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Development of technology in keeping
quality of postharvest agricultural produce
using nitrous oxide and nitric oxide gas
treatments
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SUMMARY -1

Establishment of optimal conditions of domestic vegetables for keeping
quality using N20 and NO treatments

There are a lot of consumers who are interested in their health and the
functional effects of vegetables, as well as they have expected the freshness
and the high quality of vegetables in these days. Recently there has been a
great interest in the potential benefits of using nitrous oxide (N:O) or nitric
oxide (NO) gases for keeping quality of vegetables after harvest. The
shelf-life of agricultural produce can be extended by reducing the
concentration of ethylene. It has been reported that NoO and NO gases are the
anti—ethylene compounds. The objective of this study was to establish optimal
conditions for keeping quality of vegetables during storage and distribution
using N2O and NO treatments. Therefore, this experiment was examined the

beneficial effect of NoO and NO on quality of some vegetables during storage.

1. Effect of nitrous oxide (N2O) on quality of onion, mushroom, broccoli
and lettuce

It was reported N2O has shown a significant anti—ethylene activity by
extending the lag phase of ethylene production in fruit but the there are a

few reports about application of N2O in vegetables.

This experiment was investigated to maintain high quality of some vegetables
which were popular in Korea market, using N2O treatment. The N:O 60% +
O3 40% and 80% + O 20%) treatments for 12 hours were effective to prolong
the shelf life of onion, mushroom, broccoli and lettuce. N2O treatment
prevented weigh loss of vegetables used. Respiration rate was inhibited by
N2O treatment in vegetables. There were no significant differences in total

chlorophyll contents in broccoli and lettuce.

2. Effect of nitrous oxide (NO) on quality of onion, mushroom, broccoli
and lettuce



It was reported that nitric oxide gas appears to be a natural plant growth
regulator.

This experiment was investigated to maintain high quality of onion,
mushroom, broccoli and lettuce using NO treatment. Various NO concentration
were applied to find out the optimal concentration that is able to keep high
quality in each vegetables used in this study. The NO 100ppm and NO
1000ppm for onions, NO 100ppm for mushrooms, NO 1000ppm for broccolis
and NO 50ppm for lettuces were desirable conditions for extending shelf life.
NO treatment prevented weigh loss of samples. Respiration rate was inhibited
by NO treatment in vegetables. Ascorbic acid content of samples might
independent of NO concentration. There were no significant differences in total

chlorophyll contents in broccoli and lettuce.

It was not enough to examine the mechanism how ethylene was inhibited by
N2O and NO in this study. However application of N2O and NO which are
potential gases to control the postharvest decay of agricultural produce, can
extend the shelf-life of some vegetables. It can be useful treatments to

maintain high quality during storage and distribution of agricultural produce.
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SUMMARY - 2

Responses of strawberry, kiwifruit and peach to

nitrous oxide or nitric oxide after harvest

Postharvest senescence is a major limitation to the marketing of many
species of horticultural crops, and considerable effort has been devoted to
developing postharvest treatments to extend the marketing period. The
postharvest life can be extended by reducing respiration rate and by
minimizing the concentration of ethylene in the atmosphere around fruit. The
objective of this study was to evaluate the responses of strawberry, kiwifruit

and peach to nitrous oxide (N2O) or nitric oxide (NO).

1. Effect of nitrous oxide (N2O0) on the postharvest life of peach,

strawberry and kiwifruit

This experiment was conducted to find out the effects and mode of action
of nitrous oxide (N2O) on the quality of peach, strawberry and kiwifruit. The
treatment of 80% N2O for 48 h at 4C was most effective to prolong the shelf
life of peach, strawberry and kiwifruit. NoO was dose and time dependent but
the treatment of 90% N-2O had negative effects on the weight loss and taste
because of anaerobic fermentation. No significant difference was noted on
soluble sugar contents and firmness. However, N3O maintained good
appearance of fruits longer compared to the control. Effect of N:O on
inhibition of browning and rotting was also investigated. In result, N2O largely
inhibited the development of browning of artificially wounded fruits. Botrytis
cinerea was isolated from peach and strawberry fruits and directly exposed to
N2O and cultured at 20C. The growth of fungi was inhibited 80% of control
during 12 days. It seemed that N2O directly affected the growth of B. cinerea.
Our results showed that N2O could extend the shelf life of peach, strawberry

and kiwifruit through the inhibition of browning and rotting during storage.

-11 -



2. Effect of nitric oxide (NO) on the postharvest life of peach,

strawberry and kiwifruit

In peaches (Prunus persica), the objectives of the study were to evaluate
the effects of NO on 'Changbang Josaeng’ and 'Mibaekdo’ peach quality after
storage, and to investigate the efficacy of NO treatments according to harvest
period in 'Mibaekdo’ peach. After or before 7 days storage at OC, 'Chanbang
Josaeng’ and 'Mibaekdo’ peachs were treated with 100 pl 1" NO for 5 hr,
then stored at 18C. In 'Changbang’ peach, there were no significant effects of
NO on weight loss, firmness and ethylene production. However, NO treatment
before OC storage was effective on quality. In 'Mibaekdo’ peach, exogenous
application of NO could reduce the weight loss. It is explained that NO could
then stimulate horticultural produce to act in a way that reduces transpiration.
NO treatment in 'Mibaekdo’ improved firmness and color retention. According
to harvest period, especially early harvested fruits had effects on carbondioxide
prodution, ethylene production and color retention rather than moderately
harvested fruits. Overall, the results indicate that NO has tremendous potential
for maintaining peach, especially 'Mibaekdo’, quality during storage, but its
efficacy can be affected by treatment concentration as well as by peach
cultivar.

Kiwifruit (Actinidia deliciosa (A Chev) Liang et Ferguson cv Hayward) was
harvested at the mature stage and stored at 0C. After 1 month or 3 months
of cold storage, fruits were treated with NO at concentrations of 100, 200, or
500 ul 1" NO for 5 hr under oxygen free atmosphere, respectively. Treated
fruits were transferred to 18C to investigate physiology and quality
characteristics during shop holding periods. Ripening of fruits treated with NO
was delayed not only ethylene production but also softening in all
experiments. The colony diameter of fungi of 200 ul 1" NO treatment was
smaller than control and 500 pl 1! NO. The best concentration of NO for
postharvest quality maintenance is 200 pl 1" NO. NO application 1s more
beneficial for fruits stored for 1 month than those stored for 3 months. The
use of NO is a method to extend postharvest life as an inhibitor of ethylene

production in kiwifruit.

-12 -



NO was tested of its potential to control the postharvest quality of 'Yukbo’
strawberry (Fragaria ananassa Duch.) fruit. 'Yukbo’ strawberries were
exposed to 0, 50, 100, 200 and 500 pl 1" NO at 15C in air, then stored at 1
8C. Strawberry quality declines rapidly after storage. The treatment of 200 pl
1" NO results in reduced respiration rate and ethylene production. These
physiological responses affect fruit quality including firmness, weight loss, and
senescent decay. The treated fruit showed higher firmness and lower weight
loss and senescent decay than the control. The treatment of 200 ul 1 NO
protect the calyx tissue during storage. At higher NO concentration the
extension in postharvest life was not as great. Strawberries fumigated with
500 ul 1" NO showed no significant increase in postharvest life. The factor
limiting postharvest life at 500 pl 1" NO was development of browning around
the calyx. Fruit treated with 200 pl 1" NO had a 5-day shelf-life compared
with 2 days for 50, 500 ul 1" NO and control, respectively, and 3 days for
fruit treated with 100 pl 1! NO. Fruit treated with 500 pl 1' NO were
commercially unacceptable. Application of NO at suitable concentrations could
extend shelf-life, by enhancing marketing and consumer expectations without

compromising strawberry quality.

_13_
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o] FAAS WA7|% MR AT Yoz 1) Ha waEo] ud Nitrous Oxide
N20)9] A fra =1 g4, 2) Ag sAHE] 9g Nitric Oxide(NO)2] # 4]

a2 271 g4, 3) NoO 2 NO$} ethylene?] 2o st 7|2 +9, 2 o]& o]
&5 DA B A FEdAdAE A8 HA 2Agds 98 dE 3T
o Fgojth A= Fulidt Fo A 9 ALAFE YR FH4AE a9l
o] Foelo R ethylened F53HaL, NoO 2 NO9 anti-ethyelene activityell £
focus® Fa AFHHEE AFESAtE Ethylene2 EE A EolA AdAow YitH
= 3283 e growth regulatore]t}. Ethylene2 Fx}%o}l (seed

germination)o A H-8 =3} (senescence)ol] °]Z7|7}A 0.01 pl/liter®t 22 A &
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& LByt A gt vt Climacteric 3} 7ol
S FE3A P, 33 F Y non-climacteric ¥} ol QlojA =
TFHES dS5A7IE 2R84 98 s A 7 F 2
22 WA "GPE ethylene, == T Y3 AFFEHZ 93] ethylenesZ
g FAAS A w=F:Ho] Ark. & AFelA FFsE N0 H
anti-ethylene #F-go] 3t 79SS 93t ethylene A9 H=2+= Fig. 13 Zt}.

