dioxide, and ethylene, which are in-
volved in respiration process [10] (Figure 1). Different
edible coatings have been reported to preserve nutri-
tional value of fruits similar or even better than the
conventional packaging.

The number of studies on application of edible coatings
on fresh products has increased considerably in recent
years, demonstrating interest of the scientific community
in the subject (Figure 2). Edible coatings were prepared
from naturally occurring renewable sources such as
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polysaccharides, proteins, lipids, and extracts of various
plants rich in bioactive compounds. Edible coatings are
thin layers (usually less than 0.3 mm) that cover the
surface of fresh fruits and vegetables and that can be
eaten, while remaining undetectable on the tongue [11].
The studies involving chitosan represent around half of
the total investigations on edible coating on fruits or
vegetables (Figure 2). Other common edible coatings are
pectin, Aloe vera, cassava starch, shellac, carnauba wax,
and hydroxypropylmethyl-cellulose. Different methods

could be used to apply edible coatings on fruits and
vegetables, such as dipping, spraying, and brushing fol-
lowed by air-drying [12–14].

Chitosan
A large number of edible coatings is available, and
among them, chitosan is the most common. Chitosan (β-
(1,4)-2-amino-2-deoxy-D-glucose) is a natural biopo-
lymer, obtained by deacetylation of chitin, which is the
second most important polysaccharide in nature after
cellulose, and is present in the exoskeleton structure of
marine invertebrates, insects, as well as fungi, algae, and
yeast [15,16]. Chitosan is one of the most used edible
coatings due to its biocompatibility, biodegradability,
and bioactivity, since it is a powerful material that can be
applied in human medicine, cosmetics, and agriculture.
When applied on fruits and vegetables, chitosan can
elicit host defenses, have antimicrobial activity toward
decay-causing fungi, and produce a semipermeable film
on a treated surface [17]. This edible coating has been
widely applied in postharvest preservation of fresh fruits
and vegetables. The scientific literature dealing with
edible coatings using chitosan has increased in recent
years. This can be explained by the importance of
chitosan in plant protection as a natural fungicide and
plant-defense booster, and its use to prolong the storage
of an array of fruits and vegetables worldwide. In 2014,
chitosan hydrochloride was approved as one of the first
basic substances for plant protection by the European
Union (Reg. EU 2014/563), and a second chitosan for-
mulation was approved in 2022 (Reg. EU 2022/456) [5•].
This biopolymer can form a semipermeable film on fruit

Figure 1
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Main proprieties of edible coatings applied on fruits and vegetables,
affecting the permeability to ethylene (C2H4), water (H2O), oxygen (O2),
and carbon dioxide (CO2).

Figure 2
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Number of documents available on Scopus through searches with keywords “edible coating and fruit or vegetables; chitosan, postharvest or post-
harvest and fruit or vegetables” in “Article title, Abstract, and Keywords” published over the last 10 years (
Source: Scopus, accessed on 26 June 2022; https://www.scopus.com).

2 Food Biotechnology

www.sciencedirect.comCurrent Opinion in Biotechnology 78 (2022) 102834

https://www.scopus.com


T
ab

le
1

E
xa

m
p

le
s

o
f

st
ud

ie
s

o
n

th
e

ap
p

lic
at

io
n

o
f

ch
it

o
sa

n
al

o
ne

an
d

co
m

b
in

ed
w

it
h

o
th

er
co

m
p

o
un

d
s

to
co

nt
ro

lp
o

st
ha

rv
es

t
d

is
ea

se
s

o
f

fr
es

h
fr

ui
ts

an
d

ve
g

et
ab

le
s.

