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Abstract

Chitosan with a natural antimicrobial property has been introduced to protect horticultural
crops from diseases as an environmentally friendly method. The purpose of this study was to
investigate the effects of the pre-harvest application of chitosan on growth and quality during
the late stage of fruit development and on the simulated marketing of the peach fruit (Prunus
persica L.). The application of chitosan with calcium chloride (100 mg - L") three times at one
week intervals 4 weeks before the harvest significantly increased the fruit weight, changed
the fruit shape, and reduced the fruit length/diameter ratio giving the peach fruits a round
oblate shape. The calcium treatment contributed to enhancing or maintaining the storage
potential by increasing the flesh firmness. However, at higher concentrations of CaCl,, i.e., >
600 mg - L, the positive effects of the chitosan application were offset, and fruit growth was
not affected by calcium alone. The application of the chitosan/calcium mixture delayed fruit
softening, however, this effect was shortened when the storage temperature was 20°C rather
than 15°C. The internal quality of the fruit was profoundly affected by the concentration
of calcium added to the chitosan, and delayed fruit maturation was observed at a higher
concentration of calcium. The pre-harvest application of chitosan with calcium contributes to
the enhancement of food safety by inhibiting the occurrence of diseases during postharvest
handling. Considering the above results, chitosan has the potential to improve both the yield
of peach fruits and their storability. Because chitosan can enhance the freshness and shelf-life
of fresh produce, it is necessary to examine its effects on other horticultural crops.
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Effect of preharvest application of chitosan on the growth and quality of peach fruit (Prunus persica L)

Introduction

S-2uztollA] ZfelE]= E-goHPrunus persica L.)= A3tagol|x] 22]o] F45] B2 A= -3 (melting type) O = -F-5
7|7to] B2 THo] Qlo] o) & FESI| ARt ol AN =S XA 4= = 716 7ido] o5kt UiollA
e Beolks tiRE A2REAAE EE851A] 2L lo] f-aabdoli] Thso] HA| E21A ﬁﬂ— e e
Eo| stz ALF A7 ol B2 25| w7 s ol Jlen®, -5/ S fieh 8] Aol ghk= wejrle i
o) a7t}

7| EAR 7R, 259 @24 Yl Fago] AiERo] SRR 718-g HobA|Es} X 2fsto] Al2et B-(1,4)2-amino2-
deoxyD-glucose 2 HH FA-EZZA] E/Jo] I Q1Ao]| F3lf5}o] (Bautista-Bafiosa et al., 2006) 1]+ Food and Drug
Administration (FDA)O|A] A& 27HA| 2 491 %] 2ATHK norr, 1986). 7| EARS E-84491 7|83} E2] epidol|A] 4374] &3]
]o] -8 =7} =11(Shahidi et al., 1999; Pillai et al., 2009) T2A}0] QFo].& E]"%"—ﬁ— %E A2 (El-Ghaouth et al., 1991), 23]
Z1&d(Mi et al., 2002; Hsu et al., 2011), F-=4J(Shi et al., 2006), g E/J(Rabea et al., 2009)2 Hof AFJA 0 2 ] &
8511 QlcHKumar, 2000; El-Hadrami et al., 2010; Cota-Arriola et al., 2013).

S| At SHAS Aot 7] mAto] ol Ee] Almelnt Agslo] AE 822 S 2 A 7| Eke] ofslst
= AEE I AL g2 A 7Fs/dol AXE HE ATHGoy et al,, 2009). 7] E4R2 =91 7]9] Botrytis cinerea2}
Hljo] SHIY-& o}7|S= Alternaria kikuchiana Tanakawt2} Physalospora piricola Nosewt2] A} Hholo} A} RS- oA
Stk 319t Meng et al., 2010).

Du et al. (1997)5 Hakuho' E-z0f, ‘AT vl So]] = 7]9jof| }lof 48 & 7| At Xe)= 2] s/t #2905 4=
Aol Aol r o5 9 o[l HAES Aot 5715 A|AAI7 )AL HallE AZAIZATAL SHlaL Aol M = A1 5
H AskE A AAIA FA Aol b4 ol2kal 5FITHZhu et al., 2008).

