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Abstract

This two year project was to study and develop the formulation of nano thin film solution
containing chitosan to prolong the shelf-life of mango ‘Namdokmai”. The physiology of mango
after coating with chitosan solution and stored at 25°c and 13°c was investigated. In the first
year project, nano thin film solution containing chitosan was developed and characterized. The
results suggested that chitosan with molecular weight of 65,000 - 410,000 g/mol is well
dissolved in acetic acid with the concentration of 0.5% (v/v). Tween 80® can enhance the film to
stick continuously on the hydrophobic surface of materials. However, overdose of Tween
caused foaming in the formulation. In general, nano thin film formulation containing chitosan
should be added 0.1% (w/v) Tween 80® in 1% chitosan (w/v). Acetic acid with the
concentration of 0.5% (v/v) should be used as a solvent of chitosan and the dipping technique is
to be used in this project. For the second years, the optimal formula of chitosan coating
solutions were applied on mango fruits by 2 means of preparation; freshly prepared and 14-days
stored solution (the time that the solution viscosity was constant). Treated mango fruits were
kept at 25 °c. After 15 day of storage resulted in the lower anthracnose disease incident of
mango fruits coated with freshly prepared coating solution than those of 14-days stored
solutions. After that, freshly prepared coating solution were applied again on mango fruits, but
the fruits were primarily stored at 13 °c for 14 days before stored at 25 °c until day 23.
Postharvest physiological analysis revealed that mango fruits coated with 240,000 g/mol (MM-
CTS) chitosan solution lost less their fresh weight, maintained higher fruit firmness, had normal
peel appearance development, remained higher total soluble solids and lower titratable acidity
plus the lower disease incident than other treatments. MM-CTS solution also activated
defensive mechanism of mango fruit by increasing H20 2 concentration and promoting activities
of catalase and ascorbate peroxidase, the key antioxidant enzymes. Thus, 240,000 g/mol

chitosan culminates in the extended shelf life and preserved acceptable attributes of ‘Nam Dok
Mai no.4" mangoes

Keywords: Coating; Nano thin film; Shelflife; ‘Nam Dok Mai’ mango; Chitosan
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. 2543 13,600,000

.. 2543 - 2553
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505,200,842
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(Modified Atmosphere, MA)
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(Lima et al., 2010)

(scald-like discoloration)
(Lederman et al, 1997)

(Semi-permeable barrier)
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(Long, 2013)
(Ramesh et al,, 2004)

(Rinaudo, 2006)

Win et al. (2007)

Hong et al. (2012)

(Lima et al., 2010)
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Medeiros et al. (2012) ‘Tommy Atkins’
( 0.2%) 5
4 45
Abbasi et al. (2009) ‘Summer
Bahisht Chuansa’
51,400 1.5% 1
6 Wang et al. (2007)
‘Tainong’ 2% tea polyphenol 1%
Tween-80@ 0.5% 15 B

Zhu et al. (2008)
80,000 1
‘Tainong’ 0.5%, 1.0%  2.0%
15 24 2.0%
‘Tainong’
elicitor

antioxidant system  superoxide dismutase (SOD), catalase
(CAT), guaiacol peroxidase (GPX), ascorhate peroxidase (APX) (Gonzalez-Aguilar et al.,
2010)
antioxidant system (Hong etal., 2012) (Wang and Gao,
2013)  (Maetal, 2013) (Gao etal., 2013) ,

Badawy and

Rabea (2009)
total phenolic compound

polyphenol oxidase (PPO) total protein
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2554
41,463 2553 71.96%
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2012)
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4

4 (Wichchachu, 2012)

climacteric fruit

climacteric fruit

(H202)
(Mattoo and Modi, 1969)

(Bautista-Banos et al., 2006)
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(Chervin et al., 2004)
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1 (signaling pathway) autocatalytic process
(Bapat et al., 2010)
climacteric fruit 2 pre-climacteric period

autocatalytic synthesis

ethylene autocatalytic synthesis

climacteric fruit (Bapat et ah, 2010)
climacteric fruit

metabolism

(Giovannoni, 2004; 2007) (1)
Hayama et al. (2006)

stony hard mutant
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Gaete-Eastman et al. (2009) mountain
papaya expansin
mountain papaya 1-methyl-cyclopropane (1-MCP)
mountain papaya (Sane et al., 2005)
MIExpAl Dashehari
a-expansin
43
H2) 2 H2) 2
superoxide anion (02) H2) 2
metabolism
2?2 (Quan et al., 2008)
H2 2 signaling  molecule
H2) 2
oxidative damage (programmed cell death) (Quan et al., 2008)
H2 2 H2) 2
ascorbate-glutathione cycle ascorbate peroxidase (APX)
ascorbate (ASA) H2 2 |
ASA ( ) monodehydroascorbate (MDHA)
monodehydroascorbate reductase (MDHAR) MDHA ASA ( )
H2 2 MDHA dehydroascorbate (DELA)
dehydroascorbate reductase (DHAR) DHA ASA

glutathione (GSH) GSH
oxidised GSH (GSSG) glutathione reductase (GR)

ascorhate-glutathione GSSG  GSH NADPH (Inzé
and Montagu, 1995; Gill and Tuteja, 2010; Locato et ah, 2013)
2

ascorhate-glutathione cycle
catalase (CAT) guaiacol peroxidase (GPX)  CAT
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(Gill and Tuteja, 2010)
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DHAR >

H,0
DHA

2 HA) 2

Sarowar et al. (2011)

oxidative stress Qomycete
H202
CAT POD
2010)
4.4
(
deacetylation

(Long, 2013)

Newtonian fluid (El-Hefian and Yahaya, 2010)
]

