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What’s chitosan?



Dissolved in diluted acids

2 weeks after 
the spray



… for its properties, chitosan

can be an ideal coating for 

fruit and vegetables

(Riccardo Muzzarelli, 

University of Ancona, 1986)















POSTHARVEST DISEASES OF SWEET CHERRY

Gray mold

Rhizopus rot

Alternaria rot

Cladosporium rot

Brown rot

Romanazzi et al., 2001 PBT

Blue mold







Parlier, June 2004 - Jan 2005



Acids reported able to dissolve chitosan

Acid Concentration Reference

Acetic 0.1 N Allan and Hadwiger, 1979

0.5% Du et al., 1998

1% Kendra et al., 1989

2% Bégin and Van Calsteren, 1999

Citric 2% Bégin and Van Calsteren, 1999

Formic 2% Bégin and Van Calsteren, 1999

L-glutamic 1-2% Zhang and Quantick, 1997

Lactic 0.5% Devlieghere et al., 2004

2% Bégin and Van Calsteren, 1999

Hydrochloric 10 N El Ghaouth et al., 1991

0.25 N El Ghaouth et al., 1992

0.1% Bégin and Van Calsteren, 1999

Malic 0.5-2% Du et al., 1997

Romanazzi et al., 2009 Phytopathology



Ability of different acids to dissolve chitosan

Acid pH 1% Dissolve chitosan

Acetic 2.8 Yes

L-ascorbic 2.7 Yes

Boric 5.0 No 

DL-α-aminobutyric 5.4 No 

Formic 2.2 Yes

Gallic 2.9 No

L-glutamic 2.6 Yes

Hydrochloric 0.6 Yes

Lactic 2.4 Yes

Maleic 1.5 Yes

Malic 2.3 Yes

Phosphorous 1.4 Yes

Polygalatturonic 3.0 No

Succinic 2.6 Yes

Trans-Cinnamic 2.9 No
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A= Acetic acid; B= L-Ascorbic acid; C=

Formic acid; D= L-glutamic acid; E= Lactic

acid; F= Maleic acid; G= Malic acid; H=

Phosphorous acid; I= Succinic acid.

Chitosan 

coating on 

table grape 

berries

Romanazzi et al., 2009 Phytopathology



Dissolving acid Coating thickness (m) Viscosity (cp)

Acetic 6.3 (1.91) 43.47 (4.47)

L-Ascorbic 13.1 (2.80) 1.91 (0.25)

Formic 9.8 (1.82) 234.89 (21.23)

L-Glutamic 9.9 (1.87) 23.78 (2.71)

Hydrochloric 11.2 (2.26) 3.94 (0.56)

Lactic 9.7 (1.95) 102.95 (11.10)

Maleic 9.1 (3.22) 306.41 (8.56)

Malic 10.7 (1.25) 148.38 (10.10)

Phosphorous 9.6 (1.10) 178.13 (13.14)

Succinic 7.4 (2.61) 12.91 (2.05)

Thickness of chitosan film on the berries 
and viscosity of chitosan solutions 

Romanazzi et al., 2009 Phytopathology
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Chitosan (0.5%) Laminarin

Laminarin BTH

Fungicides Fir extract

Control Chitosan (0.5%)

Chitosan (1%) Control

Fir extract Fungicides

BTH Chitosan (1%)

Laminarin Fungicides

Fir extract BTH

Fungicides Chitosan (1%)

Chitosan (0.5%) Fir extract

BTH Control

Chitosan (1%) Chitosan (0.5%)

Control Laminarin

PREHARVEST TRIALS ON STRAWBERRY

Strawberry field

Agugliano (AN)• Treatment with:

Water (control)

Chitosan (0.5%) 

Chitosan (1%)

Laminarin (1%)

Fir extract (1%)

Benzothiadiazole (0.2%)

Fungicides (cyprodinil + 

fludioxonil, pyrimethanil)

Treatment 5 times during season approximately every 5 days:

Flowering End flowering Green fruit White fruit Red turning fruit



PREHARVEST TRIALS ON STRAWBERRY

McKinney’s Index of rots recorded on strawberries cv. ALBA treated for 5 times during 

the season, harvested and stored for 7 days at 0 ±1 °C and then exposed to shelf life
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PREHARVEST TRIALS ON SWEET CHERRY