CH,—S —CH,—CH CHf coo”
(Methionine)
PP, + P, q

zg%*r
@) moo ok o
oo ooty @

CH,— s — CH,—CH —CH— coo™ CH;— S — Ribose
Adenoslne NH3
(SAM) I/—‘ Adenine
Polyamines CH,— S — Adenosine
Limiting reaction in the pathway
Fruit ripening »
Flower senescence
Promote Indole-3-acetic acid AVG Inhibit
ethylene —»- Physical wounding AOA ethylene
biosynthesis Chilling injury Rhizobitoxine biosynthesis
Drought stress
Flooding

ACC Synthase

+

HZ(‘Z\ _NH Hz(‘}\ _NH—CO —CH,— CcoOo
c c
. .
H,c” Scoo H,c” Scoo
(ACC) (M-ACC)

02

ACC oxidase
(Ethylene forming enzyme)

Anaerobiosis
Promote Lg:fg’;:{):sas Inhibit
ethylene ——» Ripening —» " ethylene
biosynthesis Tempe:_'ature > 3524 biosynthesis
Free radical scavenger

CH,=—CH,,
Ethylene

Fig. 1 Ethylene biosynthesis and its regulation (Modified from Yang 1985,
Taiz and Zeiger, 1991).
N.O+ ethylene production®] lag phase® %47 anti-ethylene activityZ U}
Bl Aoz 48 A At} (Gouble et al, 1995). 121} o}z 7} FAHEC o &)
om FeY = ZEst=Ad dsiAes B A5 28 FE i Ak NOo| g
anti—ethylene activity:= Leshem and Haramaty (1996)¢] ¢Js] NOE H7}3l&
] ethylene A2ko] AA3 ZAEE A4S Haste]l NOY etylene inhibition
1“101] s} B auslgct. o] A¥E pea foliageo] W3k Aoz EAAHQ HAE
Aol gk AR ALE ofF BauEA i vk NOo| 44 == Fig 2%
=3

m\;J

_20_



N4 N4
‘C o}
NH N‘H
| |
(‘IH2 CH,
\
CH, NITRIC OXIDE CH, +
‘ SYNTHASE ‘
CH, w @;/ > CH,
o 6 3 o
I~
H,N COOH H,N COOH
L-arginine L-citrulline

Fig. 2 Mode of Nitric Oxide synthesis (Adapted from Leshem and Wills,
1998).

kA 2 AFolAE IuUlhl 8 FAES g e® NoO 2 NO gas formo 2
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AlZH)oll A fumigation 8] & 20 % 4Tol| #733}<]
2 FAEe FZ  (appearance, texture, flavor
nutrition %2 factorsoll W3+ physicochemical methods
2 sensory evaluations 2A)S LA 770E 1Y/
20C, 3-4¥9/4C)=2 ZA}sh

- BE Ay Aol dig, CO, 2 0.5 4% 713t
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o] 1 W3} patterns ZAFS.
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time W9 24 F A3 e HAE SFHE
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1000-10,000 ppm) % AJZF (05, 1, 2, 4, 8 12 % 24
AlZHoll Al fumigation Al F F&olA  24A%F
A kel Al o F4

A HY AAS

>IE
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pulse treatment3 %

< XA
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3t 71z (19/ 20T, 3-49/4TC)2 A& &
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H 2% e 7[se sg
Al 1d slzlsNE 48

N:O 3 NOol| that A7 SufellA o] - eFsHofol A Aol ek w4l

o] o] AL #AF Ax AEA 7S Akl Aok AT (o FAF
2ol HER FglAl)e] g A5 FastaL O‘E} 181\4 FhE I B
A de 2iEa A Fn de . &
ol w4 A=l Hste] wig G5¥E HS
AertEe] a5 Aer)Ee] N 2
R

Al 24 werleNed R

Y ARTAAE A FAER el 8 5 EAS Sl AFES
A7 skl FakEe] AH, 2 B F, 2a #ddVES A ke
W, AZolvt & T FHA= A FEES Fol7] HAste] ugd setefAE
A - Abgske] gkoh ey #H< 0] WHO/FAO 3! EU =7k SolA QIzF 3
#4454 LAR AAF olg A Eel i FAEA R AFEARES shal 9l
o, ol 3teAIAE wiAlste]l &G Aol QA F=A4% Aoz dAAT=
ATEe] 3 AP Tl dvk 2 HFEA] A2 NoO 3 NO gass & 5 U
o, o] ool thair = ol gtE okl A MA AL ofFolH e H 5o 4

o A&A7I#E = 2ol ATk

N:OE FHEe EAlste a7 gda Ao os) Adxo=z 3
atmospheric gasZ 2 stol X &= & % w3 EXH o2 A&H 3 Q) AEAU
o] NoO Wi Ao oigh A4+ Hag uirh gloy, oF4dox NOE A3
< W AgrEel dFH= AoE dHA Adnk NoO=
E AFAA 799492 anti-ethylene activityS YEFHZ o I 2 234 Ak
ol i A&z A= Ao (= Aotk 20019 o] ¢
T, HEmsAd A ATE AA7|L = Aom defA Uk
NO+ 1981d %% (mammalian) tA} (metabolism)<] 5

ol g, 1990\ o] % <I1A|e] A= eF <l WA Fp FHEE=
dEo] 7|zt oFel A &ue AT7F FaA o gkl oAl Hol A= A
o w3t Ao] FHE F AAY e A H Ao thgk AF# < NO A

J
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1= o] gt A= 9 Fofrtt 10d FH<Ql 2000 e EofA] o]~
gt o] 338t} Professor Ya'acov Y. Leshem (Bar-Ilan University)ol <3 <=3
Hol 11 fFEAdol dSHE o dditEs e E g thdst A5l o)A |
FE 7] A FEAT. 559 338+ Profeesor Ron Wills®t Dr. Vivian Kud ¢
T A o3t strawberry (FF°| wgl thE)+ 10 ppm, broccolit= 4,000
ppm, ZZ2]3 white carnatione 1 ppm fumigation treatmentol] 23] A% 44
Adadrt RuEa ok 3 2 Al HFE 7 AbErit AR 540
et 1 Bl diside APl web HA 3ol vhE2rh ofF o] oo
ATe AAFeRZ 712dAdd 7] wiel] B AFAE] A w=Ho] g
=g
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B oA AE SR A4 L REAG FAE AFHUA Az f-3)
4 gron, #7 SHEAE opIsA @i £3 ¥ we /&S AR 9
2 o], B 2

N-O A g ¢ NO A&
2 3EY. AF N0 =% NO 0%+0. 100%, N.O 20%+0; 80%, N0
40%+02 60%, N2O 60%+02 40%, N2O 80%+02 20%, NO 100%+0; 0% 67} =
]-M_Jt] fumigation time2 30, 1A|7F, 2A17F, 4A1ZF, 8AIZE, 12A1%F, 24A17EC

= 3tk NO Ag= £3dxAE S8 FastvL AAAE s=5 77 A3
A =d YIke] 49 NO Oppm, NO 100ppm, NO 500ppm, NO 1000ppm 47}%]
2 3y, ¥Eole A$ NO Oppm, NO 10ppm, NO 50ppm, NO 100ppm 47}
A2 e BaAde 49 NO Oppm, NO 1000ppm, NO 2000ppm, NO
3000ppme.2 st FAA9 A NO Oppm, NO 5ppm, NO 50ppm, NO
100ppme. & 3+ ¥ fumigation times 1A]7F, 2417k 4A]Zto 2 A A ST 9
g zHoE ALY F TF HEE, AL #5HVF 5o FARE &

o
=4S T3l AHY N0 NO9 ¢ 248 AATE 5= AUt
7k 1A A 0 FAAEC e N0 A fFExd &9

) AZA=S

2 A ALSH G (HRE, bkgd) e A FbalA, &Fol(Agaricus bisporus
2kg A= FH Fold A, BEAY(TAAE bl 8kgd A AFE A
Farol A, FFA AHFEHIE) 10kg 2+ A shsolA ik AS TFEbA A
AN Fhste] AFE-SEATH

2) N2O 7t& A9 2 AR

Gyl FFo], BRAY a1 A= 44 NoO FE=(Air, No0 0%+02 1009,
N20 20%+02 80%, N20 40%+02 60%, N20 60%+02 40%, N20 80%+02 20%, N20
100%+02 0%)%} AlZHB0E, 1AIZE, 2A1%F, 4A1ZE, 8AIZE, 12A1%F, 244170l uhef
lem F719 ofmAAAH(33cmx33cmx38cm)oll Wil WE3sle] 7haAEE 3 &
20C Aol AgstAA FAWstE #EEd

N2O gas 2] A| flushing time t59 218 o] &3t ALstS
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Flushing time (min) = Desired concentration X volumeofcontainer (L)
N2 Oflow rate(L/min) X< standard N2 O concentration

NoO gas AH# & Figlol Z#HA npel Zo] NoO gas® fumigationsdt”] Aol
nitrogen gas® A% &7]Z flushingd % set upd H%¢ N:OE injectdlo] =

gl skait.

Nitrogen
gas

NO gas

NO
injection
port

Nitrogen
inlet

Nitrogen
outlet

(b)
(a)

NO gas
injection

Nitrogen

inlet Nitrogen

outlet

(c)

Fig. 1. Apparatus for fumigation produce with N-O gas. (a) Place produce in
container, replace oxygen with nitrogen and seal. (b) Flush container with N-O
gas directly or (c) inject NoO through the injection port (Adapted from Ku
and Wills, 2000).

3) vd=d FESAH A
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71 &3}
7k AE 3 20T 6047 AFshHaA 59 tA 02 Wol gy Hi&S ZAMS
o] A3%3 N0 %9 fumigation A|7HS A48l oh.