MDHA /N}D(y\

GR
GSH A/\A NADP*

ascorbate-glutathione (Locato et al., 2013)

APX
APX
APX
H202 [Tmol
mmol (Gill and Tuteja,
acetyl
3)

degree of

(No et al., 2006; Rinaudo, 2006)
Non-
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N-deacetylation
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Chitosan
3 (Long, 2013)
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: (Ramesh et al., 2004)
!
2
polycationic

etal,, 2007; Gol and Rao, 2011)

(Liu et al., 2006)

(Ma et al., 2013)

2008; Abbasi et al., 2009; Medeiros et al., 2012)

Colletotrichum gloeosporioides

al, 2013)
45
451

(CH4)

climacteric fruit

(Kitturet al., 2001; Win
(Wang et al., 2007; Zhu et al.,
Jitareerat et al. (2007)

1 | 1
(Shiekn et

(Giovannoni, 2001; Bapat et al-, 2010)



Kesari et al. (2007)

Burg and Burg (1961)
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Win et al. (2007)
Ma et al. (2014) aprium
L-methylcyclopropene (1-MCP)
! aprium Jitarerat et al. (2007)

0.5% ~ 1.0%

452 '

climacteric fruit

(Camphell et al., 2009)
Medeiros et al. (2012)
5 ‘Tommy Atkins’

total  soluble
solids (TSS)
cell wall loosening enzymes
‘Ataulfo’ Salvador-Figueroa et al. (2011)
pectin - methylesterase  (PME)
Abbasi et al. (2009)
‘Summer  Bahisht Chaunsa’
TSS

Zhu et al. (2008) ‘Tainong’
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titratable acidity (TA)
toatal soluble solids (TSS)
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TSSITA ratio
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(Beckles, 2012) Morga et al. (1978) TSS
TA ‘Carabao’
TSSITA ratio
Wang et al. (2007) ‘Tainong’
TA TSS
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(Abbasi et al., 2009)
45.4

climacteric
autocatalytic synthesis

' (Giovannoni, 2001)
1
(Gol and Rao, 2011)
Ali et al. (2011)
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(Hong et al, 2012)  (Ma et a!, 2013), (Wang and Gao,
2013)  (Gaoetal, 2013) H2) 2

Ma et a! (2013)
catalase  peroxidase !
Wang and Gao (2013)
catalase ascorbate peroxidase glutathione peroxidase ~  guaiacol peroxidase
|
superoxide dismutase peroxidase catalase
8°C 3 (Xing et al., 2011)

Hong et al. (2012)
H2 2 peroxidase
catalase  ~ superoxide dismutase

456
chilling injury (CI) Marangoni et
al (1996)
Cl
. Beckles (2012) Beckles
(2012) ‘Micro Tonv ~ 125°C
10 °C
TSS
Thomas and Oke (1983) "Alphonso’

pre-climacteric 10°c 30
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20 °c 2 15° 10 °c
21-32 °C
34 Medlicott et al. (1990) 3
‘Amelie’, Tommy Atkins' Keitt' 12 °c 21

Xing et al. (2011)

Ali et al. (2011)

12°c 5
Hong et al. (2012)
1 °C 12
malondialdehyde (MDA) lipid peroxidation
melondialdehyde
Wongmetha and Ke (2012) Wongmetha and Ke (2012)
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oC 1
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(Hirano andNagao, 1989) Liu et al. (2006)
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(Arlorio et al., 1992; Bautista-Banos et al-
2006)
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52 (2
5.2.1

65,000 g/mol 370,000 g/mol
410,000 g/mol

370,000 g/mol
470,000  g/mol
240,000 g/mol

52.1.1
1.0%
0.5%
4 Tween-80®
0.1% 1
24
14 14
5212
25°C 0,257 12 16, 20, 33, 43
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52.1.3



AFM
5.2.2
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! 1 3
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- Control
- 0.5% acetic acid
0.5% + 0.1% Tween-80®
- Freshly prepared LM-CTS
65,000
- 14 days stored LM-CTS
65,000
14
- Freshly prepared MM-CTS
240,000
- 14 days stored MM-CTS 1
240,000
14
- Freshly prepared HM-CTS
410,000
- 14 days stored HM-CTS
410,000

14
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0,12 15
5221
0, 2 5
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5.2.2.3
(L) hue
angle () 3 ,
5224 1
10 10
, Eppendorf tube
5,000 rpm 5 TSS hand
refractometer °Brix dilution factor = 2
5225
20 20
NaOH
0.5%
NaOH ' 0.1% NaOH
phenolphthalein
1 Amador, 2011)
5.2.2.6

TSSITA ratio TSS ' TA



52.2.7
Disease incidence

523
13 ° 14
1
3 1 1
5
- Control
- 0.5% acetic acid
0.5% + 0.1% Tween-80®
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65,000
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240,000
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14
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5.24

5.2.3.2
03x03x 15 0.1
5 . 4
autoclave 121° 15 psi 15
( Parkin and Kuo, 1989)
5.2.3.3
2.4
1 10
5.2.34 HX) 2
H2) 2

0.1 410

H0 2  titanium [11 sulfate ( Jana and Choudhuri,
1982)
5.2.3.5 CAT,APX  GPX

CAT H2) 2
240 ( Beers and Sizer, 1952)
APX H202 290
( Nakano and Asada, 19681) GPX
tetraguaiacol 470 (
Chance and Maehly, 1995 Ghamsari et al. 2007) specific activity
completely randomized design (CRD) 3

( ) 4 3)

Duncan’s multiple
range test (DOMRT) ~ Independent-Sample T Test 23 3
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6.1 1
6.1.1 /
L2 3
1
12.5%
A
A
3710000  /
LM-CTS
26.3 cps
1
(LM-CTS)
(MM-CTS)
(HM-CTS)