Meng et al. (2008)& Z o] 7| At 58 2 Bl 58 S X2} & v wslQle=tl], 48 4 22| A W sollx] Fajj Ao
S QIR G110, Ahn etal. (2014)2 “dRFE7]ollx] 48t Hof 7| BN ZH5-5 £.8 A 2jslo] RujE A AAZ 5
AL 231 59l 2fzHejo] tigh -t (Tezotto-Uliana et al,, 2014)014] 58 A Ael= 4 9 214 5 H=5 &7 &
AAZ o 48 & A2 = 25]2 ASkE FX5I e oo tigh ol & 22| £ % wpAo] SHIEA] Yok Ao
7J2A 1L, Prashanth et al. (2016)%= 2|2}t 7| EAto] 6] HEER] ok 49 5] Huig 3712 7hs/d= A1t
sick

QIR oM 58 7| EAF A g 2P H]Tieh TS E et o] 71 EA0] Qo] AEA IS SRR 47

o] g1} T2 3HES o] AlE APL0) %Q —%—2'}\7] ufEol2kal A5 THARmed et al.,, 2016). Modal et al. (2012)2

:\9

2 F2o]| thgh 8t 7| A 227 A A, B 571 227 |H I HIHE S5l aEEE S/ HAIRITAL 519 o,
G710 = A0] YT 2= 2l HWH% % *]?dEHAbdel -Mawgoud et al., 2010).
ShH TioFst YoljzkEol| thst Zhge] A4 271 EIHChung etal,, 1993)= de] &ejz] 9oL}, 42 A Y& o] 3

o] ofelg] k0 2 x|elgt 720 A ) 52 x}omaxl 07 T 2 AT 0 512) Tlohg Qo] det
(Manganaris et al., 2005). Hernandez-Mufioz et al. (2008)-2 7| AN} 25 S80S wy|of| 28 & 2]2|st A}, o5 2 7+
.82 255] 8 7500 AGIo] /| EAIS] S i 248 B AEE RAH Che 2 8 e} Tk
ol2}al sl Sk galof|A Lt E-8510] 7| Bk A 2|eh Auf, F4 A5} glo] FullE f2lsiA AAllskes &t B
o}(Chauhan et al., 2014) Zr E-80] 7| EARS] FIlE =i 2 Q1 7oA S Hoj5ort
U AR ofeh 2kR-s2k ZAF SR Qlsto] Ht obAgH &of thix] &4 dhao] AAA| 1L glom 7| B4k HF:
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) TR WY BA B Ao 7| RS ol 3le] Bolol thet 43 1 A7 B Al vl
%2 7=l ohe] 48]0l slo] T '5oF AHE- thAld 4 Qs 7Hs A HAt sl

Materials and Methods

AEME

=50t I (Prunus persica L2 34 oiite] S 5716 A72golA Alss HE = gl
&7 olA Al WS, G AR S o] 85I ZHZte] Bgoke2 w0 2 Aisil o
20154 8 119, 22220171 7€ 199, FoABHT"=20174 9 170 212+ 4:815194c

22 e 7fel
on] HEEHEE

2| SH M= A H4E

2]2]Fof| AREEl= 7)1 EAKIS Logistics, Taebaek, Korea)2 B[RS} 7504 o|401 A& AR50 A¢]-82.0%
7| EARS ZAHacetic acid)S @11 WHISHH Blo| 2452 7]5io] A 52 0. 5% 2 2451 A2 oFl= o] 5Al5}
o 7|EAH00 mg - L' & 25k ZreAll = T4 J3kz(Samchun Pure Chemical Co., Ltd., Pyeongtaek, Korea)< O]
911 Mol o1 ELE 35 1ol 42 46 100,30, 60 me L1 394555 5512 5
Zhg AFEOH2-3 000 mg - L'9] 5= 2 FH|5IICh 8] H A goof] AHZAIA (Perjine, Green Biotech, Paju, Korea)
0.02%% 7}t 22| Al7|= Bg ARl £8715 7|08 : AZARE 12740 2 2332 23 Ao Asla
oA} A 17 50l 4911,

XN

BEENTE Y A AT TS S 4.5 ke THA Aol T T TR 5 20709} 15°C0) Ao 247t
PR S o G YC AT 37 95, 8 2 Bl el
AL 57l 37302, 5 19 el 58 Ao At