W) FFol

bz Hel F 20T AgstuA 29 Ao FAEHS 2ASA

FU & (weight loss %)= FFol 105 el @92 Hil 2EREE
HAlel "ol A% stiA A & FAS SAst] 27 S A AF A=

ARtsk St

Ll
v
oo
1>
i)
i
2 o

W w2
W1

(2) MZ== YdFol 1079 #e TUHF9E  chromameter CR200 (Minolta,
g 3l CIE L, a, b#ts 54 & x7] Axd gis A% o A=

Japan) & ©| &
WHsle] g dolr 7] $13) ol 4& o] &3} total color difference (AE)Z
YR LT}

Total color difference (AE)=[(L-Z7]XL3H)*+(a-27]Hazh)*+(b-271xb 74"

rir

(3) Cap opening : 4% WAl = XE7 F= A T 29 Md A=
Guthrie®] £ %=X (Table D& 7|22 10719 HAS AT

Tablel. Classification of stages in sporophore development

Stage Description

Veil intact (tight)

Veil intact (stretched)

Veil partially broken (<half)
Veil partially broken (>half)
Veil completely broken

Cap open, gills well exposed

N O O & W N+~

Cap open, gill surface flat

th) B249

b AP F 20T 697 AgeHA 29 Ao FASHL =S,
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(1) THFFE&(weight loss %) A & FAE SHste] 7] T3l W3 7+
F AEE o2 o] ALt

Wl— W2

THEHAEE (%) = TXIOO (W1 : 571%‘%, W2 @ A & FH)
(2) A& 7} AeatE =R g A 57 B2dele] 4ol s 1 W
3} A%EZ chromameter CR200 (Minolta, Japan)Z ©]&3 o] CIE L, a, b#t<

il
1

27] Aol W A% Tof M Wt Hio ol® 7] 913 o}z
o] 218 o]&3}o] total color difference (AE)Z YER AT
Total color difference (AE)=[(L-Z% 7] 2L+ (a-%7] X agh)* (b-%7] 2 bzb)* "

) FEA

b A F 20T 827 AFHUA 29 HHoR FARAL 2ARA

O

sugns o) - A= W2 100 (Wi 2AEE W2 A% T 29

w1

(2) dAxe] ®W Al (surface color)S  z+ g = vy AT 5709 FAF
5

Ao 44 Aol &l 2 W3t =E chromameter CR200 (Minolta, Japan)
& o|&s3te] CIE L, a bats SAHS § =7 Ao digt A% o Ax 9
o] AEE Yolr 7] 93l olze] 28 o] &3lo] total color difference (AE)=
ERu vt

Total color difference (AE)=[(L-Z7]XIL3h)* (a-%7] Xagh)™+(b-Z 7] X bab)*1"2
. 22 438 : FAEE N0 ethylene 2-&9) dig 713 +9
1) &=t
7hH AdA=
E oAdgo] ALEH FI(EH, 10kg®W)E A FotolA 2003 Aul = o Ziixi
Fa(0~-0.6T)ellA 670L7F A% g Sdsdds2de T3 FYs

o AL AAYE B Bokel APok HEHAGAL 2R AE A
73, el 350-430g WA AL Aol AHgSHAL
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W) N2O 7t AHg € AX

12 AddS Fs AA H NO TE=MN0 60%+02 40%, N-0 80%+0. 20%)<}
fumigation A1ZF(12A17H)o] wek lem F719] o} 2 E A& (33cm*33cmx38cm) ol %
%Et31%%4ﬁ7k:ﬂﬂ§~§2mw+mwﬂﬂ%ﬂ@ﬁzmt%lwgﬂa
o7 4TE 16 A= F4d SAS AT diz7EE N0 Al
air FE A of A &7] 1247k %‘3} A% Age s AFEskATh

o) EFEAAXRAL
(1) THFIFE&(weight loss %) A & FAE HHsle] 7] T3l W3 7+
F AEE o327 o] ALt

FAREE (%) - Wlw_/—lmxmo (W1: 271%% W2 A% F 29
2) A= =HL& A 3mme ©Ho] H&H rheometer (Sun Rheo Meter Model

CR- 100D Sun scientific Co., Ltd. Japan)& ©] &3} hardnessE& A3ttt Z+
Zkel A oAl AlmE A thd o] AAESE A A platedlo SElFiL
2ol 60mm/me £EZ BHS E3 Sz v 295 E 4EH S kg/om’Z
ER] A T

(3) &% (respiration rate) ZA}
1L 382AH g7 495 do] AF 259 20T 4ToA 1A7ksor L&3

ol

F 871 Wil 245 7h~E ImL gas-tight syringe®2 ¥o} CO& 438}
Atk GCHP 5890 series, USA)°] 4 =72 detector: TCD, column:
GS-Q(30mx0.53mm ID, J&W Scientific, USA), oven temp.. 30T, injector
temp.: 250C, detector temp.: 250°C, split ratio: 1:10, carrier gas: He(mL/min)®]
=3

(@) g 24

B & A A 9 ok
S 4ToA 15000rpmo-2 2287+ 94 %235}

im PVDF syringe filter® o] 3}3F 3

T 10ge #Hst THF4 30mLzE 8435k A
. ASHE sep-pak C18F 0.45

(5) F71AF BA

ok,L]- 3 e B @ vpa sk
S 4ColA 15000rpm o2 2283 e stadnt. 4%

tm PVDF syringe filter® o] #}gk $-

F 10gs FHslel TFF 30mL=E 43 3
o2 sep-pak C187 0.45



(6) 1-Aminocyclopropane—-1-carboxylic acid (ACC) oxidase activity =74

3mm FA9 A&E Z3 discs 15g< 3t 0.lmM ACC(0.3M Sucrose, pH 5.9)
AmL §Hel 25Tl A4 A3k A8t 8 ACCE FFA17 & FAZIE ImL
7b AES FHdke] discs7h A ACCE HE AAste oddle & GCE #
2391t} Ethylene®241 S 913 GCY =712 99 FUsiuh

(7) 1-Aminocyclopropane-1-carboxylic acid (ACC) content 4]

AR 5ge AAAol B vhAF TE 80% @ 20mLE Wol 4TelA
15,000rpme. 2 153 Y4k /\LEO—'.JE rotory evaporatorg ©|-8 3}
40Co A 2FtEFste] deEes #“”\]7] 2mL= iéo}"% LA AFE3EEA
t}. Lizada®} Yang9] Ho“]'.jgi ACC% ethylene©. & A3A 71 & GCE o] 83149
ZA39 o, AR F ACCY AFS WHEEFEZ HFH -40]- 3 t}. Ethylene
248 93 GCHP5390 series, USA)«] %718 detector: TCD, column: GS-Q
(30m*0.53mm ID, J&W Scientific, USA), oven temp.. 30C, injector temp.. 25

0C, detector temp.: 250C, split ratio: 1:10, carrier gas: He(mL/min)®]t}.

5:

2) FFol

7H AdA=
B Ao A8 dFol(Agaricus bisporus, 227}0])E
4 FEAF 2kg A xS AS A sAdE sl

SA FEolw Al dRxzHo] dEH A Adeta 2] A

T FoolA 2004 5
A FYgstsdoen, 4
£ 4~5cm, =0

W) N2O 7k Ag ¢4 AR

12 AddS Fs AAH H NO TE=MN0 60%+0, 40%, N0 80%+0. 20%)<}
fumigation A]ZF(12A17H)e] Wl 1lem 77419 oFZ = AAH33cmx33cm*38cm)©ll
dkge] FFols ¥ dEato]l 7k A F 20Tk 4Tl AFastwA, 20T <
ACET 29 ptAow 4 EAS ARG T2 N0 Al air 4
glof| A ofa™d &7]e 12A17F &<t HE Age AS AFEsEA
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(2) A% 54L& 27 3mme ¥Ho] #2749 rheometer (Sun Rheo Meter Model
CR-100D, Sun scientific Co., Ltd. Japan)& ©]&3}] hardness& =43ttt 4
Zkol A Frel Al 10709 AlRE FHst platetol &8 ¥l ®3 o] 60mm/me &

=2 ke F4EY FuUS Eu B0z v 2eHE ¢+ES kg/em®E UERNS

(3) M= F4 FFol 1079 3t FLF4H
Japan)E o|&3te] CIE L, a, b#t= =H
H3lo] AEZE dolr ] 98] ofglel 2
2 et

£ chromameter CR200 (Minolta,
@ % 27 Axd g A% o AE
o

o] &3} total color difference (LE)

Total color difference (AE)=[(L-Z7]X|Lab)*+(a-%7] Xazk)* (b-%7] X bah)*1

(4) &% (respiration rate) ZA}
1L 354 87]9 4%50](150gt10)E ¥ AR &5 20T 4T A 1A s
F HE & &7 ol 2AHAZ 7~E ImL gas-tight syringe® %o}

COE ®A3I9 Y. GCHP 5890 series, USA)2] 4 F72 detector: TCD,
column: GS-Q30mx053mm ID, J&W Scientificc USA), oven temp.: 30T,
injector temp.. 250C, detector temp.. 2507C, split ratio: 1:10, carrier gas:
He(mL/min)e°] t}.

B FeEd 4

FEo] 57E w7l ¥a wiAg & 10gS FHe THT 30mLE A A
S 4TCAA 15000rpme 2 2283 Y4 &2 sk *J%“’“% sep—pak C18% 0.45
im PVDF syringe filter® o] 3}3F 3 =

|

(6) 1-Aminocyclopropane-1-carboxylic acid (ACC) oxidase activity =74

3mm FA9 A&E Z3 discs 15g< FH 3t 0.lmM ACC(0.3M Sucrose, pH 5.9)
AmL §-Hel 25Tl A4 A3k HAste] 8 ACCE FFA17 & FAIE ImL
b2 AES FHdke] discs7h 1A ACCE HE AAste oddle 38 GC= #
25t Ethylenet A& 13 GCo =312 919} FLstt

(7) 1-Aminocyclopropane-1-carboxylic acid (ACC) content 4]

A& bgs HAdre] Y v ohF 80% ol 20mLS Ho] 4ToA
15,000rpme. 2 1583 Y478 sd . A5 B2 rotory evaporatorE ©] 8314
40T #gEFHste] odeeEs T2 ¥ 2mlE T35 0}04 LA AFE-3EA
\jr Lizada®} Yang?] WHo = ACCE‘" ethylene2. & A3A|7l & GCE o] &3}
Aatgom, A8 T ACCY A#F2 UHIEFEZD Hadd 4 393 th. Ethylene
s gk GC(HP589O series, USA)2] 712 detector: TCD, column: GS-Q

R
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(30mx0.53mm ID, J&W Scientific, USA), oven temp.: 30T, injector temp.: 25
0C, detector temp.: 250°C, split ratio: 1:10, carrier gas: He(mL/min)®|t}.