2

3 1
Tween
3 AN. (Laboratory)
85-92%
1.6-2.9%
LM-CTS 65000 /
MM-CTS
HM-CTS 410,000 |
16 cps. MM-CTS HM-CTS
38.1 cps ( 1)
*
(g/mol W o
65000  89.8#05 126101 2103 76404
3710000  854+0.7 126101 2904  26.310.8
410000 9241022 124+01 1601 38104
1%( h) 1% (viv)



2 Sigma-Aldrich
18713/

2

CHANa04HY)
(g/mol) 187.13

3 Tween
Polyoxyethylene (20) sorbitan monoleate non-ionic surfactant
Acros

Tween 25

108 [/ 3 hydrophilic-lipophilic balance balance (HLB) 15
1310/

3 Tween
Tween 80
(CHA)DOH)J € HI 2 £ HA)
(glem3  25°c 1.08
Refractive index ( 2D 1.471-1.473
Hydrophilic-lipophilic balance (HLB) 15
(g/mol) 1,310
6.1.2
4 3

0.25% ( )

AR
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0.5-10%

LM-CTS
MM-CTS
HM-CTS

4.80
0.5%

LM-CTS
MM-CTS
HM-CTS

0.25%
66.31
46.8+
32.74

24

98%

( )
pH 050% pH 075%  pH 100%  pH

09 505 98.6+0.4 465 99.4:£0.6 428 98.9+0.1 408
0.7 535 %9105 465 98902 433 98.7£0.2 414
0.7 501 98503 476 985:07 428 98.6£0.2 420
1%( )
05%  1%( )
3
0.5%
3 4.65-
1 Srinivasa et al. (2007)
1% 1 1
1% ( Iv) (cps)
0.5% 1%
18101 1.6£0.4
33.010.4 26.3t0.8

45.6£0.6 38104
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5
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Tween 80*
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Tween 80 0.1% (
) Tween 80*
Tween ( )
Tween 0.1% ( )
1 Tween 80' 1% ( )
0.5%
1% (w/v) (cps)
Tween 80* Tween 80*
LM-CTS 1.620.4 8.9£0.6
MM-CTS 26.3£0.8 28.7£0.2
HM-CTS 381104 37.910.6
Zhong et al. (2011) I kudzu
Abugoch et al. (2011)
4
HM-CTS film MM-CTSfilm LM-CTSfilm

4 Tween 80* 0.1%
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Tween

Tween 0.1%
( )
6.14
1% (
) 0.5% ( ) Tween
0.1%
1,12 14 960
30 1
8
L2
9
(9
8 1% (
, ) 0.5% ( ) Tween
30 0.1% ( )
1% (whv) (cps)
CTSMSG=10 CTS:MSG=11 CTSMSG=12 CTS:MSG= 14
LM-CTS 8.9£0.6 15205 1020.1 10102
MM-CTS 28.710.2 23910.3 20.6£0.6 204 0.1

HM-CTS 37.910.6 371.0+0.3 215105 328+0.2
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Viscosity (cP)

kil

1
3 (HM-CTS, MM-CTS LM-CTS) (>98%)
0.5% ( ) Tween 80®
Tween 0.1% ( , )
) 0.5% ( )
2
3
LM-CTS, MM-CTS HM-
20.77 P, 38.27 ¢cP 72.97 P
3
12
3 TR
Chitosan solution viscosity
80.00
60.00
4000 - g ek hk LM-CTS
20.00 \‘\*w&—m-l—{—l MM-CTS
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0.00

0 2 & 7 12 16 20 33 43 62
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LM-CTS
65,000 MM-CTS 240,000
HM-CTS 410,000
Badawy and Rabea (2009)
62
3 12 (7
Non-Newtonian' fluid
(EI-Hefian and Yahaya, 2010)
6.2.1.2
1
410,000
240,000 65,000 ( 9§

Film thickness
250
200
150

100 a

0 -

LM-CTS MM-CTS HM-CTS

Thickness (nm)

(o))
o

DMRT 95%
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(roughness)
240,000
65,000 (9
Film roughness
8
E
- (o]
B 6
5 >
; 4
8 2 g
£
Il
o 1 /[ f ] 7
LM-CTS MM-CTS HM-CTS
g ( u )
DMRT ! 95% lot significantly different™
(Yan et al,
2001; Badawy and Rabea, 2009)
(support)
support

(Alietal, 2013)  (Hong et al., 2012) (Ali et al., 2011)
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tween-80®
0.1% (viv)
Yan et al. (2001)
( 5 6)
elicitor
02 C02 €H4
HO ( 10)
HM-CTS
HM-CTS MM-CTS
substrate ACC oxidase 1 1

(Argueso et al., 2007)

ethylene autocatalytic synthesis (Bapat et al., 2010)
HM-CTS
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MM-CTS: appropriate thickness
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10
6.2.2
! 1
6.2.2.1
12
15 , 0.5% acetic acid, freshly prepared LM-CTS

days stored LM-CTS
15 (1)

30% 2

14
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Weight loss
10
g
g
0
12 Storage time (days)
g Control 1 g 0.5% acetic acid
m Freshly prepared LM-CTS 1 14 days stored LM-CTS
|| Freshly prepared MM-CTS H 14 days stored MM-CTS
Freshly prepared HM-CTS (14 days stored HM-CTS
il 5 C
12 15 t )
DMRT 95%
not significantly different
Hydrolysis
(Bautista-Banos et al, 2006)
25°C .
62.2.2
12 0.5% acetic acid, 14 days

stored MM-CTS ~ freshly prepared HM-CTS
14 days stored LM-CTS
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1