CLIERS 7}011A1~X11A+ﬂ54 42 20 Mol ot Bk 7151 SIs) 9 BAE Aol IS e TyAel
0.2 17 0] Aeiich £ Lo 220128 30°C IO S ok 50-60% o8] £l

o rolr

P AIAck
GEAGE = 48 FUo| PR S S B RAZ 2ASI0] 42 7| EAF 2o Ao Bl o

s 2ALslgik theTe) T 837, el walg 967Ngic:

T2 HAA &S o] &3} 1M 7iH BAIE 24519 01 -2 digimatic caliper (IP-67, Mitutoyo, Tokyo, Japan)S-
o] g5to] 27 U 373 =45t T AL Al = 2}A|(CR-400, Minolta, Tokyo, Japan)Z- 0]-83}0] L*, a*, b* 2 h°2 Lt
ehick

7= texture analyzer (TMS-Pro, FMC, Philadelphia, USA)2- 0]-835}0] 217 8 mm 2] ¥& probe S A2510] Zlo] 5
mm7FA] JEA|A H o] 515 22 Newton O 2 Ao B7[5190c) 7184 1 E otk 474 9] cheese clothS 0]85
25sto] B2 52 G EAI(PR-320, Atago, Tokyo, Japan)E 01-85t0] SFIOH A &HRe 115 5 mLo]| Eol24
35 mLE 7}5F 2 0.1 N NaOHZ pH 8.3 02 Aot & Alapiko 2 haksgict,
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o5 W ollgal 57234 LO] | -§7]of| ol /20l 247 EA] &, 87] U] ZEAS FAP|E | mL ZR{E S
Z}Z} FID W TCD7} A2 gas chromatograph (GC-14B, Shimadzu, Kyoto, Japan)Z Z743}3ich T LR 7kA ZAR=

& &2 Folsto] U 7IAE ZE $ o] F1 mLE F5to] TCDE 423t gas chromatography
(GC-14D, Shimadzu, Kyoto, Japan) 2 A5}k,

g5
olfL,
rlo

|
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]
we
o
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rir
o
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i
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L
A

sto] g Aol Briglo] WA §7E ZAJslo] g2 T3S,

A5 ZANE A A S AT AlFS Allekar BE AE2 P ofulixH o 2 XIsisilom A A= 3RHRC
2 NS, EAEA]2 SPSS Software package ver. 21.0 (SPSS Inc., Chicago, IL, USA)E- 0|85} Duncan T4

Results and Discussion

I Ao jxl= S

HF o] wAl BAL= 1 EAR100 +Z 100 mg - L] 2] 7ol A 718 2-2-310.0 g, Zh4 3,000 mg - L' 2]2]7Loj| A
7} Lk 252 5 00 & ZAEIQIT] 7] EAF 100 mg - LTHE 2]k 2k 300 mg - L S8 E Z12F309.0 ¢7}307.6
gO & H| WA 150 AT 2 Shago] 2 79 Ha v S3bF AE|QlTHFig. 1). BIE 223t 7| EA 5= o
Z2|7HE7](Abdel-Mawgoud et al., 2010), 2 F2HModal et al., 2012), 2 #1X|(Ahmed et al., 2016), THE2]7HGhoame et al.,
2010), EPHE (El-Tantawy, 2009)0l|A &= 48} A ] 2| 2 dpZFo] Z7fetirtal Bals|Qiet. @7 )= 48 A Zg 227t ik
& S7MIZTHAL 513 01 KSingh et al,, 2007) 2 A&ol| A= Zkg x| 2|o) oJgt 2R5o] Z71E] A= gigkom 7| EAt o

350 -

Weight (g)

ULl L L]

Untreated CS 100 CS 100 (SIOO CacCl_ 3,000 Cs 100

+ +

CaCl_ 100 CaCl_300 (a(‘]. 600

Treatment (mg'L I)