3) BEAg

7hH A8AR

B Ao AMg® B 2Z 2 (Brassica oleracea var.italica )& AFEA] 20043
FApel 2T RS AT dHEdPs2H{E S8 s

of Abgstth RS Tl BEZA dR7F gEd AS AdATIL F

gFo] 220-360g M1 s Aol AH&sHAT

4) N2O 7k AHE € AR

120 Ads T3 AF #H NO T=MN0 60%+0, 40%, N0 80%+0. 20%)<}
fumigation A]17F(12A17H)o Wk 1lem F719] o} 2 E A AH(33cm*33cmx38cm)ol] H
248 E Y EEste] 7t HEd = 20T 4T AAFstHA, 20C+= 2¢
FACE, ATE 49 Ao w F4 SAS AEAS dET2E N0 A
Al air el A ol E &) 12413 < HE A AS AFESEA

th FASH A

) T FHEE&(weight loss %) A% § FAE S48kl 271 Tl e 3

13} o] A)akahaeh

o, =
o2l
ki
Ll
o
oo
>

sagns (o) - A= W2 100 (Wi 2AEE W2 A% T 29

w1

(2) A= SAS 4 Agdz v A4 7o By S 4791 s
1 W3 AEE chromameter CR200 (Minolta, Japan)Z ©|&3 o] CIE L, a, b
FS SAY F 27 Axd Oid AR Fof A= Wste] g dotry] 98
olgflo] 2]& o] 434 total color difference (AE)E Y ERH ST

(3) &% (respiration rate) XA}

lem 7419 o3 € 4AH33cmx33cm*x38cm)dll B2 E Yol A %2 20T
o 4TlA 1AZEt Ead & &7 Wil 245 7h=5 1mL gas-tight
syringeZ ol CO.E #4359t GCHP 5890 series, USA)S] ¥4 AL
detector: TCD, column: GS-Q(30mx0.53mm ID, J&W Scientific, USA), oven
temp.: 307C, injector temp.: 250C, detector temp.. 2507C, split ratio: 1:10,
carrier gas: He(mlL/min)©] t}.
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(4) ¥EF C &4

A& 25gS Warring blender® 3%7F vlaf3k & 6%metaphosphric acid 50mlel|
52 F dAeA 15A1F 5] FE3%TE ©]E Whatman Nol o #A| 2 13}
7Fetol 3 & 0.45um PVDF syringe filter2 o] €38Fo] 23 o] #3lo] Alg oS vt
¥ HPLCZ #4354

B 454 4

SAAZE AR 10gS 8% Aceton 50ml Hil WokAolA &5
Whatman No.2 o] 32| 2 o33k & 859% Aceton &0z AF=
100ml volumetric flaskell %713 85% Aceton& NS 7}3to] A&
710l oM 20ml¥} ethyl ether 50mlE E£E5o & F AA 3 &
3k T Ab=zo] Rl JEHE £9L 100ml volumetric flaskel £ 7]
slo] &3 & F= £94S 660nme}t 6425nmol Aol FHES 7t
A 2 2 (Total chlorophyll) %< At&3}% ).

f
£ >
(NI

R
ofr N M & glo ot

o

.

ol I o Hr o
o U do g
2 i

N
J]Nt 2,

(6) 1-Aminocyclopropane—1-carboxylic acid (ACC) oxidase activity =%

3mm 7749 Als %3Z discs 1.5g& #H3ste] 0.1mM ACC(0.3M Sucrose, pH 5.9)
AmL & do] 25T A4 AzE HA|ste] €A ACCE &54121 ¥ FAIZ 1ImL
7F22 AES FHFEo] discs7t YA ACCE FEH AAsIE oEdwle 4s GCE #
ettt Ethylene®X & 913 GCo =12 914 sdstrh

(7) 1-Aminocyclopropane-1-carboxylic acid (ACC) content 2]

Al bge AAEAC ¥ v ohs 80% olEE 20mLES ¥ol 4TelA
15,000rpm . & 15%3F 4l elatdct. 45 HE rotory evaporators ©]-83h<]
A0CANA st deEEds T2A2 F 2mLE 553t Ao ARE3HS
t}. Lizada®} Yang® WHoZ ACCE ethylenelZ A3AIZl T GCE o] &3}
SAsR e, A5 T ACCO AHF2 UFis=2d A 9stdth Ethylene
A8 9% GCHP5890 series, USA)e] A2 detector: TCD, column: GS-Q
(30mx0.53mm ID, J&W Scientific, USA), oven temp.: 30T, injector temp.: 25

0C, detector temp.: 250C, split ratio: 1:10, carrier gas: He(mL/min)®|t}.

4) F&A
7hH A38A s
Ado A9 AR (Lactuca sativa var. capitata)s= 7+

F45 gkg Al TFE AL AgeGth AEAARGL )
SERAY RAF AL AN T FEol 400-800g WS AL AR
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W) N2O 7t AHg € AX

12 AddS Fs AA H NO TE=MN0 60%+02 40%, N-0 80%+0. 20%)<}

fumigation A1ZF(12A17H)o] wek lem F719] o} 2 E A& (33cm*33cmx38cm) ol %

BAE Ha deete] 7ha AEggk & 20T 4T AgstHA], 20CE 2¢ b
Aow ATE 8Y HAor F4d 5485 At dx72= N.O A il

air el A ol ™ &7]ol 12417 &9k Ha A s AS AFE3Th

F R & (weight loss %)& 1’¢ T FAE At 27 TF A 3

FHREE (%) = Wlw_/—lmxwo (W1 @ 27152 W2 :

2
)

T 5T

(2) A= SALS 72 Aed =z vg #AA8e 59 g xe] 4790 s
I W3l AEZE chromameter CR200 (Minolta, Japan)S ©]&3t o] CIE L, a, b
TS ZA8 B 27 AMEo i A Fo| ME Wsle] HLEE dolry] 95
A8 o]-&3}e] total color difference (AE)Z e ST

(3) &% (respiration rate) ZA}

lem 7419 o3 E4AH33cm*33cm*x38cm)ol YA E Ho] AA %20 20T <}
4T A 1A ESE BE5s & &7 ol AR 7=E 1ImL gas-tight
syringe® ol CO.E EAX3th GCHP 5890 series, USA)e] &4 &
detector: TCD, column: GS-Q(30mx0.53mm ID, J&W Scientific, USA), oven
temp.: 307C, injector temp.: 250C, detector temp.. 2507C, split ratio: 1:10,
carrier gas: He(mlL/min)®] t}.

(4) vlE] C &4
A& 25gS Warring blender®2 3+7F vhaflgt & 6%metaphosphric acid 50miell
= OPMM 15A1F &80 FZ33 T ©]E Whatman No.dl #4213

=2l

7o 73 5 0.45um PVDF syringe filterS o] &3}o] 23 o] 3}slo] AJg & wh
£3% HPLCZ ®A4 34

B 452 4

TAAZXS AR 10gS 8% Aceton 50ml ¥ WAoo A &R WA AIZIS

Whatman No.2 o] #A] 2 o33k & 85% Aceton &0z AF= 3
100ml volumetric flaskoll %7]3l 85% Aceton& S 7}5fo] A &3k},
710 o]l 20ml¥} ethyl ether 50mlES &5 HL F AHAA 3 v S
3 & AZzo] el JHEZ 8§98 100ml volumetric flaskel]l %713l oHZE
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sle] 483 & & S48 660nme}t 6425nmel M e FHEE 77t A F
A 2 2 (Total chlorophyll) %S At&3}% ).

(6) 1-Aminocyclopropane—-1-carboxylic acid (ACC) oxidase activity =%

3mm FA9 AE %3 discs 1.5g< #H3ste] 0.1mM ACC(0.3M Sucrose, pH 5.9)
AmL &Hel 25Tl A4 AF HA st 8 ACCE FFA17 & FAIE ImL
722 AES FHFEo] discs7t YA ACCE FEH At oEdwdle 4s GCE #
213}93 k. Ethylene®4] S $13F GCol =712 9 T8t}

(7) 1-Aminocyclopropane-1-carboxylic acid (ACC) content 2]

Als bge HAALo il wHEd ths 80% olEE 20mLe wol 4TelA
15,000rpm .2 1587+ QA # g &tt. A5He rotory evaporator®  ©]-& 3o
A0CoNA s SFHate] deres T F 2mL= iéo}cﬂ B2 AR39
\’/} Lizada®} Yang® WH o2 ACCE ethylenel 2 AZA 7l & GCE o] &34
A3 "]u- = ACCY AHLE YR gs&E4d Az «]O}OjE‘r. Ethylene
TAS 9 GC(HP589O series, USA)2] Z712 detector: TCD, column: GS-Q
(30mx0.53mm ID, J&W Scientific, USA), oven temp.: 30T, injector temp.: 25

0C, detector temp.: 250C, split ratio: 1:10, carrier gas: He(mL/min)®|t}.