Firmness (N)

1 15
(1

Fruit firmness
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Cddbc cdd d

0 12 ' 15
Storage time (days)

p Control 1 Il 0.5% acetic acid

m Freshly prepared LM-CTS P 14 days stored LM-CTS

m Freshly prepared MM-CTS 14 days stored MM-CTS
Pl Freshly prepared HM-CTS 14 days stored HM-CTS
12 0,12 1B
(¢ )
DMRT 95%
not significantly different
12
HM-CTS 14
elicitor

1)

31

LM-
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6.2.2.3
(lightness) hue angle

freshly prepared HM-CTS 14
days stored HM-CTS

Peel lightness

80

Storage time (days)

£ Control 1 £ 0.5% acetic acid

Il Freshly prepared LM-CTS £ 14 days stored LM-CTS

£ Freshly prepared MM-CTS £ 14 days stored MM-CTS

£ Freshly prepared HM-CTS 14 days stored HM-CTS

13 0,12 1
(¢ )
DMRT 95%
"snot significantly different
hue
freshly prepared HM-CTS 14 day stored HM-CTS hue

12 15
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Peel hue
100 ns r
80
2
@ 60
©
& 40
I
20
0 L
0 12 15
Storage time (days)
g Control 1 0.5% acetic acid
g Freshly prepared LM-CTS &8 14 days stored LM-CTS
g Freshly prepared MM-CTS g 14 days stored MM-CTS
i Freshly prepared HM-CTS 14 days stored HM-CTS
14 (Hue angle) 0, 12

( )

DMRT 95%
mnot significantly different

HM-CTS

15



Ali et al. (2011)

( )
0.5%, 1.0%, 15%  2.0%
‘Eksotika IF 5
2.0%
1
6.2.2.4 ! 1
1 total soluble solids (TSS)
TSS
12

freshly prepared MM-CTS

TSS (B

40

15
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Total soluble solids

20
(x
10 ' ns
0 kN & £
0 12 15
Storage time (days)
B control 1 B 05% acetic acid M Freshly prepared LM-CTS

n 14 days stored LM-CTS g Freshly prepared MM-CTS m 14 days stored MM-CTS

n Freshly prepared HM-CTS 14 days stored HM-CTS

15 0, 12
(

1+
~—

DMRT 95%
mnot significantly different

12
15
Freshly prepared MM-CTS TSS
14 days prepared MM-CTS 14 days stored HM-
CTS Freshly prepared MM-CTS ~ TSS
Freshly prepared HM-CTS
MM-CTS 1
)
6.2.25
12
freshly prepared HM-

CTS (titratable acidity; TA) 0.78%
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Titratable acidity
2
=
S ns
5
£ 1 ;
o
o
o
‘g dagagaa ab 4 CbC
0 jo VSR .
0 12 15
Storage time (days)
Control 1 B 0.5% acetic acid 88 Freshly prepared LM-CTS

gg 14 days stored LM-CTS g Freshly prepared MM-CTS g 14 days stored MM-CTS
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11 200 mM KPi buffer pH 7.0
IMK,HP04615
IM KH,P04385
- 2 pH 70
500

12 800 mM Tris-HCl buffer pH 7.8
Trisma base 48.456
IN HCL pH 78

13 100 mM sodium acetate buffer pH 7.0
Sodium acetate 4.10
glacial acetic acid pH 70

21
50 mM phosphate buffer (KPi buffer) pH 7.0*
- 1.0% (wiv) polyvintlporypyrrolidone (PVPP)

22 01
2.3 Eppendorf tube
4°c
24 12,000 rpm 4° 20
* 50 mM potassium phosphate buffer

200 mM KPi

500

500

500



4, catalase ( Beers and Sizer, 1952)
41 reaction mixture 2,000 pi
: Reference Sample
Solution _ _
cuvette (pi) cuvette (pi)
hd) 1450 950
200 mM KPi buffer (pH) 7.0 500 500
5mMHD 2 - 500
crude extract 50 50
4.2 kinetic
H.0, A0 1 12 108
activity 60-108
43 specific activity (units/mg protein) catalase
CAT specific activity = (Aa 2min) X 1000
(43.6) X( pi crude extract) X(mg protein/L crude extract)
) ascorhate peroxidase ( Nakano and Asada, 1981)
51 ' reaction mixture 2,000 pi
Soluton Reference. Sample |
cuvette (pi) cuvette (pi)
h2) 550 450
800 mM Tris-HCI buffer (pH) 7.8 500 500
25 mM EDTA 400 400
2mMH 0, 500 500
5 mM ascorbate - 100

crude extract 50 50

9



5.2 kinetic

HD, 20mm 12 i
activity 24 -12
53 specific activity (units/mg protein) ascorbate peroxidase
APX specific activity = (AaQ¥min) X 1000

(2.8) x ( pi crude extract) x (mg protein/L crude extract)

6. quaiacol peroxidase ( Chance and Maehl, 1995
Ghamsari et al. 2007)
6.1 ,  reaction mixture 2,000 pi
: Reference Sample

Solution \ _
cuvette (pi) cuvette (pi)

h2) 950 450

100 mM Na-acetate buffer (pH) 7.0 500 500

25 mMH2 2 500 500

100 mM guaiacol - 500

crude extract 50 50

6.2 Kinetic

tetraguaiacol ( - ) 0nm 12 60

activity 12-60



6.3

specific activity (units/mg protein) quaiacol peroxidase

GPX specific activity = (Aa4/min) x 1000

(26.6) x (pi crude extract) x (mg protein/1 crude extract)