C
ro
p

Tr
ea
tm
en
t

D
ec
ay

H
os
t-
d
ef
en
se

el
ic
ita
tio
n

R
ef
er
en
ce

P
at
ho
ge
n

A
rt
ifi
ci
al
in
oc
ul
at
io
n/

na
tu
ra
li
nf
ec
tio
na

In
hi
b
iti
on

d
is
ea
se

in
ci
d
en
ce
/s
ev
er
ity
*

O
ra
ng
e

C
hi
to
sa
n

P
en

ic
ill
iu
m

d
ig
ita

tu
m

A
I

10
.0
%

–b
[2
2]

C
hi
to
sa
n
+
p
om
eg
ra
na
te
p
ee
le
xt
ra
ct

49
.0
%

–
C
hi
to
sa
n
+
p
om
eg
ra
na
te
p
ee
l

ex
tr
ac
t/
m
L
+
W
ic
ke

rh
am

om
yc

es
an

om
al
us

95
.0
%

–

M
an
go

C
hi
to
sa
n
+
th
ym
e
oi
l

C
ol
le
to
tr
ic
hu

m
gl
oe

os
p
or
io
id
es

A
I

77
.6
%
*

–
[2
3]

d
ec
ay

N
I

74
.2
%

–
C
hi
to
sa
n
+
La

ct
ob

ac
ill
us

fe
r-
m
en

tu
m

C
.
gl
oe

os
p
or
io
id
es

A
I

88
.8
%

–
[2
4]

B
ot
ry
od

ip
lo
d
ia

th
eo

b
ro
m
ae

77
.7
%

S
ou
rs
op

C
hi
to
sa
n

C
.
gl
oe

os
p
or
io
id
es

A
I

85
.0
%

–
[2
5]

A
p
p
le

C
hi
to
sa
n

B
ot
ry
tis

ci
ne

re
a

A
I

13
.6
%

–
[7
]

Ta
ng
er
in
e

P
.
d
ig
ita

tu
m

27
.7
%

C
hi
to
sa
n
+
Fi
cu

s
hi
rt
a
V
ah
l.

fr
ui
t
ex
tr
ac
t

P
.
ita

lic
um

A
I

56
.4
%

–
[2
6]

S
tr
aw
b
er
rie
s

C
hi
to
sa
n

B
.
ci
ne

re
a

N
I

40
.0
%

–
[2
7]

C
hi
to
sa
n
+
ca
ro
te
no
p
ro
te
in
s

33
.3
%

P
ap
ay
a

C
hi
to
sa
n

C
.
gl
oe

os
p
or
io
id
es

N
I

11
.0
%

P
A
Lc
(+
+
+
);
FL
S

(+
+
);
U
FG
T
(+
+
)

[8
]

C
hi
to
sa
n
+
R
ut
a
gr
av

eo
le
ns

es
se
nt
ia
lo
il

36
.8
%

G
ua
va

C
hi
to
sa
n
+
C
ym

b
op

og
on

ci
tr
at
us

es
se
nt
ia
lo
il

C
ol
le
to
tr
ic
hu

m
as

ia
nu

m
A
I

70
.5
%

–
[2
8]

C
ol
le
to
tr
ic
hu

m
fr
uc

tic
ol
a

81
.2
%

C
ol
le
to
tr
ic
hu

m
tr
op

ic
al
e

47
.2
%

C
ol
le
to
tr
ic
hu

m
si
am

en
se

33
.0
%

M
an
go

C
.
as

ia
nu

m
63
.0
%

C
.
fr
uc

tic
ol
a

91
.8
%

C
.
tr
op

ic
al
e

78
.2
%

C
.
si
am

en
se

82
.0
%

C
ol
le
to
tr
ic
hu

m
ka

rs
tii

10
0%

P
ap
ay
a

C
.
as

ia
nu

m
91
.2
%

C
.
fr
uc

tic
ol
a

74
.6
%

C
.
tr
op

ic
al
e

28
.0
%

C
.
si
am

en
se

67
.7
%

C
.
ka

rs
tii

84
.4
%

A
vo
ca
d
o

C
hi
to
sa
n

C
.
gl
oe

os
p
or
io
id
es

N
I

72
.0
%

P
A
L
(+
+
);
C
H
S
(+
);

FL
S
(+
);
av
fa
d
12
–3

(+
+
)

[2
9]

Chitosan and other edible coatings Romanazzi and Moumni 3

www.sciencedirect.com Current Opinion in Biotechnology 78 (2022) 102834



T
ab

le
1
(c
on

tin
ue

d
)