EJ

14 49 1 sAEel d# NOo| B4 fE5xD ¥4

1) AdA=s

B g0 Algd s A dgol A, FEols T HEdA, R2AdE A
FE BT A, A (AFREHE, 10kgADE oE@ o Fddoa] Aatw
A& 7 AI Gl sk ALgskdth

2) NO 7} Ag 2 AF

43= NOFEE NO Oppm, NO 100ppm, NO 500ppm, NO 1000ppmSl = &}
fumigation time< 1A|7F 2A17F 4A|7Fe 2 AASA 1, UdFol= NOFEE NO
Oppm, NO 10ppm, NO 50ppm, NO 100ppm 47}A & 3}¢] fumigation time< 1
AlZE, 2A1ZF, AN 2 ARt o B eAdgel 749 NO Oppm, NO 1000ppm,
NO 2000ppm, NO SOOOpmeE'; St FAA9] H-$ NO Oppm, NO 5ppm, NO
50ppm, NO 100ppm<e 2 3+ ¥  fumigation timee ZtzZF1A|7F, 2A]7F, 4A|17FO 2
A5t 1em FA19 o3 AAH33cmx33cm*x38cm)dll ¥ LFste] 7l~A
5 % F 20T A AFetHA s HAE T3 FAWstE Aok

NO gas ##] #] flushing time &9 2S o] &3dfo] A4Hekd
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Desired concentration X volume of container (L)
NOflow rate(L/min) X standard NO concentration

Flushing time (min) =

NO gas AH#+ Fig.lel 283 #vlel o] N,O gas® fumigations}t”] 7ol
nitrogen gas® A% €7]5 flushing?d ¥ set up¥ =92 NOZ injectdto] A

215t

s Ak sdwel Wl 7217 5eAR el 2:olPakath (Gevery good,
4=good, 3=fair, 2=poor, 1=very poor).

2. 22 Ad : FAEE NOS ethylene F&o] g 712 77

1) %3

7H 2d8A=

2 oAgel AHgE Futs Ay FokelA 2006 590l F3E S sk A
28wl Gl %‘%17} SEHAAY B RS MM, Fol
200-330g Mo ASs APl A&

4) NO 7t& A= & A%

12 A¥S S8 A4 ® NO 5=INO 100ppm, NO 1000ppm)2} fumigation A
ZH2AZHel whek 1lem 719 o2 AH(33cm*33cmx38cm)oll F3E Ha B
sho] 7l A e & 20T 4T AAsHA 20C= 209 FH o= 4T= 15
d tAow Fd EAS ZAEAY dEx2TEE NO A2l air el A o}
A &7]o 241 T LE A3 AS AFESA

%%@E%(%A,W%%W?lm (W1 : 2715, W2: A% &
=)
2) A= =HL& A 3mme ©FHo] H&H rheometer (Sun Rheo Meter Model

CR- 100D Sun scientific Co., Ltd. Japan)& ©] &3} hardnessE& A3ttt Z+
zbol A Fol A ARE FHS v S AAS AASIY platedlol &#HEF A
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Ezo] 60mm/me 52 EHS £ S0z uw 28¥E ¢ES kg/em’E U

EFI LT}

b

(3) &% (respiration rate) ZA}

lem F719 o}aZEA4A(33cmx33cm*38cm)dll & ol A =<2 20T
4ToA 1IAzEst D5s & 87 dFd A5 7F~E ImL gas-tight
syringe® ol CO.E ®A35A . GCHP 5890 series, USA)e] ¥4 AL
detector: TCD, column: GS-Q(30mx0.53mm ID, J&W Scientific, USA), oven
temp.: 30C, injector temp.. 250C, detector temp.. 2507C, split ratio: 1:10,
carrier gas: He(mL/min)®] t}.

(4) 1-Aminocyclopropane-1-carboxylic acid (ACC) oxidase activity =%

3mm 7749 Al&® %£3F discs 1.5g& #H3ste] 0.1mM ACC(0.3M Sucrose, pH 5.9)
AmL &l 25Tl A4 A7F A ke QA ACCE FFA12 & FAIE ImL
b2 AES FHohe dises7F YA ACCE HE A= oEdle 4& GCE #
213}99 ). Ethylene®4 S $13F GCol =712 9 T8t}

(5) 1-Aminocyclopropane-1-carboxylic acid (ACC) content 2]

AR 5ge AA AL Wi mpag v 80% olE®E 20mLS ¥o] 4TelA
15,000rpm o & 1583t A4 ®elstslrh. 45 A4S rotory evaporatorg ©]§-3ho]
40CelA tssste] der2s SEAZ F dmLz F5ste] 4ol ALg-shsl
t}. Lizada ¢ Yang9 o2 ACCE ethyleneo® HZAZ & GCE o] &3}
o FAs9oH, Al T ACCY AZFS UFxET=d dFHd ostd
Ethylene®41S 93 GC(HP5890 series, USA)¢ ZAL detector: TCD, column:
GS-Q (30mx0.53mm ID, J&W Scientific, USA), oven temp.. 30TC, injector
temp.: 250C, detector temp.: 250°C, split ratio: 1:10, carrier gas: He(mlL/min)®]
t}.

o
N o

2) FFol

7H AdA=

BoAdo AbgE %S0 (Agaricus bisporus)E F9 FololA 20059 39

116‘ 2kg )\Lx} ] ;ﬁ_?é}ﬁ 34\0 /&Hi%hsaEJ_ﬁu ]1 % }oﬂ otq ;.01 Z/\] 3
7k 9]

A& 4~5cm, S #o] 30g+hg

U) NO 7t~ A € A%
12 A8S 8 44 @ NO 5E=(NO 10ppm, NO 100ppm) e} fumigation A]7H(1
Alzhel Wl lem FA19 ol =ZEAAH33cmx33cmx38cm)ell UFolE Y HE
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St 7l AHE e & 20T 9 4T AFSHEA, 20C+= 29, 4T+ 49 HF02
4 548 éx}aam. Wz TF2E NO ALl air AEoIA of2d &6 1
AZE B MR A F AL ALEs

o) FFAEAZ XA
(1) #5 A= 9ol g8 22 sdAR viro] 2308 ste] (5=very good,
4=good, 3=fair, 2=poor, 1=very poor) 3(=fair)¢] ¥ A|H7IAE HFE 7IX7F A

t}a #t}sle] Storage life® 7531 o).

(2) $EIFFO)E 105C FGHAAZES ol gakel T3t o] Aargitt.

W, — W.
Ag Fo] FRET (%) = — 2 %100
] T’] T 3 (%) .[/VI_WOX
(Wo = Aol EA W, @ Alget AFde FA We @ 12 T A5t A3y

(3) A= 4L 27 3mme ©Ho] 249 rheometer (Sun Rheo Meter Model
CR- lOOD Sun scientific Co., Ltd. Japan)Z ©]-&3}] hardness® A3t} 7}
zhol Aol A 1071 A& FHste] plate?lol &8 ¥ ©F o] 60mm/me <
=2 ke F4EY ¥uUS Eu B0z v 2eHE ¢ES kg/em®E UERNS
=3

£ chromameter CR200 (Minolta,
@ ¥ 27 Anel da A% Fo A%
o

o] &3} total color difference (LE)

4) M= 4L FFol 10/ 2te] T4H4
Japan)E o|&3te] CIE L, a, b#ts A
H3lo] AEZE dolr ] 98] ofglel 2
2 YeEh o

Total color difference (AE)=[(L-Z7]X|Lab)*+(a-%7] Xazk)* (b-%7] X bah)*1

(5) &% (respiration rate) ZA}
IL &53A 870 $50](150gH)E ¥ol A 222 20T 4TolA 145
oF A3 T &7 WHeo| ZAFHAZ 7FAE 1mL gas-tight syringeZ ¥}

COE EA3I9 Y. GCHP 5890 series, USA)2] 4 Z72 detector: TCD,
column: GS-Q30mx053mm ID, J&W Scientificc USA), oven temp.: 30T,
injector temp.. 250C, detector temp.. 250C, split ratio: 1:10, carrier gas:
He(mL/min)e°] t}.

(6) 1-Aminocyclopropane-1-carboxylic acid (ACC) oxidase activity =%
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3mm 779 Als %3Z discs 1.5g& #H3ste] 0.1mM ACC(0.3M Sucrose, pH 5.9)
AmL &Hel 25Tl A4 AF HA k] A8 ACCE FFA17 & FAIE ImL
b2 AEZES FHalo] discs7F A ACCE FE AAsE odde] 4s GCE #
213}99 ). Ethylene®4] S $13F GCol =712 9 T8}

(7) 1-Aminocyclopropane-1-carboxylic acid (ACC) content 2]

Als 5gs HA Ao Ha mpd ts 80% ek 20mLS Ho] 4TelA
15,000rpm o & 1583t A4 el stslrh. 45 HE rotory evaporatorg ©]§-3ho]
40°C ol A 710&26}0% s A F dmL=E lczo}oq B2 AR39
t}. Lizada$®} Yang® WH o2 ACCE ethyleneo & ASA|7] F GCE o] &3}
SAsA o, NE F ACC«] e Wirxes=d g3l o3ttt Ethylene
4S8 93 GCHP5390 series, USA)9] %L detector: TCD, column: GS-Q
(SOmXO.SBmm ID, J&W Scientific, USA), oven temp.: 30TC, injector temp.: 25

0C, detector temp.: 250C, split ratio: 1:10, carrier gas: He(mL/min)®|t}.