Fig. 1. Effect of preharvest chitosan (CS) and calcium chloride application on the fruit weight of
‘Kawanakajima Hakuto’ peach at harvest. Different letters indicated the significant difference by Duncan’s
multiple range test (p < 0.05).
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= X2l M= 5] 3715t AukE 1T o) 7| Eqte] T2 SV A7 = .91 0 2 wE) 7| EAto] i) mlx|=
7120l tef A= r ksl el A1 2] LQFA|RF El-Tantawy (2009)= ERFEC|A 4:8H A 7| EAL X2)= 84 a, b} 712
Ejlro] ol 7k yobd Il MAE ZS7HZAL, AT Q1] A EF o] S7Iske & d i ddol SVt EEhitEel &
20] 2713 S 7173 A7 51 2Lt @ Fetet B ol A= 22 SRR A 540 FRk2 Zto] 7} glod (El-Miniawy
etal,, 2013) 33/ 28 o]9]o] @l HofFhe 710 7 gt

5 37k 2 WIShE Zeffoto] po] Mjalkn; S7ksto] e A= FA{g]71e] 0.95 T 2091 -0.922 144
Fel=HYFo 771K Table 1). 2 F2te] 739 7| EAF A 2] A]7]7} 0] 2 72, 144 Zo| 5 7 2H (Modal etal,,
2012), 8 3t o) 7| EARS ]2 o Qax]9] 1S MY 0 2 FASHA|IZITHAL Slof(Ahmed et al,, 2016) 8} 2 71 &
AbHels 7] I RS ISk 71 A 0 & e,

WIS FE-2 B7olA A2 A2 SHA] S RS dleolo] W AR] 153 Al Qboll Azjjsto] A sl Ael]l
WAE 25 9 S ARVE el Folet] A% 5 2hie] 211712228 - 30°C, e 50 - 609%2] 70| Utk o
M AFeEl el e] 3t A= 48 GolHE] 7] EAF100 +ZH5 100 mg - L' A2 FLolA] 49 NO 2 F2]2]72] 40 N
B} =9kt (Fig. 2). A% 2ol 71 EAF 100 +ZH5 100 mg - L' 28] 77}12.9 NQlg| Hisl] 2]z = 12 No & F45}

s}

N —&— Untreated
5 —&—CS 100 + CaCl_ 100 mg-L"
n :
\
\‘\\.
4 L
\ "
N AN
2 N\ .
2 N\ N e
g 3 \ .
Z \\ ‘\
o N
= \\
N \\
Y = \ \
- N\ \ %%
~
\ -
\
-
1 —
\\
e

Days after storage

Fig. 2. Effect of preharvest chitosan (CS) and calcium chloride application on the firmness of ‘Baek Ok’ peach
during five days of shaded outdoor storage. Different letters at each date indicated significant difference at p
< 0.05 (*) or p < 0.001 (***) by t-test.

Table 1. Effect of preharvest chitosan (CS) and calcium chloride application on the fruit shape of
‘Kawanakajima Hakuto’ peach at harvest.

Treatment (mg-L") Length (cm) Diameter (cm) L/D (Ratio)
Untreated 7.58¢ 8.00b 0.95a

CS 100 + CaCl, 100 7.75ab 8.56a 0.91b

CS 100 + CaCl, 300 7.79ab 8.47a 0.92ab

CS 100 + CaCl, 600 7.51c 7.98b 0.94ab

CaCl, 3,000 7.48¢ 7.98b 0.94ab

CS 100 7.88a 8.65a 0.91b

a- c)l Different letters within a column indicated the significant difference by Duncan’s multiple range test (p <
0.05).
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Al AP0 A 5ol 7] B4 100 + 25 100 mg - LT A2]5LollA 1.7 N, Fx{2]7 0.7 N2 H2]tojlA] =] f
2|=|9ich 7HeA 13 B0] 749 43t Aol 7| EAH 00 + 25 100 mg - LT %2 FLollA] 11.5°Brix 2 F-2]2]7e] 10.5°
Brix 2o} =3t} 27 29 o] olli= A 2jo]] wp2 Xpo]7h YehtA] QRttHAFRRIAIAY). 428 Frajolli= 2hAle] H]d] A=
22 7] 2to] &2 Qlsf Fiexrh Ayt 71 0 2 AJ7E|m o] o] Fojif= 2ol ke 2lol & HHE 4= giiTh