C
ro
p

Tr
ea
tm
en
t

D
ec
ay

H
os
t-
d
ef
en
se

el
ic
ita
tio
n

R
ef
er
en
ce

P
at
ho
ge
n

A
rt
ifi
ci
al
in
oc
ul
at
io
n/

na
tu
ra
li
nf
ec
tio
na

In
hi
b
iti
on

d
is
ea
se

in
ci
d
en
ce
/s
ev
er
ity
*

C
hi
to
sa
n

C
.
gl
oe

os
p
or
io
id
es

N
I

65
.7
%

P
A
L
(+
+
);
C
H
S
(+
);

av
fa
d
12
–3
(+
)

[3
0]

C
hi
to
sa
n
+
va
ni
lli
c
ac
id

92
.8
%

C
hi
to
sa
n
+
ca
ff
ei
c

ac
id

88
.5
%

C
hi
to
sa
n

La
si
od

ip
lo
d
ia

th
eo

b
ro
m
ae
,
C
.

gl
oe

os
p
or
io
id
es

N
I

40
.0
%

P
A
L
(+
+
+
)

[3
1]

C
hi
to
sa
n
+
p
he
ny
l-

al
an
in
e

A
lte

rn
ar
ia
sp
p
.,
C
.
gl
oe

os
p
or
io
id
es

N
I

40
.0
%

P
A
L
(+
)

[3
2•
]

G
ra
p
es
(c
v.
K
yo
ho
)

C
hi
to
sa
n

B
.
ci
ne

re
a

A
I

63
.4
%

–
[3
3]

G
ra
p
es
(c
v.
S
hi
ne

M
us
ca
t)

72
.7
%

C
itr
us

m
ax

im
a

C
hi
to
sa
n

La
si
od

ip
lo
d
ia

p
se

ud
ot
he

ob
ro
m
ae
,

A
lte

rn
ar
ia

al
te
rn
at
a,

P
.
d
ig
ita

tu
m

A
I

10
0%

–
[3
4]

A
p
ric
ot
s

C
hi
to
sa
n
+
or
eg
an
o
es
se
nt
ia
lo
il

A
.
al
te
rn
at
a

A
I

42
.8
%

–
[3
5]

C
uc
um
b
er

C
hi
to
sa
n

Fu
sa

riu
m

so
la
ni

A
I

57
.1
%
*

–
[3
6]

*
S
ev
er
ity
in
hi
b
iti
on
.

a
N
I:
na
tu
ra
lly
in
fe
ct
ed

fr
ui
t;
A
I:
ar
tifi
ci
al
ly
in
oc
ul
at
ed
.

b
–:
N
o
d
at
a
av
ai
la
b
le
.

c
P
A
L:
p
he
ny
la
la
ni
ne
am
m
on
ia
ly
as
e;
FL
S
:fl
av
on
ol
sy
nt
ha
se
;U
FG
T:
fla
vo
no
id
3-
O
-g
lu
co
sy
ltr
an
sf
er
as
e;
C
H
S
:c
ha
lc
on
e
sy
nt
ha
se
ge
ne
;a
vf
ad
12
–3
:f
at
ty
ac
id
d
es
at
ur
as
e;
+
3-
fo
ld
;+
+
=
3–
10
-f
ol
d
;

+
+
+
>
10
-f
ol
d
.

4 Food Biotechnology

www.sciencedirect.comCurrent Opinion in Biotechnology 78 (2022) 102834



and vegetable surfaces, which reduces respiration rate by
adjusting the permeability of O2 consumption and CO2
production, and increased antioxidant activity [18].
Chitosan has broad-spectrum antimicrobial activity and
proven inhibitory effects on a range of postharvest fungal
pathogens [9••]. Landi et al. [8] showed that chitosan
can act as an exogenous elicitor inducing activities of
several defense-related enzymes in papaya fruit. In re-
cent years, numerous studies have revealed the effec-
tiveness of chitosan applied alone or combined with
other natural compounds to maintain the physical
properties of various fruits and vegetables (Table 1).
The incorporation of various essential oils into polymer
matrices has attracted widespread attention because this
biopolymer reduced the volatility of essential oils and
masks poor flavor of essential oils [19–21]. Several
commercial chitosan formulations are available on the
market to be used as a biopesticide (Table 2).