3) BEAg

7H A3A=

¥ Aol AMg® B2 (Brassica oleracea var.italica )= ©1& A 20051 5
4 FFA45 8kg Al I AL FAste] AEAAES T 2l dF
7b dhEE A2 A7) FEFo] 130-240g H 1ol A Al A&

W) NO 7t~ A 2 AF

12 A8 E8) 44 " NO 5%(NO 1000ppm, NO 2000ppm)e} fumigation A

ZH4A ZH) ol e 1em ‘7:‘771]9] o} 2 H 4 AH33cm*33cmx38cm)o] BERAFE Y1
WBslo] 7k AHEE & 20T 9 4T AFsHEA, 20C= 2¢ HFo = 4TCE

74 AR F4A 54E A Y 2T EE NO A=Al air AEjel A of

Ad 7] 4A7F T dE A AS AFESHA T

kv

) FEEAAZAL

(D 5 Ak ool hsl 27 seA2 tire] 2meYstel (G-very sood
4:g00d, S:fair, 2:[)001”, lzvery DOOI”) 3(:fair)o] E]I—C‘ }\];917]}_7(] = }\]_% 7]_;(] 7]_
il Bjsto] Storage life? 7HE8HS)
(2) =05 & (weight loss %) A & ZAZS =Ase] 27 F&o| a7+
¥ AES T 2ol Axatdinh
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EgREs (%) - Wlw_/—lmxmo (W1 : 27152, W2: A% 5 5%

(3) Ax =34 7+ Ay E=E vy A3 5 BEAd Y 4599 3
I W3 AEE chromameter CR200 (Minolta, Japan)E ©|&3 o] CIE L, a, b

3 5 27 A% thE AY Fo Mx Wzle ALZ dolr ] 99
ol o] 2]& o] &3} total color difference (AE)= “ERA AT

(4) &% (respiration rate) A}

lem 5719 oFaE3AH(33cm*33ecmx38cm)oll B2A e S Yol A% &%=9 20T
o} 4TColA 1AEF &S & 87 YHo| 2443 7FAE 1mL gas-tight
syringeZ #ol COE EA43th. GCHP 5890 series, USA)2] #4 ZH&
detector: TCD, column: GS-Q(30mx0.53mm ID, J&W Scientific, USA), oven
temp.: 30C, injector temp.. 250C, detector temp.. 2507TC, split ratio: 1:10,

carrier gas: He(mL/min)©]t}.

(5) ¥EE C 4

A& 25gS Warring blender® 3%3F vl & 6%metaphosphric acid 50milel
=9 & AAoA 15A17F EE0] FE3HU Y. ©]& Whatman No.l 32 13}
7Fetol 33k & 0.45um PVDF syringe filter2 o] §38Fo] 23 o] #3lo] Alg s vt
¥ HPLCZ #4354

o

AZE 10gE 85% Aceton 50ml ¥ WyobxolA ab&¥r wbx] A]71% Whatman
No.2 ¥ =7 oyst & 85% Aceton £doz AF=

volumetric flaskoll %7]3L 85% Aceton& S 7}slo] A&

o]l 20ml¥} ethyl ether 50mlS EE° 42 & AXA s 255 &
Aol 22 oHE &98 100ml volumetric flaskol %7]3 oHEZE 713}
£33 & F&F S99 660nmet 6425nmol A2l FHEE 47t A5 FAE

(Total chlorophyll) %< AF&3F t

(7) 1-Aminocyclopropane-1-carboxylic acid (ACC) oxidase activity =%

3mm FA9 A& %3 discs 1.5g< #H3te] 0.lmM ACC(0.3M Sucrose, pH 5.9)
AmL & do] 25T A4 AzE HA|ste] €A ACCE F54171 ¥ FAIZ ImL
7F22 AES FHFHo] discs7t YA ACCE FEH A oEddle 4s GCE #
A8ttt Ethyleneit Al & 918 GCo =112 919 sYstt.

(8) 1-Aminocyclopropane-1-carboxylic acid (ACC) content 2]
A5 5gs HA Ao P mpd ts 80% ek 20mLS Ho] 4TelA
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15,000rpme. 2 15%7F A28ttt 45 A2 rotory evaporatorg ©]-§3F
40CelA s Sste] oSS SEA7 §F 2mLE i%o}oﬁ 2o AL-g314d
\jr Lizada®} Yange] W oz ACCE ethylenel@ H3AIZ] & GCE o] &35}
AatRom, Alg T ACCY A& WiIEEd HFwo 40} jth. Ethylene
485 93 GCHP5390 series, USA)S] 712 detector: TCD, column: GS-Q
(30m*0.53mm ID, J&W Scientific, USA), oven temp.: 30C, injector temp.:

250°C, detector temp.: 250°C, split ratio: 1:10, carrier gas: He(mL/min)®] t}.

m _11)1

4) FZA

7H A3A=

2 Ao AMSH A (Lactuca sativa var. capitata)= A 24l A 20054 3€
28 AT PEte] AENAS Ea Ao AR} gEEAY Hod AL A
I F ko] 400-800g W] AL Aol AkgatTh

o

}) NO 72 A8 2 AF

12 23S Fal 444 ® NO 5%(NO 5ppm, NO 50ppm) 9}t fumigation A1ZH2A]
7hel wel lem FA9 o2 AAH(33em*33cm=38cm)o]l FAAE 23 W B3}
o] 7k g F 20T 4Co] AFauA, 0TE 29 HF02 4TE 79 3
Aow ¥4 54 ARG YETEE NO A4l air FHdlA o}=3
L7)0] 2417 ok WE g3 AL A8}

%) FAE

o
N
>

(1) #5 A= 3o s 42 sdAzR Uiro] ~x:o8ste] (5=very good,
4=good, 3=fair, 2=poor, 1=very poor) 3(=fair)°] H &= A|G7IAE AE 71X7F A
t}a #t}sle] Storage life® 7531 o).
(2) TR & (weight loss %) A & FAE F43te] 7] T g 7
g ALE A 2ol AltstAr

W1 — W2

THAEE (%) = —————x100 (W1 : 275" W2 : A% T )

w1

(3) M= ZAe 2 A az vE] AR 5709 FFA wE 4r9jel dis) 2
W3l A=Z chromameter CR200 (Minolta, Japan)S ©]-&3 o] CIE L, a, b3<
ST = 7] Aol dg AY T Mk v AxE dolry] 93] of
o] 218 o]&3}o] total color difference (AE)Z YER AT}
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(4) 3E%E (respiration rate) ZA}

lem 5709 oF =23 A AH(33cmx33cmx38cm) ol OJE FAE o A 2=20 20T
4CoNA 1A EEs & &7 YHeo 2AHAR 7FA~E 1mL gas-tight
syringe® ol CO.E& EA43% GC(HP 5890 series, USA)¢ EA zA&
detector: TCD, column: GS-Q(30mx0.53mm ID, J&W Scientific, USA), oven
temp.: 30C, injector temp.: 250C, detector temp.. 2507C, split ratio: 1:10,

carrier gas: He(mL/min)©]t}.

(5) ¥EE C 4

A& 25gS Warring blender® 3%7F vlafl3k & 6% metaphosphric acid 50mlel|
ol & %‘ﬁ:oﬂ/ﬂ 1541 &5 FE3A Y. ©]& Whatman Nol A2 12k
et et & 0.45um PVDF syringe filterS o] 83t 23 ojislo] Alg g vt
% HPLCE 434t

(1IN JH

6) 54 =4

A8 10g& 85% Aceton 50ml ¥ Wdioa =9 Wz A71E Whatman
No.2 A2 7}s &  85% Aceton £Ho =2 X

volumetric flaskoll %7]3L 85% Aceton& S 7}ste] A&

of o) 20ml¥} ethyl ether 50mlS EE¢ 4L & AHAXs v 255 I3
Ao ®ol oH 2 &94S 100ml volumetric flaskel]l & 7] o E|2Z 7}&}o]
£33 & F&F F95 660nmet 6425nmol Al FHEE 47t A5 FAE

(Total chlorophyll) %< AF&3F t

(7) 1-Aminocyclopropane-1-carboxylic acid (ACC) oxidase activity =%

3mm 7749 Al® %3 discs 1.5g& #H3ste] 0.1mM ACC(0.3M Sucrose, pH 5.9)
AmL &He 25Tl A4 AF HAste] 8 ACCE FFA17 & FAIE ImL
7F22 AES FHFEo] discs7t YA ACCE FEH AAsIE oEdwdle 4s GCE #
213}99 ). Ethylene®4 S $13F GCol =712 9 T8t}

(8) 1-Aminocyclopropane-1-carboxylic acid (ACC) content 2]

AlE bge HAALo Hil wHfEd ths 80% olEE 20mLe wol 4TelA
15,000rpme. 2 1583+ A EHsAT. 45 HL rotory evaporatorE ©] & 35}o]
40Col A zHsts *8}0% S TEAZ F 2mL=E i?o}oq B2 AR39
\’/} Lizada$} Yang-% Ho g ACCE ethylenel® H3A 71 & GCE o]&3}9]
SAsd o, AR F ACC«] Ao WEEEEZ HEHo «]O}Oﬂﬂr. Ethylene
B8 93 GCHP5390 series, USA)S] %L detector: TCD, column: GS-Q
(30mx0.53mm ID, J&W Scientific, USA), oven temp.: 30C, injector temp.:
250°C, detector temp.: 250°C, split ratio: 1:10, carrier gas: He(mL/min)®] t}.
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K

o] 7+H (%)

air  control 0% 20% 40% 60% 80%  100%

30 min 1 - 2 2 - 2 1
1hr 1 1 1 - 2 2 1
2 hr - - 1 1 2 1 -
4 hr 4 - 1 1 - 2 2 1
8 hr 2 2 - 1 2 2 1
12 hr 2 2 2 2 2 1 1
24 hr 2 1 1 2 1 2 1
T 4 8 7 8 8 11 12 6
ZEE&  (60.00 (42.9) (50.0) (42.9) (42.9) (21.4) (14.3) (57.1)

(%)

22 A AE NO 60%9F 80% % == 1241 7F 7}
AstHA FAEAEE FARSIAT 20T A A
AlZrol A5 FHRRES S8t A% 209 o] FHE= tixTol Bls)
N2O 60%9F 80% A 2] 7} tjz=+- K} v %%%E%% E‘Riﬂ 4Ce
60%°F 80% A E|ztolli= frelAl Apo]lE Kol &2

k= 20C A A9 A AT 25 AA38 %
gFetom 4T A9 =79 NoO 7kaHegF3kel] & Apo]l& HolA] ggkont
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712b ghaFe]l A9 20T AFelA NoO 80% A 2l ol Al A A8 F7Fslaal dr~
Aol vla) vha =4 HErgoen 4T A e =R npvrA R A%
204 F243] 7”\0}‘3}7} oAl SUtele AES EAtHFig. 6). ACC oxidase
activity (EFE activity)= 20C A& A AA3 #ihstes A4S Uely=d
N2O 80%A 2] ol A 2F3t ‘”Xﬂ S & F AR 4T A B AAE] T
stobb A 80¥ Aol F7F & A T st A4S el =
=Tl HlE] NoO 7F=A e oA & o]

ARYeE ¢ 5 AUTHFig. 7).