50 |1

Biorad protein assay 5 595 nm

A 595

BSA( -2

Bovine serum albumin standard line

05 - /’/’i;?::h - 0.0715
/ R2 = 0,0945
0 | ¥ T i) 1

0 0.05 0.1 0.15 0.2 0.25

BSA concentration (pg/pl)

-2 bovine serum albumin
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Development and Application of Chitosan Thin Film to Prolong Shelf Life of ‘NAM
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Abstract: Chitosan solutions were prepared from 3 different molecular weight chitosans
e.%. 65,000 Dalton, 370,000 Dalton and 410,000 Dalton. 1.0% chitosan was dissolved in
0.9% acetic acid solution added 0.1% tween-80® as surfactant. ‘Nam Dok Mai’ mango
fruits were dipped in chitosan solution for 5 minutes, and mango fruits dipped in 0.5%
acetic acid solution mixed with 0.5% tween-80® were for control. Then, mango fruits were
stored at 25 ¢ for 10 days. The result showed that man[qo fruits coated with chitosan
solution prepared from 370,000 Dalton and 410,000 Dalton chitosan had lower fresh
weight loss, more dgreen peel color and lower total soluble solid contents than those of
65,000 Dalton and control fruits. Moreover, the shelf life of ‘Nam Dok Mai’” mango fruits
coated with 370,000 Dalton and 410,000 Dalton was extended to day 20 of the eerrlment.
This study is useful for further study and can be applied for commercial scale in the future.

Keywords: chitosan, ‘Nam Dok Mai” mango, fruit coatings

.. 2557 (


mailto:cubotanik@hotmail.com

2014 2nd International Conference on Food andA%ricuItural_Sciences
IPCBEE vol. 77 (20143 © (2014% |ACSIT Press, Singapore
Ol:"10.7/63/IPCBEE. 2014. V7. 4

Effects of Different Molecular Weights of Chitosan Coatings on
Postharvest Qualities of ‘Nam Dok Mai’ Mango
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Abstract, The effects of va ing molecular wei?ht_s of chitosan and storage, time of chitosan solutions on

postharvest quality of ‘Nam Dok Mai’ mango_fruit were investigated. Chitosan coatmg solutions were

reBared from low Mw (65,000 Da = LM-CTS), medium Mw (240,000 Da = MM-CTS) and high Mw
0

|
410,000 Da = HM-CTS), C_oatlng solutions were separated Into 2 groups: freshly rPre ared and %4—days

stored solutions. Mango ‘fruits coated with 14-cays stored chitosan coating solutions had higher disease
Incigences and lower postharvest qualities compared to those coated with freShly prepared solutions. Amang
the freshly prepared solutions, freshly prepared MM-CTS showed the best resuls, in teym of Ion?er sheltlife,
fewer disease Incidences and delayed rlgenmg characteristics, In conclusion, our results sufg%es that freshly
prepared MM-CTS solution can e used as an effective coating agent for the extension of”Nam Dok Mai

mango’s shelf life.
Keywords: Nam Dok Mai’ mango, chitosan coating, postharvest disease, storage, ripening

1. Introduction

‘Nam Dok Mai’ mango (Mangifera indica cV. ‘Nam Dok Mai no. 4°) is a very popular tropical fruit. The
golden pulp of this ripened fruit has a great flavor. However, mango is a climacteric fruit in that the ripening
process and senescence continue after fruit has been harvested [1?j resulting in some physiological changes,
egi fresh weight and fruit firmness losses, peel color change, depletion of total acid, increasing of total
soluble solids, and increased fruit softening [2], All of these factors contribute to unacceptable commercial
qualities for customers. Thus, a proper postharvest management is needed to prolong shelf life and maintain
an ideal mango fruit quality.

Chitosan is a biopolymer prepared from shells of shrimp, crab or squid. Furthermore, chitosan is a
natural elicitor that can induce defensive mechanism in plants and can reduce growth of plant pathogens [3],
Previously, numerous researches have applied chitosan on varieties of fruits. However, molecular weight of
chitosan varies due to sources of materials. Differences in molecular weights of chitosan may affect
postharvest physiological characters of mango fruit. In addition, chitosan solution is a non-Newtonian fluid,
1 e, viscosity of chitosan solution drops sharply after preparation and then gradually becomes stable [4],
Additionally, chitosan is a carbon source for microbes that have chitosanase activity [5], Thus, these
properties of chitosan may affect the shelf life of mango fruit. The aims of this study were to Investigate the
effects of different molecular weights of chitosan coatings on postharvest qualities o f‘Nam Dok Mai’ mango

and to compare physiological changes between mango fruits coated with freshly prepared and 14-days stored
chitosan coating solutions.

2. Materials and Methods

+ Corresponding author. Tel.. +662218-5485; fax: +6622528979.
E-mail address: kanogwan k@chula.ac.th. £
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2.1. Plant materials and chitosan coating _ _

Mature green ‘Nam Dok Mai’ mango fruits were harvested at a commercial maturity stage from a local
orchard in Chaiyaphum, Thailand. Mango fruits of uniform size and lack of disease were selected, rinsed
with tap water, and then allowed to dry. Three different molecular weights of chitosan flakes prepared from
shrimp shell: 65 kDa (low molecular weight chitosan: LM-CTS), 240 kDa (medium molecular weight
chitosan: MM-CTS) and 410 kDa (high molecular weight chitosan: HM-CTS) (A.N. Lab, ThaHandR were
dissolved in a 0.5% acetic acid solution and stirred for 4 hr. Tween-80® (O.II%Lwas added as a surfactant,
Before application, all coating solutions were stored for 24 hr to eliminate microbubbles caused by agitation.
The solutions were separated into 2 groups: freshly prepared and 14-days stored solutions. After both
solutions were ready for application, fruits were dipped in distilled water Scontrol), 0.5% acetic acid, freshly
prepared LM-CTS (fLM-CTS), 14-days stored LM-CTS (14dLM-CTYS), freshly prepared MM-CTS (fMM-
CTS), 14-days stored MM-CTS (14dMM-CTS), freshly prepared HM-CTS (fHM-CTS) and 14-days stored
HM-CTS (14dHM-CTS) for 1 min and allowed to dry before storing at 25 °c for 15 days.