FEUFE = 7|EAF 100 + Z5 100 mg - L' -8 A 2] Foflx] 2Hal o] v]ch &3t} &His) LERdTHFig. 3). T 2]+t
78Tt 150] 283 2 g RlEl| Hbsl| A2 te] st w5-2-353.2 g O 7 50| 9F25% SIS HA WS 2 EE HL
SollM = FxIE 2fo| 5 HolF=ql o 300 gol o] Thd HIE = 2] 33.3%¢] Hlsto] A 2]7=81.9%= Wiﬂi}Ol
£ E3ch wfebi] tirE]E(00 - 450 g)= X 2] tol|A] 2ulf o)} Z7Feeirt. HE i Bt ahg Z7 7} S5ish A
Aoy’ = uhA= 0 22 A3 7|of| F<&5} vl A7) Elsh= EE EAo]| 7|Q1SH 7l o &2 Az

A 22 Yo 7EAS B A Aat 2] re] o) steteka Sk Fae| e =9kt (Fig. 4) 7 B4 100 + 24 600
mg - L' A5 AQlolal Z450] w57t w245 Ul o|atatehA e =2 A3o|T). 7| EAF 100 mg - LT 5 4
2l 1.8% = tiR T o} 7| EAR B Zhe X2] 7 2Hd ERo] HJ I+ Pt 7HA fEUS SAlSHEE Ui o4t

S 9 ol A0 elch Aol 7L ool 45 MUl ool 58 ol 9o} 22 2
Aol §2J5171 25142 M5 A= BiAIE 4 SIEHKim and Lee, 2001). 2h4] U 220] ol stk 37H 81580l

Al fructose-6-phosphate2] fructose-1,6-bisphophate 2.2] Z¥HS- AA|A[A A= S 52 JASIEZ (Kerbel et al., 1990) 333t
AL AR E AT B R IMF-E 2olE A 0 & A ECE 2 o] AnE Fokel & o 2 7| EAN A= &
ot g2 377 1H WA E4 SXlol|x 7|0 7l o = yeEc

HME FX|of| CHet Sk

S AHF M SR {8 20T FARF20°Colxe] 275 52 %ﬂé ZAFSIATE 48 o] T =]
EAF100 +7ZH5 600 mg - L ] 2|7Lol|A] 7P 42 24.9 No|Qla1 7| EAF100 +Z5 100 mg - L 2277} 7Hg & 21.1
No|lom th2 Hejtoil= BAK O & o7} GGt Table 2). 2L} 20°Coll 27gt 0] Sofl=Zh 3,000 mg - L2}

Fruit property Vidodag] v 100¥
CaCl: 100mg L+
O [722])
35 Ma frat W@ %3 FITE
] Max frait We(@) 214 211
Average fruit Wt () 2 3832
30 >30080) 333 819
— 300~ 4508 (%9 333 1
Total fruit No, © %

N
2
T

N
o
T

2]
T

Relative frequency fruit (No.)

o
T

o LA Za)

I R T I E 1
150- 200 200 - 250 250-300 300 - 350 350 - 400 400-450  450-500 500 - 550

Fruit weight (g)

Fig. 3. Effect of preharvest chitosan and calcium chloride application on the fruit weight of ‘Changhowon
Hwangdo’ peach.
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7|24 100 + 2 600 mg - L' 2]2]5rollA] ZJerh 2 oIl 7] B4 100 mg - L' T 2]2] ol v} 7 wok
th A1 5Uolle 2 B 5 &8 22750l AR ez fofshl w9kom S8 de vt 2= A &
A== oI 714t 100 mg - L T 2{2]512] 739 A1 5 Bl 1040l B 7t S| AL o] 7| B4t 2] 2]of]
&t Halo] A3} o)) Gk ] 2] kT

7| EAt B g 2]2]ol| ook A FA] Sk SAM R fofsiA| T EA] gigtom BE A2)te] ahdo] A2

25 -
S 20t a .
5 ab ab
=
5 15+ be
b
S ¢
et
O ok
<
=
o

0s -

00

Untreated €S 100 €S 100 CS100  CaCl3.000  CS100

CaCl, 100 CaCl, 300 Ca("l: 600

Treatment (mg°'L I)

Fig. 4. Effect of preharvest chitosan (CS) and calcium chloride application on the firmness of ‘Baek Ok’ peach
during five days of shaded outdoor storage. Different letters at each date indicated significant difference at p
< 0.05 (*) or p < 0.001 (***) by t-test.