ACC g3 20T AFel A% AAS Fasts 28 dehiga fzre 3
$ A% 209 oFol FA3 Fsadtd ot AFA4T 7 F5s ARe
2 she A v

R =
nogol Zreln Fdol FAs %aFR grgol F48 26
JLEH 2wl ACC e & = = .
Aol A% ACC ol NAs FAe Tt A4 409 olFol thAl AAE
ﬂia}% Age Ueed dzTel 4% 20T A4 satdz 44 97
A8 Z7hstel ARel wso] G WA Aow AR AT(Fig. 8.
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Fig. 2. Changes in weight loss(%) of onions during storage at 20C and 4TC.
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Fig. 3. Changes in hardness(kg/cm?) of onion during storage at 20Cand 4°C.
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Fig. 4. Changes in respiratory rate (CO, ml/kg/hr) of onion during storage at 20Cand
4T .
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Fig. 5. Changes in total soluble sugar (g/100g) of onion during storage at 2
0Cand 4T .
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Fig. 6. Changes in total organic acid (mg/100g) of onion during storage at 20Cand
4C .
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Fig. 7. Changes in EFE activity (nmol/g/hr) of onion

and 4C .
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Fig. 8. Changes in ACC content (nmol/g) of onion during storage at 20Cand
4C .
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221 @l A= NoO 60%<F 80% & == 12A1F 7F~ Ak Al8& 20T 4T
AstdA FASAAS AT 7 A F FdA] FAel Yo SR F
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Fig. 9. Changes in weight content (%) of mushrooms during storage at 20T
and 4C.
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Fig. 10. Changes in hardness (kg/cm? of mushrooms during storage at 20C
and 4TC.
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Fig. 11. Changes in total color difference (AE) of mushrooms during storage
at 20C and 4T.
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Fig. 12. Changes in respiratory rate (CO: ml/kg/hr) of mushrooms during
storage at 20C and 4TC.
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Fig. 13. Changes in total soluble sugar (g/100g) of mushrooms during storage
at 20C and 4T.
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Fig. 14. Changes in EFE activity (nmol/g/hr) of mushrooms during storage at
20C and 4T.
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Fig. 15. Changes in ACC content (nmoleg) of mushrooms during storage at

20C and 4T.
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Fig. 16. Changes in weight loss (%) of broccoli during storage at 20C and
4C.
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Fig. 17. Changes in total color difference (AE) of broccoli during storage at
20C and 4°TC.

_65_



300.0

—_ —O—20°C-control
£ 5500 | —O—N2060%
2 ' —A—N20 80%
g 2000
o
e
o 1500 ,
s
£ 1000
s
‘a,
3 50.0 |
2

0.0

0 2 4 6
Storage time(day)
300.0

’s-_:-? —@— 4°C-control
S 2900 _m N2060%
= —&—N20 80%
E 2000 |
o
2
o 1500 |
e
g 1000 |
£
o
3 50.0
7

0.0

0 4 8 12 16 20

Storage time(day)

Fig. 18. Changes in respiratory rate (CO: ml/kg/hr) of broccoli during storage
at 20C and 47C.
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Fig. 19. Changes in ascorbic acid(mg/100g) of broccoli during storage at 20T

and 4C.
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Fig 20. Changes in chlorophyll content(mg/L) of broccoli during storage at
20C and 4T.
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Fig. 21. Changes in EFE activity (nmol/g/h) of broccoli during storage at 20C
and 4C.
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Fig. 22. Changes in ACC content (nmol/g) of broccoli

and 4C.
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Fig. 23. Change in weight loss (%) of lettuce during storage at 20C and 4T.
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Fig. 24. Changes in total color difference(AE) of lettuce during storage at
20C and 4T.
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Fig. 25. Changes in respiratory rate (CO» ml/kg/hr) of

at 20C and 47C.

—0—20°C-control
—1—N20 60%
—A—N20 80%

2 4 6

Storage time(day)

—&— 4°C-control
—m—N20 60%
—a&—N20 80%

8 16 24 32
Storage time(day)

- 74 -

lettuce during storage



Ascorbic acid (mg/100g)

04 | —0—20°C-control
—0—N20 60%

02 ——N20 80%
0.0
0 2 4 6
Storage time (day)
1.6
14 | —e— 4°C-control
' —m—N20 60%
@ 12 —4—N20 80%
(=)
= 1.0
£
g 0.8
2 06
S
< 04
02
0.0

0 8 16 24 32
Storage time(day)

Fig. 26. Changes in ascorbic acid(mg/100g) of lettuce during storage at 20T
and 4C.
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Fig. 27. Changes in chlorophyll content(mg/L) of lettuce during storage at 2
0C and 47TC.
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Fig. 28. Changes in EFE activity(nmol/g/hr) of lettuce during storage at 20T
and 4C.
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Fig. 29. Changes in ACC content(nmol/g) of lettuce during storage at 20T
and 4C.

_78_



2. I AAFe nFLE A NO 3 A 21084

7b %ol 9 NO HA A 2089

12k Aol M= Fute] £ A FESH S MA= HAHe NO s=&
ol 7] Slal B ALE @ F AEAAE AAGe] szolge g
= 3L o

22307} 3(=fair)o] &= AHAAAE FF 7FA7F Aok #rhslo] Storage life
2 Fetdnh. 2 A3 Fupel] FESHA FFE HAE= NO FX+= 100ppm,
1000ppm ©]aL fumigation timee 2A17Fo] &3A<l Aoz FHukrojx NO9
ethylene ZFgo w3 71z F4 Ao E= NO 100ppm¥ NO 1000ppm,
fumigation time 241t A2 d A8 20T 4T AAspAA Ay B,

fx

b A F @l e e 2Ae 2FA 87 e ARE Yol 2
s A 10 FO FRES ZANE A% 0T AN AFE/ B3
%

s
Skt A F7IHE AAE S7HEE 8 & AT 4T AL A
% A =
B
[e)

r
==

ol

o o

A% 2ol Aduglel A%

gt 20C AFS ¢ NO ATl Awst 2T we o

207 A 409 o] F R FUbE il NOHE 7
=otom] 4C AAlAE NO 1000ppm A& +7F tiz=+¢ NO
Hla) 58] ta AAHNSS & F UATHFig. 32). EFE
activity 2] 4 20C AFoA AZz27] G438 Attt A% 209 o] Fol oF
b S7VEA A AT AFelAM = A SR 7k NO 1000ppmA 8] +7F o2 F
Ao vl A A A BrlelE NO Ao &Ado] dixTtel vls)
F=A YeEbEth(Fig. 33). ACC &% 45 20T AgNA A% =7 543 7
stz oAl A A8 HAS AL 4T A el A= NO 1000ppm A 27} th& A
e mlE tha dASA FAEEA e AT vE] ACC el AUS

< & 7 UAH(Fig. 34).

_79_



5.0
—0—20°C-control
40 | ——NO 100ppm
’ —A—NO 1000ppm T
s
]
2
=
)
R3)
=
0 10 20 30 40
Storage time(day)
5.0
—@— 4°C-control
—— NO 100ppm
40 | —a—NO 1000ppm
e
<
2 30 1
2
=
)
RS
=

0 15 30 45 60
Storage time(day)

Fig. 30. Changes in weight loss (%) of onion during storage at 20C and 4.

Data represent mean + SE.

_80_



200.0
« 150.0
=)
Q
)
<
= 100.0
3
=
=
E‘ 500 | —O—20°C-control
' —0O0—NO 100ppm
—4A—NO 1000ppm
0.0
0 20 40 60
Storage time (day)
200.0
~150.0
=
&}
B
<
» 100.0
0
=]
3
3
an 50.0 —e— 4°C-control
—— NO 100ppm
—&—NO 1000ppm
0.0 :

0 15 30 45 60
Storage time (day)

Fig. 31. Changes in hardness(kg/cmz) of onion during storage at 20C and 4TC.

Data represent mean + SE.
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Fig. 32. Changes in respiratory rate (CO: ml/kg/hr) of onion during storage at
20C and 47C. Data represent mean + SE.
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Fig. 33. Changes in EFE activity (nmol/g/h) of onion during storage at 20T

and 4°C. Data represent mean + SE.
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Fig. 34. Changes in ACC content (nmol/g) of onion during storage at 20T
and 4TC.
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Table 2. Storage life of mushroom at 20C and 4C

Temperature 20C 4C
Treatment Control NO10ppm | NO100ppm | Control NO10ppm | NO100ppm
Storage life 4.48 4.48 457 12.97 15.09 16.91

Fig. 35. Effect of NO treatment in cap-opening of mushrooms after 4days
storage at 4C. A, treated with air; B, treated with NO 10ppm; C,
treated with NO 100ppm.
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Fig. 36. Changes in water content (%) of mushroom during storage at 20T
and 4°C. Data represent mean + SE.