2.2. Physiological analysis _ _ N

Fresh weigh, fruit firmness, peel color, total soluble solids (TSS) content and titratable acidity (TA) were
analyzed. Firmness of mango fruit was measured using a FHR-1 fruit firmness tester (Nipi)on optical work,
Japan) at the top, middle and bottom of the fruit. Data was reported in Newton (N). Peel color of man?o fruit
was measured using @ CR-10 color reader (Konica Minolta, Japan). Ten grams of fruit pulp was
homogenized with 10 ml deionized water and centrifuged at 8,000 rpm for 5 min. The supernatant was used
to determine TSS with an N-1E hand refractometer (Atago, Japan). Raw data was multiplied by 2 (as dilution
factor) and reported in °Brix. The TA method was modified from Amador [6] by homogenizin% 20 g of fruit
pulp with 20 ml deionized water. Samples were titrated with 0.1 M NaOH and used phenolpnthalein as an
Indicator. Percentage of acidity was calculated followm? the equation éml 0f NaOH used XNaOH molar X
0.64)/ g pulp weight. The experiment applied a completely randomized design (CRD) with 3 replications and
3 fruits per each replication. All data were analyzed usin? analysis of variance (ANOVA) with SPSS
software. Means were separated by test of least significant difference (LSD) at p < 0.05.

3. Results and Discussion

The result showed that control, 0.5% acetic acid, fLM-CTS and 14dLM-CTS had 12 days of shelf life
while fMM-CTS, 14dMM-CTS, fHM-CTS and 14dHM-CTS could be stored for 15 days (I_:i% 1). Chitosan
coatings affected weight loss, fruit firmness, peel color changes, TSS and TA (Table 1). Weight loss was the
highest in 0.5% acetic acid and fLM-CTS treatments but not significantly different among other treatments.
Firmness was the lowest in 14dLM-CTS and the highest in freshly prepared HM-CTS treatments. It has been
shown that mango fruits lose their cell wall strength because of ripening and senescence 52], Our results
suggested that chitosan application could retain fruit firmness. ‘Ataulfo’ mango fruit treated with chitosan
and hydrothermal process exhibited low polygalacturonase activities (PG% and pectin methylesterase (PME),
key enzymes that reduced plant cell wall strength during fruit ripening [7], However, most experiments used
freshly prepared chitosan solution. It could be implied that stored chitosan might lose its properties, ..,
reduction of viscosity and degradation caused by some microbes that had chitosanase activity and could use
chitosan as their carbon source [8]-[10],

Peel color chan?es were prominently different. Lightness of mango peel increased when fruit ripened.
However, the peel lightness value of both fHM-CTS and 14dHM-CTS was lower than other treatments.

Another peel color parameter is hue angle which determines peel color changing from green to yellow. The
result showed that hue angle of both fHM-CTS and 14dHM-CTS treatments was higher than others which
indicated that peel colors of these treatments were still green while other treatments turned yellow. Also,

ﬁeels of fHM-CTS and 14dHM-CTS treatments were still green until the end of the experiment. Thus, using
igh MW of chitosan might interrupt the peel color changing process of ‘Nam Dok Mai’ mango [11],
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control ~ 0.5%acetic  fLM-CTS ~ 14dLM-CTS  fMM-CTS  '4dMM-CTS  (HM-CTS  14dHM-CTS
Fig. 1: ‘Nani Dok Mai” mango fruits on day 12. Fruits were dipped in distilled water (control), 0.5% acetic acid, freshly
prepared LM-CTS (fLM-CTS), 14-days stored LM-CTS (14dLM-CTS), freshly prepared MM-CTS (fMM-CTS), 14-
days stored MM-CTS (14dMM-CTS), freshly prepared HM-CTS (fFIM-CTS) and 14-cays stored HM-CTS (14dHM-
CTS) for Lmin and stored at 25 ¢ for 15 days.

TSS can be referred to the sugar content in fruit pulp. TSS contents in all treatments were not
significantly different on day 12, but on day 15, fHM-CTS showed the highest TSS content while fMM-CTS
had the lowest. This finding showed that the ripening process of mango fruit in fHM-CTS was interrupted.
On the other hand, TSS of fMM-CTS dropped because fruits became senescence, i.e., most of sugar was
used for fruit metabolism [2], [11],

TA was determined as an additional indicator of the degree of fruit ripeness. The result showed that all
treatments had low acid content during fruit ripening since citric and malic acids were used as respiratory
substrates which was similar to Ali et al. [11]. However, fHM-CTS maintained very high acid content
]gompared with other treatments. This suggested that high MW chitosan interfered with acid metabolism in
ruit,

100.00
1 control

80.00 1 0.5% acetic acid

1 fLM-CTS

a 1-tdLM-CTS

afMM-CTS

a 14dMM-CTS

« fHM-CTS
14dHM-CTS

60.00

40.00

% Disease incidence

20.00

EAt storage time iF
Fig. 2: Effect of chitosan coating solution on postharvest anthracnose disease incidence. Fruits were dipped in distilled
water (control), 0.5% acetic acid, freshly prepared LM-CTS (fLM-CTS), 14-days stored LM-CTS (14dLM-CTYS),
freshly prepared MM-CTS (fMM-CTS), 14-days stored MM-CTS (14dMM-CTS), freshly prepared HM-CTS (fHM-
CTS) and 14-days stored HM-CTS (14dHM-CTS) for llmin a?d stt))red at 25 °c for 15 days. Each value is the mean of
3replicates { =9).