Table 2. Effect of preharvest chitosan (CS) and calcium chloride application on the quality of of

‘Kawanakajima Hakuto’ peach during storage at 20°C.

Storage (Days) Treatment (mg-L") Firmness (N) Soluble solids ("Brix) Acidity (%)

0 Untreated 23.9ab 12.1c 0.29¢
CS 100 + CaCl, 100 21.1b 12.1cd 0.21d
CS 100 + CaCl, 300 23.9ab 11.2e 0.32a
CS 100 + CaCl, 600 24.9a 11.8d 0.33a
CaCl, 3,000 22.6ab 12.6b 0.28c
CS 100 23.2ab 13.2a 0.31b

5 Untreated 23c 10.6¢ 0.31bc
CS 100 + CaCl, 100 2.9ab 11.7a 0.38a
CS 100 + CaCl, 300 2.7b 11.5ab 0.34b
CS 100 + CaCl, 600 2.8ab 11.3ab 0.34b
CaCl, 3,000 3.1a 10.6¢ 0.38a
CS 100 2.3c 11.1b 0.29c

10 Untreated 1.8b 10.3d 0.27bc
CS 100 + CaCl, 100 1.7b 11.7a 0.21d
CS 100 + CaCl, 300 1.7b 11.4b 0.26c
CS 100 + CaCl, 600 2.1a 10.9c 0.38a
CaCl, 3,000 2.0a 10.5d 0.29b
CS 100 1.7b 11.3b 0.29b

a - d: Different letters within a column at each storage day indicated the significant difference by Duncan’s
multiple range test (p < 0.05).
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Faglo] A7 sLoll FAs] ek At A 257t ot 71 EAtel] of gt tiabakg 24 Gyt Hofx|7] miEe.
2 34tk Zhang and Watkins (2005)= 2H20 tgh o iateka: A]ejol] o3t B f4] B 2tof wet Fepxiia

OEEER) 3 B A1 7 MHE YL 7= Helet BAglo] B X2 5 345 vk A FolgiAt

2] 7k 2pol7k 22| Q3kthTable 2). HHol AF §Fe 20| 5=/t w205 E3tem A%

T A2 8} A o] LR FA|2ftollA] Thas Rotat 2j2ftollA w2 Aol ot X2kt Aol ke Hak= 54
S ATHTable 3). S5 M ZH P77 48 AL O] a* gk SAAIRI oJ21E Hol X oLt 217 o] foll= 7] 24t 100
+ZF4 600 mg - L' 22|72} 2k 3,000 mg - LS Z2f ol M= a*%t 3717 H RIGIITh b gt T HAp AL 5
AR O 2 foldt 2jol 5 Ho| 2] AR A o] Foll= a*ghat Wit = 2] Fiert 52 A2 tollA A fAI=IIE:
9] hue angle2 48 FL Zg 571300 mg - L o] A2j7-50] WHFA 0 2 22 S Itk ufha] dpuj A
Sh= 71 EAt o 2222 IA] AL A Folls ol 5 A2)7F A HSkE: tha X| QI Zl o2 ek S
e rrHeg u) oS sl o X217 71 EA 100 + 245 100 mg - L' 3} 7| EAF thEa] 2] 5 Z)gof| wh2 e
HEP}fAfsto] ol A2l A Sol| thigh 7o) gl 2102 HeIh Bhaskara Reddy et al. (2000)2 27104 71 &
AR S b7 U A O 2 2R3 Al Ad4E AT 313 oLt B Aol ARG B 7180 Bk
2 2J2folo] 52 A|AATIA] R A0z dHE B R 48 22 Al S5 2 £7] A oS
O & )

g s S E2 7dFolet 53] 350l 71 Wt 7124 100 + 24 600 mg - L' 2]
g - L' 5 2{ejtollA] 217 5U SR E] o Dl EAio] FtshA] HRlTHTable 4).
to] AojdAE Z7IsIgl =t T2 A2 Folldte £t I AP} el HE A= Rof
R 7] Eqk 2] 32 Faf] 2917} e A5kl Z33o| ATHALR mIAIA)). gt Fufja} o] 4
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Table 3. Effect of preharvest chitosan (CS) and calcium chloride application on the color difference of
‘Kawanakajima Hakuto’ peach during storage at 20°C.