McKinney’s Index of total rots that include brown rot and gray mold of sweet cherries 

stored for 14 days at 0.5 °C and then exposed to shelf life

Values with the same letter are not different according Tukey HSD (P <0.05)

cv. Sweet Heartcv. Blaze star

Feliziani et al., 2013 PBT



THOMPSON SEEDLESS TABLE GRAPES

In Parlier, CALIFORNIA 

Treatments 4 times during the 

season:

• Berry set

• Pre-bunch closure

• Veraison

• 2/3 weeks before harvest

PREHARVEST TRIALS ON TABLE GRAPES



In 2011

Treatments with:

• Water (control)

• Fungicides program

(1^ pyrimethanil, 

2^ cyprodinil + fludioxonil,                 

3^ pyraclostrobin + boscalid,  

4^ fenhexamid)

• K sorbate (1%)

• Chitosan-A: OII-Ys

• Chitosan-B: Chito Plant

• Chitosan-C: Armour-Zen

PREHARVEST TRIALS ON TABLE GRAPES

3 commercial 

formulations at 1% 

chitosan 

Feliziani et al., 2013 Plant Dis



POSTHARVEST ROTS FROM NATURAL INOCULUM

After 6 weeks of 

storage at 2°C
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mainly by Alternaria spp. 
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Which are the 

mechanisms of action of 

chitosan?



Growth of some decay-causing fungi

Chitosan concentration
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Radial mycelial growth of fungal colonies of decay causing 

fungi on PDA amended with resistance inducers
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Fungus Infected species Reference

Botrytis cinerea Tomato, potato, bell pepper, 

cucumber, peach, 

strawberries, table grapes, 

pear, apple, citrus fruit

Rabea and Badawy, 2012; Badawy and Rabea, 2009; Liu et al., 

2007; Xu et al., 2007; Chien and Chou, 2006; Lira-Saldivar

et al., 2006; Elmer and Reglinski, 2006; Ait Barka et al., 

2004; Badawy et al., 2004; Ben-Shalom et al., 2003; 

Romanazzi et al., 2002; El Ghaouth et al., 2000; 1997; 1992;

Du et al., 1997 

Rhizopus 

stolonifer

Peach, strawberries, papaya, 

tomato

Ramos García et al., 2012; García Rincón et al., 2010; 

Hernández-Lauzardo et al., 2010; Guerra-Sánchez et al., 

2009; Park et al., 2005; Bautista Baños et al., 2004; El

Ghaouth et al., 1992

Penicillium spp. Strawberry, apple, pear, 

tomato, citrus fruit, jujube, 

litchi fruit

Cè et al., 2012; El-Mougy et al., 2012; Xing et al., 2011; Liu et 

al., 2007; Yu et al., 2007; Chien and Chou, 2006; Sivakumar

et al., 2005; Bautista Baños et al., 2004; El Ghaouth et al., 

2000

Aspergillus spp. Pear Cè et al., 2012; Plascencia-Jatomea et al., 2003

Alternaria spp. Tomato, pear Sánchez-Domínguez et al., 2011; Meng, et al., 2010

Cladosporium spp. Litchi fruit, strawberry Park et al., 2005; Sivakumar et al., 2005

Colletotrichum

spp.

Mango, papaya, banana, table 

grapes, tomato

Zahid et al., 2012; Abd-Alla and Haggar, 2010; Ali et al., 

2010; Maqbool et al., 2010a, 2010b; Hewajulige et al., 2009; 

Muñoz et al., 2009; Ali and Mahmud, 2008; Jitareerat et al., 

2007; Win et al., 2007; Sivakumar et al., 2005; Bautista 

Baños et al., 2003

Monilinia spp. Apple, peach, sweet  cherry Feliziani et al., 2013; Yang et al., 2012; 2010 

Antifungal activity of chitosan

Romanazzi G., Feliziani E., Bautista Baňos S., Sivakumar D., 2017. Shelf life extension of fresh fruit and vegetables 

by chitosan treatment. Critical Reviews in Food Science and Nutrition (in press)



Trans-resveratrol and catechin content

of berries treated with chitosan

and exposed to UV-C

Treatment

Autumn Black B36-55

Trans-

resveratrol
Catechin Trans-

resveratrol
Catechin 

Chitosan ND* ND 1.90 C ND

UV-C 17.47 b 1.41 b 18.12 B ND

Chitosan + UV-C 23.15 a 2.56 a 22.00 A ND

Control ND ND 1.84 C ND

*ND = Below the detection limit (0.2 µg/g fresh skin weight)

Romanazzi et al., 2006 Plant Dis.



