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Abstract: The effect of nitric oxide (NO) treatment on the quality of kiwifruit, cv. Hayward, was studied at room temperature
after cold storage for one or three months at 0°C. Kiwifruits cold-stored for one month were treated with 200 uL-L™* NO and
subsequently transferred to room temperature to monitor quality changes over the course of their shelf life. Weight loss was
high in fruits not treated with NO. Ethylene production was delayed for two days by NO treatment, and respiration rate was
reduced to less half than that of the control. The kiwifruits stored for three months were treated with N, and 100, 200, or
500 uL-L* NO, or air alone. The highest weight loss was observed in kiwifruit treated with 100 uL-L* NO. While ethylene
production was high in fruits treated with 100 uL-L" NO and without the treatment, it was relatively low in the kiwifruit
treated with 200 and 500 pL-L" NO. Firmness was abruptly decreased in fruits not treated with NO, while the kiwifruit exposed
to 200 pL-L" NO maintained the same level of firmness for 9 days at room temperature. In addition, growth of Botrytis cinerea
was inhibited by NO as compared with the air and N, treatments. Our findings indicate that NO can be used effectively for

prolonging shelf life and maintaining fruit quality during distribution after cold storage. The optimum NO concentration for
cold-stored kiwifruits was found to be 200 uL-L™
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71$HAS T 5 AEo] Sdt By A F
Akt fofjapr sk Aeo] dA5] ATk A
& 5 WAske Fujtte 2 Holu =8t A A B91E
E3] Bsto] 7HE]7] wjEo]m(Bautista-Banos et al., 1997),
o|F A EAYFE Fuffo oJsiA ofddlo] WA= AxfvhE
o] dojubA Hr}. 7192 A= Aba 27(2-3%) 1}
o|AkstErA 2 Z(3-5%)o A A A AXZ Sl A%
7|t A EEE A F olldHlle] A= 5a% a¢lo]
CHArpaia et al., 1987; Saltveit, 1999; Stow et al., 2000). tj
ho BEFEH AL ALolN AL Bl o
o wAee) 2718 wolt vkl F9BAS the TS}
= 27 0°C A2ol|A A2 A5 4-671d7HA] Aol 7hs
sk ol #|o] WAYE]] eF=CKAntunes and Sfakiotakis,
2002; Antunes et al., 2000). 22U} Ao &2 A ojddl
o 323 F7tel B ABE fETORA EAL 34
3] AIA|7]E= 2 92l1o] FtHArpaia et al., 1987; Mitchell,
1990).

QAFEA Ax(nitric oxide, NO)= A AR} ArALATE
o ARE BARA AT Fle] mE ARAIA A
AT NOE A 23te] Fskelo] %ol MEure 47 S}
sho] ohefst Fejo] Absh-ghelg o7 Haldh 4= Qlal, Al
W EAishs vt A5 ddete] e ede &
QFASt free radical 7}2~0]tHWink and Mitchell, 1998).

AlEEoF T YorHEe] 425 A tiAte]l TRIE NOoj|
Wk A= WA ogdll 2 AE20k0] e 4)(Leshem
and Pinchasov, 2000; Leshem et al., 1998), SAFE- &%
(Ku et al., 2000), F=24 FX|(Eum et al., 2009a), 45 HS
SKHausladen and Stamler, 1998), ¥ #3}Al(Delledonne et
al., 1998; Malolepsza and Rozalska, 2005) 5 33 LI5HA
A7) A=)l QIth Leshem et al.(1998)2] ¢15tof ul=
H WA NOO S AEA9] A F a7k Za)sH A
Foje=d olgeh A ofgdll WAo] F7heE= A F
o] AFFAE Bk A NO Ao oJsfiAx ofd
S FeAl7le adE Holed|, EntES o83t o
o] A¥oA] NOE ZF <4 ThA|(mature green, break, pink,
red)H=2 A2 79 gl YA AI71E AN LAY
Fol Aase a7t Yebgetl, 53] vlids dA 9 o
AojA oflddl A AAaTE HE A YERTHEum
et al,, 2009¢). EutESA= NO Ao 2]t ofdall Ay Q]
ra= ogddl &2 ¢l aminocyclopropane-1-carboxylic
acid oxidase 2] /= AAAZIHA Yebgth 22y B

TAA 667

of ‘mHi’ FFo A= Y NOE AT 45 5ol
el ] o] Aubedo] A AEHA A7t St F2
= FAAZ HPE ol TS A AA7IA = ZRTE
g A NO A2|9] Al7]= A& A7t ths fe= AAIstH
7] Ao A]sh= Aol Ewote] F8S FAAIZ =Y A
Holgh= A AAISHHA A Fode AlAFSH
CHEum et al., 2009b).
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& o] o8 ‘Hayward’ 7| 91552 == sid
A1 w8l ot IS SEEskth 719 Y] et
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A7, Mg, RE)REE SEEekk