Other edible coatings
Edible coatings, such as shellac, carboxymethyl cellu-
lose, hydroxypropyl methylcellulose, bee wax, and gly-
cerol, can have different applications and activities
(antifungal, antioxidant, and additives). Most of the

studies on edible coatings focus on blending multiple
polymers or incorporating different components to ob-
tain edible materials with appropriate functionality that
works with a specific fruit or vegetable requirement.
Some edible coatings, such as hydroxypropyl methyl-
cellulose, do not possess antimicrobial activities, but are
used to enhance antifungal activity of incorporated es-
sential oils [37]. The incorporation of essential oil with
Aloe vera showed a higher rate of inhibition of Colleto-
trichum musae on banana than Aloe vera alone [38]. Ap-
plication of edible coating to fruits and vegetables
inhibited the infections by decay-causing fungi by
20–100% (Table 3). The combination of shellac with
carvacrol or thymol reduced grapefruit decay and sup-
pressed chilling injury [39]. The combination of car-
boxymethyl cellulose and stearic acid with
phenylalanine reduced decay incidence and severity and
improved the flavor of avocado fruit [32]. Pectin is
a natural antifungal coating able to control postharvest
decay of citrus [40••,41]. The coating of peach with
pectin-containing rhubarb extract improved postharvest
quality and prolonged shelf life [42]. Exopolysaccharide
with Lactiplantibacillus plantarum was able to totally in-
hibit the growth of Fusarium spp., Rhizopus stolonifer on

Table 2

Examples of chitosan-based commercial products that are available for the control of diseases of fresh fruits and vegetables (modified by
Romanazzi et al. [17]).

Product trade name Company (country) Formulation Active ingredient (%)

Chito plant ChiPro GmbH (Bremen, Germany) Powder 99.9
Chitosano Agrilaete (Palmanova, UD, Italia) Powder 100
Chitosano denso Liquid 50
OII-YSa Venture Innovations (Lafayette, LA, USA) Liquid 2
KaitoSol Advanced Green Nanotechnologies Sdn Bhd (Cambridge, United Kingdom) Liquid 12.5
Armour-Zen Botry-Zen Limited (Dunedin, New Zealand) Liquid 14.4
Biorend Bioagro S.A. (Chile) Liquid 1.25
Kiforce Alba Milagro (Milano, Italy) Liquid 6
FreshSeal BASF Corporation (Mount Olive, NJ, USA) Liquid 2.5
ChitoClear Primex ehf (Siglufjordur, Iceland) Powder 100
Bioshield Seafresh (Bangkok, Thailand) Powder 100
Biochikol 020 PC Gumitex (Lowics, Poland) Liquid 2
Kadozan Lytone Enterprise, Inc. (Shanghai Branch, China) Liquid 2
Kendal Cops Valagro (Atessa, CH, Italy) Liquid 4
Mastgrape Enocea (Vegrar, VR, Italy) Liquid 5
Prevatect Ascenza (Saronno, VA, Italy) Liquid 5
Chitosano Serbios Serbios (Badia Polesine, RO, Italy) Liquid 5
Chitosano Bioplanet Srl (Cesena, Italy) Liquid 1.9
Chitosano DC Dal Cin Gildo Spa (Concorezzo, MB, Italy) Liquid 2
Ibiscob Gowan Italia s.r.l. (Faenza, RA, Italy) Liquid 15

a Contains 6% yucca extract.
b The formulation is based on an average of 12.5% of COS (chito-oligosaccharides)-OGA (oligo-galacturonides), with a chitosan concentration
of 15%.
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the cherry tomato [43]. Starch-based coatings control
pathogenic fungi and bacteria only if amended with
antifungal ingredients, such as essential oil and sodium
benzoate [44–46]. Therefore, the combination of dif-
ferent edible coatings with compounds presenting anti-
fungal properties has emerged as alternative technology
to protect fresh product from postharvest pathogenic
fungi.