Storage (Days) Treatment (mg-L") L ar b* h°
0 Untreated 59.0b 13.0a 23.5¢ 59.9ab
CS 100 + CaCl, 100 62.2ab 16.9a 25.1abc 57.1b
CS 100 + CaCl, 300 64.6a 12.4a 27.5a 66.3a
CS 100 + CaCl, 600 61.6ab 12.5a 25.7abc 60.1ab
CaCl, 3,000 62.2ab 14.9a 26.3ab 60.3ab
CS 100 60.3ab 16.5a 24.8bc 57.0b
5 Untreated 59.5b 21.4a 26.0b 50.6¢
CS 100 + CaCl, 100 60.0ab 19.3ab 25.5b 52.3bc
CS 100 + CaCl, 300 64.0ab 18.5ab 27.7ab 57.3abc
CS 100 + CaCl, 600 62.8ab 16.2b 28.6ab 59.5ab
CaCl, 3,000 65.6ab 16.2b 29.3a 61.2a
CS 100 65.9a 21.0a 29.7ab 54.8abc
10 Untreated 60.9b 24.6a 28.1b 47.4bc
CS 100 + CaCl, 100 61.6b 27.5a 28.2b 46.2c
CS 100 + CaCl, 300 64.3b 24.4a 30.3b 52.3b
CS 100 + CaCl, 600 70.4a 15.0b 35.6a 66.5a
CaCl, 3,000 70.5a 19.0b 34.7a 62.0a
CS 100 65.5b 24.1a 30.6b 52.5b

a - ¢ Different letters within a column at each storage day indicated the significant difference by Duncan’s
multiple range test (p < 0.05). L, CIE Lightness coordinate; a*, CIE red (+)/green (-) color attribute; b*, CIE yellow
(#)/blue () color attribute; CIE, commission internationale de 1'Eclairage.
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Z2710l9t 55He -k o] 45t Y Aol A HE2 Eef A o] HulfE U or)= F o3t vt E Zlog 2
E|lor 2 Aol e ZARE 247 Aol Zk5E A oHA] ekt

&7 302 floto] A1 2 15°Coillxle] F4 Haks RARIGIT: 9 20°C 2174 A @olA axbdo| i 7| =4
100 +Z+5 100 mg - L2274 15°C A7 2710l A = A 20] 2po] S SE5i51A] B K Table 5). 2 AHolM = 24 &8
50 47 10210] 18k 2J3A SIAIA F9L0 R £5] Thale] ule) Ex7h RIS 7 =AY 100425 100 mg L
Ae|Te 7| Bat Tl et 2] AE A fAIAIA S0 S8 Zgo| 9] B =& fAlshet 7]ofste] 7]1E9]
Aot - ALSH AT tHHernandez-Mufioz et al., 2008; Chauhan et al.,, 2014). £35] AS}7} A5 E 274 10Lof|= 7| A
100 +ZH5 100 mg - L' Z-& *2}7oll f-2lskA] B et =7 ZAREIITE A% 15Uolk= SAAR] 2ol 7} ARt 71 &
AF100 + 25 100 mg - L' Z-& A 2ol A Bt =2 oIl A 30Yol= Fxfe} et fAR 02 7| B4
I gt RE]R] QIR A Q1 aH ok 2451A] FA| =l

H O] ] Hel= U o ikt ek =0 /g4 A AAI7 =t (Banks, 1985) 58 & =2 o|AbSbekA £
212 7o) 4 Aol =] =|H(Deily and Rizzi, 1981), B719] 739- Fuf, &5} o2&l /g2 AAIsHA oM (Ke
al,, 1991) =5 &=o| At A& 512 stA|7Ickal B 1% ITHSmith and Skog, 1992; Watkins et al., 1999). 7| EARS:

] FHoj| m]2to] FAJE|o] 7kA FEUS oI5 =2 (Bai et al., 1988; Elsabee and Abdou, 2013) 2HA L]