NO x2| & Mz =21

1719 E+= 370 5t 0°Coll A A 7] 9jaba& oF
3.5kg® 717} 1SL Ao @il NOE A 2siit). WA 3
W 5ol AaE A|ASH7] ¢34 continuous flow system
O {4 3L-min” NoB H2|ste] BH Yio] 3715 A
st ohS Aojo] AAE inlet 4312 F 200uL-L" NO
2 Fastck NOZ e T Wwle] Mue v sl
A SAZE HARE 2 AHE do] 37]E AT =
20°Ce] 257t AstHA F2 HsE wEsklth

Tpas
717k Bt BERI P AYFE FAL 1L Y
Ag710] Yol 342 WHAR F o] HHH fAE

packed stainless steel Ztgo] A2FE 7pA I 2ulE T
(Model M600D, Young Lin Instrument Co., Anyang, Korea)
£ olgste] ST oAttt o dile: 212} thermal
conductivity detector(column, 100°C; detector, 120°C; carrier

gas, He 30mL'min'1)9]r flame ionization detector(column,
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150°C; detector, 180°C; carrier gas, He 3OmL-min'1)—§— o|-&
stel A&steic.

Z = A|(TA.XT2, Stable Micro
Systems Texture Technologlst)g o] g-slo] =A5FAch

Botrytis cinerea Y % Colony 2t&
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Fig. 1. Changes in weight loss of ‘Hayward’ kiwifruit treated
with or without 200 uL-L" NO during storage at 20°C after
1 month storage at 1°C. Bars indicate the standard errors
of the means (n = 5).
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Fig. 2. Changes in ethylene production of ‘Hayward’ Kiwifruit
treated with or without 200 pL-L" NO during storage at
20°C after 1 month storage at 1°C. Bars indicate the standard
errors of the means (n = 5).
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7191k o) A2 A & A fre A
skt 9ok NOL A1 Aol A4iHe = A
& EARN AEAERE g HES EolH
AA]ZItHLeshem and Pinchasov, 2000; Leshem
et al, 1998 ) A=A 25 E NO9| &2 og#lo] A E
= AT A9 FAle| o]Fojxittar HuE od@llzt NO
o WA= ofotE 2 (stoichiometric) Q1 #A 2 LER=t,
AlEAI7E ul gt Ao = NO9o| Ao ot 4
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Aoz NOoJ IS %01“‘47} Lot of o] =2 A
= olgdl o] RS AA|staL NOo| Hhge gl
TR SR NO Ael= &, o, T8]ar 2f4eh -2 ozt
=4 eItk A 0“171% ), ol= olg=e] TS
2313t o 2 o] 20Xyl B E tHEum et al., 2009b;
Ku et al., 2000).
5 FE2 200Ul L NO A2]7oflA] ez to] us] 2uj
o] HWQItKTable 1). NO A7tz A4 129704 A% =
7] BHES AT B3} ATk NOE Rl
Ao SHIEsL e 7 A2 ol olejet 4 uEo)
BRE AJZF ol ALE Y2 47 Skl S slA
Ik g A o)A mlo]=EEole} 2 A U] 4]
W= F&S 7|2 =1, cytochrome oxidase2} ublqumone-
cytochrome b |04 A2} AFS Asetozn 535
AAA 7= Aoz U A ki Borutaité and Brown, 1996;
Laxalt et al., 1997).
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Table 1. Respiration rate of ‘Hayward’ kiwifruit treated with
or without 200 pL-L™" NO during storage at 20°C after 1
month storage at 1°C.

Respiration rate (mL-kg'-h™)

Treatment

7 day 12 day
Control 12.89 & 13.59 a
200 pL-L* NO 572 b 5.69 b

“Mean separation within columns by Duncan’s multiple range
test at p = 0.05.