Conclusions
Many countries are increasingly restricting the use of
synthetic pesticides, and export markets are demanding
fruits and vegetables with residue levels of zero, or lower

than the allowed thresholds established by official reg-
ulations. Researchers are continuously exploring the role
of coatings made from natural ingredients that represent
an environmentally friendly solution since they are
biodegradable, can be consumed with the packaged
product, and the main ingredients are produced from
renewable resources. The use of chitosan and other
edible coating has shown promising results in extending
shelf life, maintaining quality through reduced gas ex-
change, slowing down ripening, and inducing host-de-
fense mechanisms. Edible coating might complement or
replace traditional preservation methods, but un-
fortunately, most of the studies are conducted at

Table 3

Example of edible coatings applied to fresh fruits and vegetables to manage postharvest decay and extend shelf life.

Crop Treatment Decay Reference

Pathogen Artificial
inoculation/
natural infectiona

Inhibition of
disease
incidence/
severity*

Grapefruit Shellac + carvacrol Lasiodiplodia
theobromae

NI 26.0% [39]
Shellac + thymol 39.1%

Avocado Carboxymethyl cellulose + stearic
acid + phenylalanine

Colletotrichum
gloeosporioides and
Alternaria spp.

NI 80.0% [32]

Mango HPMCb + ginger essential oil C. gloeosporioides NI 38.0%* [37]
HPMC+ plai or fingerroot essential oil NI 20.0%*
HPMC+ ginger essential oil AI 42.5%*
HPMC+ plai essential oil AI 40.8%*
HPMC+ fingerroot essential oil AI 26.0%*
HPMC+ bee wax C. gloeosporioides NI 66.6% [47•]

Mandarin HPMC+ bee wax + potassium sorbate Lasiodiplodia
theobromae

AI 50.0%* [48]
HPMC+ bee wax + sodium benzoate 38.0%*
HPMC + bee wax + sodium ethylparaben 25.0%*

Orange HPMC + bee wax + potassium sorbate or
sodium benzoate

60.0%*

HPMC +bee wax +sodium ethylparaben 30.0%*
Pectin + bee wax + eugenol Penicillium digitatum AI 46.0%* [40••]

Cherry tomato Exopolysaccharide + Lactiplantibacillus
plantarum

Fusarium spp.,
Rhizopus stolonifer

AI 100% [43]

Banana Aloe gel + lemon peel extract Colletotrichum musae NI 80% [49]
Aloe vera gel C. musae AI 25.1% [38]
Aloe vera gel + garlic essential oil 92.5%

Tarocco orange cv
Lempso

Pectin + calcium chloride +Wickerhamomyces
anomalus

P. digitatum and P.
italicum

NI 91.7% [41]

Pomegranate
‘Mollar de Elche’

HPMC+ glycerol monostearate + sodium
benzoate

Botrytis cinerea and
Penicillium spp.

NI 78.5% [50]

HPMC+ carnauba wax + sodium benzoate 64.2%
Apple Cassava starch + gellan gum B. cinerea AI 25.0% [44]
Persimmon A. alternata 44.0%
Pear ‘Early crisp’ Modified sweet potato starch + cumin

essential oil
A. alternata AI 70.0%* [45]

Peach Rhubarb + sodium alginate Penicillium expansum AI 35% [42]
’Fino’ lemon Pregelatinized potato starch + sodium benzoate Geotrichum citri-

aurantii
AI 42.0% [46]

* Severity inhibition.
a NI: naturally infected fruit; AI: artificially inoculated.
b HPMC: hydroxypropylmethyl cellulose.
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laboratory scale and only a limited number of coatings
are available commercially. Further investigations are
needed in semicommercial and commercial conditions to
validate the effectiveness of trials run in small scale, and
studies on sensory quality are mandatory to meet the
market and consumer acceptance of the coated fresh
fruits and vegetables.
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