INDUCTION OF RESISTANCE

Marienhagen and Bott, 2013 Journal of Biotechnology

+ quercetin, 

myricetin
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Values with the same 

letter are not different 

according Tukey HSD 

(P <0.05)

Feliziani et al., 2013 Plant Dis
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Location and content of 

hydrogen peroxide in mature 

‘Thompson Seedless’ grape 

berry tissue as shown by 

scanning electron microscope

The berries were treated with: 

A – Water (control) 

B – K sorbate

C – Fungicides

D – Chitosan-A (OII-YS)

E – Chitosan-B (Chito Plant)

F – Chitosan-C (Armour-Zen)

The reaction product of hydrogen peroxide 

and cerium chloride is cerium hydroxide, 

that is highlighted by the pink pixels

INDUCTION OF RESISTANCE

Feliziani et al., 2013 Plant Dis



Phenylpropanoid 

pathway

Dixon et al., 2002. Molecular Plant Pathology
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 Ca2+ and K+ ion fluxes

 ROS cell responses

 phenylpropanoid pathway

 cell-wall degradation

 PR proteins

CHITOSAN

BTH 

COA

Which gene associated to 

defense mechanisms  is 

involved in induced 

resistance?

Postharvest

treatments

Analysis in RT-

qPCR of genes

associated to:

Landi et al., 2014 JAFC



This proof the induction of resistance in strawberry fruit

The resistance 

inducers 

triggered the 

expression of a 

large number 

of genes that 

lead to the 

physiological 

events involved 

in plant 

defense

Landi et al., 2014 JAFC



THE ELICITOR COMPOSITION AFFECTS SPECIFIC 

PATTERN OF INDUCED DEFENSE GENES

>72% < 38% 

Similarity of gene expression (%) 

Landi et al., 2014 JAFC



• Higher quantity of phenolic

Myricetin

Quercetin

Resveratrol

• Higher activity of enzymes related 

to mechanism of plant defenses:

Phenylalanine ammonia-lyase

Peroxidase

Polyphenol oxidase

Superoxide dismutase

Chitinase

β-1,3-glucanase

• Delay senescence

• Prolonged storage and shelf 

life

Physiological changes induced

in the plant tissues by chitosan

• Induction of plant defense

• Lower respiration rate

• Reduces weight loss

Romanazzi G., Feliziani E., Bautista Baňos S., Sivakumar D., 2017. Shelf life extension of fresh fruit and vegetables 

by chitosan treatment. Critical Reviews in Food Science and Nutrition (in press)



What happens to 

chitosan treated fruit?



Chitosan on strawberries soon after dipping





COLOR

PREHARVEST TRIALS ON STRAWBERRY
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PREHARVEST TRIALS ON STRAWBERRY

FIRMNESS

Values with the same letter are not different 

according TUKEY HSD (P <0.05).
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TABLE GRAPE QUALITY PARAMETERS

a
ab

b
ab

ab

b

0

1

2

3

4

5

6

B
er

ry
 s

h
ri

v
el

 (
%

)

a

b
b

b

b

b

0

2

4

6

8

10

12

S
h

a
tt

e
r 

(%
)

a
ab ab b

ab

b

0

1

2

R
a

c
h

is
 r

a
ti

n
g
 (

0
-5

)

After 6 weeks of storage at 2°C

Values with the same letter are not different according Tukey HSD (P <0.05).





1. efficacy equivalent or better than the current practice

2. will not injure or cause phytotoxic effects

3. will not compromise the fruit organoleptic quality

4. will not be a threat to human health and the

environment

5. compatible with standard practices, affordable and

easy to implement

6. compatible with the principles of organic agriculture

7. offer substantial benefits to the technology

manufacturer which often play a pivotal role in

commercialization of novel treatments

Properties that alternative means to control 

postharvest diseases of fruit need to meet

Romanazzi et al., 2012 PBT



Thanks for your attention

Nanoinnovations, Roma, 20-23 September 2016