A, ZAA 669

< o83t AAEth 2 Ao o]&H FE+ 100,
200, 18] 3 500uL-L" NOo|t}. 2= NOE A 2|34
2 2Ny HEHHE FoIth Noi= NO A 2] A] i Y5
o] 4tE AABH] flaA AEEleH, NOY 525 &
f‘g 49 712 Z|AHR o] &= STt whaba] TH 9] %%71
Aol NO2| 2h8-914] o H N 2] 28145 E}ls}
71 QlelA 2 285kt

A% 717k AA FA MakE AwrE 100pL-LT NO
Aol A A £Ao] 7 wWkow, tixael thE &
T2] NO Az]tol| A= Zrago] vssoitt. ol 74
&2 Ui AgE AlRelE tha Zfol7t 9lou, A% 717t
o] A4E HAoA 41 Fiko] AsHA dojdths A&
HolFa qlek(Fig. 3). 7]& A-tollAl dol&-Eol NO Az
Al SEEAS 290tk Huvt Qe ol 24 NO9j
oA T, A, T Y BE dellzbEolA] SAR
29 AaAH 7] W Eo]thKu et al., 2000). Al 2}
%oﬂ;ﬂ XDHFQ oz otx%o] 5\_/\].9_ igﬁg- HLH_C‘I_}: o}q/]g]_ QJJ‘:]_
T} Gl £AS oA BR FAATE YEE=
A|EZ o]-GFTtHAdel, 2002). Yo 2tE-2 #7770l
S HA ST FARRREo QJafA] SrEiAlo] WA E =],
etz o g 7] QatAl2 =8} A] FA2] 4-5%2] FAlEA 0]
QJoubH A|E-go] Wit 7SItk Burdon et al., 2014).
H|E 7]19atal o] & 22w 3] 0°Cof|A] Al ot
7] $18ll PE Jé%ﬁi xAFsto] AAstol e 4 EEA2 A
o] YA EI ) Burdon et al.(2014)9] A+
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Fig. 3. Changes in weight loss of ‘Hayward’ kiwifruit treated
with or without N, 100, 200, or 500 |VLL-L'1 NO during
storage at 20°C after 3 month storage at 1°C. Bars indicate
the standard errors of the means (n = 5).
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ogdl YAEL vlmal] B 279} 100uL L' NOJ
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Fig. 5. Changes in firmness of ‘Hayward’ kiwifruit treated with or without Ny, 100, 200, or 500 uL-L" NO during storage
at 20°C after 3 month storage at 1°C. Bars indicate the standard errors of the means (n = 5).
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500uL-L" NO HgF= 323 gAas 2o 99 ) Fof
L o ze} ul2edt oS Bk WhH 200ul LT NO A
2T 9WAA] SN o[4S FAXHT

719 S Aske s¢t == AR Heldsle A
vl aso|¥ © 2 Botrytis cinerea®l] 2|34 oF7] = tHBatta,
2007; Bautista-Banos et al., 1997). 7|2 2 HE] |5}
o] woF=l Botrytis cinerea®l 217 NOS A &3t Ay}
F 290 AT b RO N, Aol BsH NO
AE)ate FFo] Walo] Ak Table 2). FA 1= 1Y
A3t ol = 2em7HA] colony7} # 2 ¥k, 200uL-L" NOL}
500uL-L" NOOJA= ZH2F 1.2, 1.1em7H4] A&s1ct 32
Az} ol tjzTol A colonye] 271 7P ZA, he
Aol Fo A Zpol= Holx| gigtrh & A¥e] Ay
NO Xialoﬂ oA J—JJ’OH A EOE] 4= Stk

Reactive oxygen spemes(ROS)Q} AL A EA
2E SEARA doju= Yol thigt il
o], o]u] NO7} 23} signaling molecule =2 Z-8-5cH(Beligni
2002). kA el ROSSH TH7FA 2 NOL 7h2.9]
o salicylic acid(SA)2] &2 §=35}3. SAE ROS, H)O,,
:LFJEl, NO2| AL o}7|A|7It} o]F 3t Z8-e Too] S

22 BTt Ao et A=A Wol 7]AemA
83t 9 33k NO, SA, 1831 ROSO| T thE
o5k2 hypersensitivity reaction} B | FAo 2 =
o= #kgolc}. 3] ROSSF SAL NOO| eJshH AuiA] &
7} oF7] B =1, Pseudomonas syringae= Z+E % soybean
suspension A|3Zo]|A] hypersensitive cell death”} 781 th=
AL A7F Bl E tHDelledonne et al., 1998; Klessig et al.,

Hﬁnﬁr

et al.,

o{NL

Table 2. Growth of fungal colony (Botrytis cinerea) of ‘Hayward’
kiwifruit treated with or without N, 200, or 500 uL-L'1
NO during storage at 20°C after 3 month storage at 1°C.

Diameter of fungal colony (cm)

Treatment

1 day 2 day 3 day
Control 1.8 a* 51 a 7.0 a
N, 1.5 ab 4.7 a 6.2 a
200 uL-L'1 NO 1.2 b 42 b 6.2 a
500 pL-L" NO 11b 42 b 6.0 a

“Mean separation within columns by Duncan’s multiple range
test at p = 0.05.
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