Fruits which had black spots of anthracnose disease larger than 0.5 cm diameter were determined as
infected and counted toward disease incidence. Fruits that had more than 1.0 cm diameter of black spots
were defined as defect fruits. Treatments were no longer stored when defect fruits were found to comprise of
more than 30% of all samples. The result showed that fHM-CTS had no disease incidence on day 12 and
then increased to 30% on day 15 (Fig. 2). Postharvest disease resistance of mango fruit was greatly improved
when MW of chitosan increased. According to Herndndez-Lauzardo et al. [12], higher MW of chitosan could
reduce germination rate of Rhizopus stolonifer more effectively. A major postharvest disease of ‘Nam Dok
Mai’ mango fruits is anthracnose which is caused by Colletotrichum gloeosporioides. According to Bautista-
Banos et al. [13], different MW chitosan was added into a fungal medium and found that the proper MW
should be around 200,000 Da. Moreover, this study showed that fMM-CTS could prolong shelf life and
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allow normal ri;\)ﬂening of mango fruit to which both HM-CTS treatments failed. In addition, application of

high levels of

W chitosan not only interrupted the ripening process but also reduced disease resistant

capacity in fruits [14], Furthermore, all 14-days stored chitosan solutions had obviously higher disease
incidence than those of freshly prepared coating solution. The result of No et al. [15] reported that lon
storage time reduced stability of chitosan in hoth viscosity and antibacterial properties. Also, Ren et al. [1Gj
reported that MW of chitosan in solution form reduced simultaneously when it was stored for an extende
time and was degraded by microbes [9],

Table 1 Effect of chitosan coating solutions on postharvest physiological characteristics of‘Nam Dok Mai’ mango
fruits. Fruits were dipped in distilled water (control), 0.5% acetic acid, freshly prepared LM-CTS 1(fLM-CTS), 14-
stored LM-CTS (14dLM-CTS), freshly prepared MM-CTS (fMM-CTS), 14-0ays stored MM-C

a)s
S (14dMM-CTS),

freshly prepared FTM-CTS (fHM-CTS) and 14-days stored HM-CTS (14dHM-CTS) for 2min and stored at 25 °c for 15

Treatments

control
0.5% acetic acid

fLM-CTS
14dLM-CTS
fMM-CTS
14dMM-CTS
fHM-CTS
14dHM-CTS

Treatments

control
0.5% acetic acid

fLM-CTS
14dLM-CTS
fMM-CTS
14dMM-CTS
fHM-CTS
14dHM-CTS

Treatments

control
0.5% acetic acid

fLM-CTS
14dLM-CTS
fMM-CTS
14dMM-CTS
fHM-CTS
14dHM-CTS

days.
Weight loss (%)
day0 day 12 day 15
0 3324091 b
0 4.22+0.66 a
0 35610470
0 4.17+0.38a
0 359£024b  755+0489ns
0 377:048ab  7.06£064ns
0 3.621 064D 781 + 1.24ns
0 315£046b  7.19:0.87 ns
Peel lightness (L value)
day0 day 12 day 15
66.63+ 068 7041+ 190a
66.63+ 0.68 69.97+ 1.24ab
66.63£0.68 7033 + 1.66ab
66.63£0.68  69.01 £ 1.63b
66.63+ 068 69.83:0.63ab 68.70% 1.22a
66.63+ 068 6893+098bh 6851 :0.83a
66.63 £ 0.68 6580+ 145¢  65.96 % 1.57h
66.63 £ 0.68  66.02+ 140c  65.20%2.23b
Total soluble solid (°Brix)
day0 day 12 day 15
8.074£0.22 1333+ 1.62ns
8.07£022 1361+ 1.22ns
8.07£0.22 1407+ 0.80ns
8.07£0.22  13.16+2.06 ns
8.0710.22 1344+ 136ns 12,75+ 1.20b
8.0740.22  13,30+094ns 13.12+ 1914ab
8.07£0.22  13.63+ 137ns 1444+ 1122
8.07£0.22  13.86+ 1.09ns  13.81 £2.09ab

day0
4521031
452 £0.31
452 £0.31
4521031
4521031
45210.31
452£031
4521031

day0
89.92 ¢ 171
89.92 £ 171
89.92 ¢ 171
89.92+ 171
89.92+ 171
89.92+ 111
89.92£1.71
89.92£1.71

day0
1.18£0.09
1.18£0.09
1.18£0.09
1.18 £ 0.09
1.18 £ 0.09
1.18 £ 0.09
118+ 0.09
1.18£0.09

Fruit firmness (N)

day 12 day 15
3.30£0.56ab
34210412
3.00£0.25b
2.5310.20¢c
329+025ab  2.64£0.29ns
34540332 251 40.30ns
357+0.12a  250+0.21 ns
272:0.30be  2.380.30ns

Peel color (Hue angle)

day 12 day 15
76.35+ 6.53 ¢
73.22 1 3.58¢cd
74.05+ 1.73cd
7250+ 2.70d
7279+ 1.69¢cd 7313 £2.04b
75.04+4.91¢cd  73.02£3.08b
88.84+ 154a  85.93:4.05a
84.89+3.41b  86.02:2.17a

Titratahle acidity (%)

day 12 day 15
011£0.03b
0.07£0.02b
0.08£0.02b
0.05+0.01b
0.03+001b  0.09£0.02b
0.070.01b  0.04£0.010
0.78 £ 0.16a 0.15=10.07a
0.11£0.03b  0.15:0.10ab

Each value is the mean of 3 replicates (n=9). Means with different letters are significantly different atp = 0.05 + standard error. All values with the
same letters/or ns are not significantly different.