FSlEha, o &Rile] 248 HSHAI7] 1l (Hagemaier, 2005; Meng et al., 2008), U220l Z 4% o] iHalek
A AEE A7) AHE g0 Gt ol2}al 51ITHEI-Ghaouth et al., 1992). B4olof| gk 4=
oJAke] 7| EAM ol A HE Qx]9} A< 2|do] TR O™ (Du et al.,, 1997), Ahn et al. (2014)2 7|
A 7| AN+ ZH52 Aot M-S 48 & 111 0] o ALk $17o]| -2 A)Z W ethanol insoluble solids (EIS)
A3 o] X o] Agt A aats ERIgHH Itk =& o|4tetekA w7t Z4o] Ui o| 3y} A| 2 A3 2
FEE T7MIA HEY F e FAETL 5l =T (Wang et al,, 2014), 83 22 4 = FXlo]| 7]ofd 2l o2 27y
™ fARRE 227t aloll A 7] B4t X2| 2 R ol4heteka £4o] 442 A1AAZ| 1L Du et al,, 1997), 719 H 2t2H]2jo]
Mz 7| EAL 22)l= dA 717F 50t A S SR AR Ik B 1 E]QICKTezotto-Uliana et al., 2014; Lee et al,, 2015).
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Table 4. Effect of preharvest chitosan (CS) and calcium chloride application on the ethylene evolution of
‘Kawanakajima Hakuto’ peach during storage at 20°C.

Storage (Days) Treatment (mg-L") Ethylene (uL-kg"-hr")

S Untreated 27.6ab
CS 100 + CaCl, 100 28.7ab

CS 100 + CaCl, 300 20.7b

CS 100 + CaCl, 600 19.8b

Cacl, 3,000 9.9¢c

CS 100 34.1a

10 Untreated 118.2a
CS 100 + CaCl, 100 86.4cd

CS 100 + CaCl, 300 105.4b

CS 100 + CaCl, 600 73.5¢
Cacl, 3,000 79.2de
CS 100 93.5bc

a - e! Different letters within a column at each storage day indicated the significant difference by Duncan’s
multiple range test (p < 0.05).
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Table 5. Effect of preharvest chitosan (CS) and calcium chloride application on the quality of ‘Kawanakajima
Hakuto’ peach during storage at 15°C.

Storage (Days) Treatment (mg-L") Firmness (N) Soluble solids (‘Brix) Acidity (%)

0 Untreated 23.9a 12.1b 0.29b
CS 100 + CaCl, 100 21.1a 12.1b 0.21c

CS 100 23.7a 13.2a 0.32b

1 Untreated 23.5a 12.5¢ 0.32b
CS 100 + CaCl, 100 24.3a 11.1b 0.34a

CS 100 25.6¢ 11.4b 0.34c

5 Untreated 2.8a 13.9a 0.29b
CS 100 + CaCl, 100 2.9a 12.4b 0.34a

CS 100 2.8a 11.7¢c 0.28¢c

10 Untreated 2.0b 12.0a 0.25b
CS 100 + CaCl, 100 2.6a 12.0a 0.32a

CS 100 2.0b 12.2a 0.28b

15 Untreated 1.9a 12.7a 0.26b
CS 100 + CaCl, 100 2.2a 12.5a 0.30a

CS 100 1.9a 12.1b 0.31a

30 Untreated 1.9a 13.0a 0.23a
CS 100 + CaCl, 100 2.0a 12.5a 0.22b

CS 100 1.4b 12.6a 0.17¢c

a - d: Different letters within a column at each storage day indicated the significant difference by Duncan’s
multiple range test (p < 0.05).

T o] Aixk= 2efefl mhg froldh k= LehA] RITHARR HIAIAY). LAghe] 39 A1 o] $oll = 7 2] g7 gigio.
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ot 159 o] Fofl= 22|zt 2po 7 IIE: b2 A1 A7t Aofdaes BE 22| FollM 4% S7Isiglom 7| =4t
100 +Z 100 mg - L' &817 7] 2ftoll His thas -2 73|l ot SAIA Q) frolahe {3iTt Hue angle 2 417 &
a7} old= 4ol om A Thol] AR SAIAR] Afols LrehA] edohet. ot A1 o] 2582 Ak At
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Conclusion

58 A 7| Eat almxie)7h Baof aHd o] E-IL AAE FAjof BlX| s FFS Lok ffete] £ AES 43 .
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