In conclusion, the most appropriate MW of chitosan for prolonging the shelf life of ‘Nam Dok Mai’
mango fruit was 240 kDa, and the coating solution should be freshly prepared in order to minimize the
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susceptibility to postharvest disease. Man?o fruits coated with fMM-CTS had 15 days of shelf life and low
antr;_racnose incidence. This finding would be an advantage for improvement of ‘Nam Dok Mai’ mango
quality.
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Development of Chitosan Thin Film to Prolong Shelf Life of ‘Nam Dok Mai’ Mango

i 2 1
Ampaichaichok, P.1 Rojsitthisak, p.2and Seraypheap, K.1

Abstract

An application of chitosan thin film prepared from 3 different levels of molecular weight; 65,000 Dalton,
370.000 Dalton and 410,000 Dalton, on ‘Nam Dok Mai No. 4' mango fruits for prolonging their shelf life was
conducted. Chitosan coating formulas were composed of 1% (w/v) chitosan, 0.5% (v/v) acetic acid and 0.1%
(w/iv) Tween-80®. Fruits were dipped in separated chitosan formulations for 5 min., and then air dried at room
temperature before storing at 25 °c for 10 days. The result showed that mango fruits coated with chitosan
solution prepared from 370,000 Dalton and 410,000 Dalton chitosan had lower fresh weight loss, retained
green peel color and lower total soluble solid contents than those of 65,000 Dalton and the control fruits.
Moreover, the shelf life of 'Nam Dok Mai' mango fruits coated with 370,000 Dalton and 410,000 Dalton was
extended to day 20 of the experiment.

Keywords: chitosan, ‘Nam Dok Mai No. 4" mango, thin film, shelf life
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(Bautista-Banos , 2006)
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(Hong , 2012) (Wang , 2013) (Ma
, 2013) (Gao , 2013)
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(Giovannoni, 2001)
TSS 10
Zhu
(2008) 20 MM-CTS HM-CTS
TSS
370,000 (Ali , 2011)

Table 1 Effects of different molecular weights of chitosan on weight loss, fruit firmness and TSS of 'Nam Dok
Mai No. 4' mango. Each value is the mean of 3 replicates ( =9).

Treatments - Weight loss (%) Fruit firmness (N) Total soluble solid (°Brix)
day0 day10 day20 dayo day10 day20 day0 dayio day20
control 531+0.10 a 780050  2.26:0.08¢ 8791099 170720744

0
LM-CTS 0 53310.15a 780050  253+0.05¢ 8.79£0.99  1467:048D

MM-CTS 0 395£007b 838x023ns  780#0.50  549:0.1la  549£0.10ns  8.79£099  11.00£023¢c 14.5040.29 ns
HM-CTS 0 423+£008b 879#0.24ns  7.80£0.50  4.80£0.19b 506£029ns  8.79£0.99  1293:+074b 155340.24 ns

Means with different letters are significantly different at p = 0.05 + standard error. All values with the same letters/for  are not

significantly different.

(Lightness: L value) (Hue angle)
Hue angle Hue
angle MM-CTS HM-CTS
(Table 2) 370,000
(Ali , 2011)

Table 2 Effects of different molecular weights of chitosan on peel color changes of Nam Dok Mai No. 4’ mango.
Each value is the mean of 3 replicates ( =9). Means with different letters are significantly different at p

= 0.05 = standard error. All values with the same letters/or ns are not significantly different.

Peel lightness (L value) Peel color (Hue angle)
dayo day10 day20 dayO davio day20
control 68.64 £ 2.06 6543 £0.87ns 10333+ 178 7016+ 1.02 b
I.M-CTS 68.64 +2.06  64.07£0.80ns 10333+ 178 73.46+ 1.38h

MM-CTS 68.64+206 6584:£058ns 64.96+126a 103.33: 178 89.25+1.044a 87.87+0.87ns

HM-CTS 68.64£206 6528+039ns 62.63+158b 10333+ 178 87.58x 1.66a 85461 0.73 ns

370,000

65,000

65,000-370,000
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Delaying mango fruit ripening by chitosan coating
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Abstract:

Mango (Mangifera Indica L) is a climacteric fruit which ripens quickly after
harvest because of high ethylene synthesis. Moreover, anthracnose disease caused
by Colletotrichum gloeosporioides (Penz.) is the major postharvest disease of mango.
These problems reduce qualities of fruit during storage and marketing period.
order to delay fruit ripening and inhibit postharvest disease, chitosan was used as
peel coating to prolong storage life of 'Nam Dok Mai' mango fruit. Three chitosan
solutions (high molecular weight; HM-CTS, medium molecular weight; MM-CTS and
low molecular weight; LM-CTS) were applied as fruit coating and fruit were stored at
25°c for 16 days, chitosan coating resulted in significant reduction of peel color
change when compared with control. addition, HM-CTS could delay mango fruit
ripening by maintaining fruit firmness, percentage of weight loss, titratable acidity
(0.22+0.01%) and reducing respiration rate and ethylene production of mango fruit.
Moreover, chitosan coated fruit didn't show any disease incidence until the end of
the storage while control fruit had the highest disease incidence and disease severity
(75% and 35.29%). It is possible that chitosan coating delays fruit ripening and
control disease infection by forming antimicrobial, semi-permeable barriers that limit
gas exchange thus reducing climacteric phenomenon and disease incidence.
Therefore, the application of HM-CTS could be used to reduce deteriorative
processes, maintain quality and increase the shelf life of 'Nam Dok Mai' mango
stored at 25°c.
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