_87_



2.0
—O—20°C-control
—3—NO 10 ppm
~ 15 | —A—NO 100ppm
(o] : -
£ *
L
en
=
2
3}
=]
=
<
T
0.0
0 2 4
Storage time(day)
2.0
—@— 4°C-control
—&—NO 10 ppm
—&—NO 100ppm
I VR
£ *
L
&n
=
w 1.0 |
72}
)
=]
3
i -+~
=
05 |
0.0

0 4 8 12 16
Storage time(day)

Fig. 37. Changes in hardness(kg/cm®) of mushroom during storage at 20C and

4°C. Data represent mean = SE.

_88_



14.0
—O— 20°C-control
12.0 | —1—NO 10 ppm
8 ——NO 100ppm
5 100 |
ot
=
= 80
kel
8 6.0
=
S 4.0
2.0
0.0
0 2 4
Storage time(day)
14.0
—@— 4°C-control
12.0 | —m—NO 10 ppm
ot —&—NO 100ppm
g 10.0
o
am]
5 8.0
5
g 6.0
=
S 40
2.0
0.0

0 4 8 12 16
Storage time(day)

Fig. 38. Changes in total color difference (AE) of mushroom during storage at
20C and 4°TC.
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Fig. 39. Changes in respiratory rate (CO; ml/kg/hr) of mushroom during

storage at 20C and 4C. Data represent mean + SE.
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Fig. 40. Changes in EFE activity (nmol/g/hr) of mushroom during storage at
20C and 47C. Data represent mean * SE.
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Fig. 41. Changes in ACC content (nmol/g) of mushroom during storage at 2
0C and 47TC.
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Abs 9 tH(Fig. 49). ACC 3

gl A oAl Hodes g A
Hl el @A 3]

2 el grape] tzTo

Table 3. Storage life of broccoli at 20C and 4T
Temperature 20C 4C
NO NO NO NO
Treatment Control Control
1000ppm 2000ppm 1000ppm 2000ppm
Storage life 2.17 2.38 2.27 24.01 32.21 29.67

Fig. 42. Effect of NO treatment in quality of broccolis after 4days storage at
20C. A, treated with air; B, treated with NO 1000ppm; C, treated

with NO 2000ppm.
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Fig. 43. Effect of NO treatment in quality of broccolis after 28days storage at
4C. A, treated with air; B, treated with NO 1000ppm; C, treated with
NO 2000ppm.
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Fig. 44. Changes in weight loss (%) of broccoli during storage at 20C and

4°C. Data represent mean = SE.
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Fig. 45. Changes in total color difference (AE) of broccoli during storage at
20C and 4T.

_97_



350.0 T

—O—20°C-control
—3—NO 1000ppm
—A—NO 2000ppm

300.0
250.0
q

200.0

Respiratory rate (CO2 ml/Kg/hr)

150.0 | I
100.0 [
50.0
0.0
0 2 4
Storage time(day)
350.0
E | —e@—4°C-control
Eﬂ 300.0 —m—NO 1000ppm
S —a—NO 2000
2 2500 | ppm
S 2000 |
2
s 1500
b T
é 100.0 [
g 500
m
0.0
0 7 14 21 28

Storage time(day)

Fig. 46. Changes in respiratory rate (CO: ml/kg/hr) of broccoli during storage
at 20C and 4°C. Data represent mean + SE.
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Fig. 47. Changes in ascorbic acid (mg/100g) of broccoli during storage at 20T
and 4C.
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Fig. 48. Changes in chlorophyll content (mg/L) of broccoli during storage at
20C and 47C. Data represent mean + SE.
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Fig. 49. Changes in EFE activity (nmol/g/h) of broccoli during storage at 20T

and 4°C. Data represent mean + SE.
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Fig. 50. Changes in ACC content (nmol/g) of broccoli during storage at 20T
and 4C.
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Table 4. Storage life of lettuce at 20C and 4C

Temperature 20C 4C
Treatment Control NO 5ppm | NO 50ppm | Control NO 5ppm | NO 50ppm
Storage life 5.67 6.21 7.24 21.34 26.11 26.81

Fig. bl. Effect of NO treatment in quality of lettuces after 28days storage at
4°C. A, treated with air; B, treated with NO 5ppm; C, treated with
NO 50ppm.
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Fig. 52. Changes in weight loss (%) of lettuce during storage at 20C and 4C.

Data represent mean * SE.
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Fig. 53. Changes in total color difference (AE) of lettuce during storage at
20C and 4T.
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Fig. 54. Changes in respiratory rate (COs; ml/kg/hr) of lettuce during storage
at 20C and 4C. Data represent mean * SE.
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Fig. 55. Changes in ascorbic acid (mg/100g) of lettuce during storage at 20T

and 4C.
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Fig. 56. Changes in chlorophyll content (mg/L) of lettuce during storage at
20C and 4C. Data represent mean * SE.
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Fig. 57. Changes in EFE activity (nmol/g/h) of lettuce during storage at 20C

and 4°C. Data represent mean + SE.
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Fig. 58. Changes in ACC content (nmol/g) of lettuce during storage at 20T
and 4C.
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- QEAE Z1Ao] 7] W&ol 53] EAY =g 7baed ofmay A EF
aho] Aol AFFoma Ao AR

= H17F Qo (Brian, 1998; Chervin %, 1992; Ferguson, 1987; Spencer,
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2 NoO9] 78 Ax7F 2 vebdrs AFde] BrE A tH(Qadiret Hashinaga,
2001b).
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Aoy & T FHE Q3 ARES Fol|7] fde] v A E
Nk - ARgske] gtk ey H 5o WHO/FAO 2 EU =7F FollA 17k 2
S =4 wAR A o)lE FEofAl Sl gk AR B ARGATS sha Q)
, oI5 ESAAE st @A Aol Ao FEF Aow A=
TEo] & Fo v 2 EAQA Aoz N,O 2 NO gasE € & 9o,
of ool i = o RofelA WA ATt o] FojHom H: S0 A Eo
|A71E = Aol st
NOE= & &l EAlgte 27142 @84 Aol 9] AdAd oz HAs=
77w ool M= e H vk HAow AHEH L tH(Dong 5, 1994). 4
EAWE N:O Wl EAe sk A4+ Ha @npr gloy, o3 oz NOE
AgS W AFgFHo] dFdEs Aom d4HA UAtHSowa 5, 1987, Sowast
Towill, 1991). N,Ox gzl wAo] lag phases AFAA FY9HU
anti—ethylene activityES YelH L Qo) 34 2 ik A2 e HeA7 o

rX?L:.:_Ezto

e 2

H
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T 719 gl Helth 2001 o] F A B oo]xgkd S5 wmE Ao A AT

o]%of o]xgtdle] 338ta} Leshem(Bar-Ilan University)oll 2] 3| g 1
gAo] d5E oy dAES dtoR g gyt AGEe] oA vy

Al Zsk e Wills 5(200008] A+ Ao ostH ®7]+= 10ppm, broccolit
4,000ppm, 12]3 white carnatione lppm fumigation treatmentel] 2l&} #-& 4
BoAdEA oo Ha ok A 2 AL, sHElRe 24 Abevin delA 54
ol &} 1 el wieiM = Al wel HAH o] vEth opF o] Fof
QA7 AAAeR Azl 7 el Be ATAEe] #43 ol

2 3o},

Lo

<)
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A 3E ATMWSY WS L A

<EHsolst 7141, 2719 NO9 HAH A= =4 &¥>

Al 148 Ezotet 719, 2719 NO & =3 &d

1. A8 € 3y

Haobe 20039 A7) % oA I AA oA e Fo gL FFS 9
oo, 71932 2003d BT E el A g4 ABAbE ‘Hayward #5S
o
AN

& 05 st F9F F HHAATAL gAl 2 %9 A% FATh o]
270wl Zhzb 6417, 12417Y, 2473 A8A1ZE Foll A BEte] Bolel =
71e A 2Eok B2 2EoA A ow 79ade BF 2000 AR

2 Az ALK AFe= A5 vkl

RE A VEHow F3o A/E v de NoO 80% + Or 20%9] H& =
A gdoh e Haolol A= NoO 70% + O2 20% + Air 10%, NoO 90% + Oo
10%¢] A g7k galxla, 7193 = NoO 30% + O2 20% + Air 50%, N2O
50% + O2 20% + Air 30% A& HajFAom F7lolA= N.O 100% =% A
T 24 ATt 71AFAHL Porapak Q columng  ©o]§3}e] gas
chromatography = <135}

HEsobet B71= NoO Ae & A 29k & 2ddA AL At 7]
AR FARNstE AT, J19HRE 2 0ToAA Aes & 20CT= &7 +
AWsts S48 TF AEES A 279 FFd dd A T AR
S %= JEFHS T == Atago refractometerE AF83te] °Brix @9 & uE
Witk Ax A= Stable Micro Systems TA-XT2 Texture AnalyzerE A}
Gttt BEokst 719 e Ao AR A9 E A7sta 5 mmo flat

probeZ 1.0 mm/s £H o2 FFAAAN AEE Ao AGSHAIE ©7)d
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el AlBEA Arep el s zzt 5 WAlE o] Zsojd it
(5=very good, 4=good, 3=fair, 2=poor, 1=very poor). A& 717t &<t @7]e] 9
5 oAwsE #Fsr] 9sted Minolta CR200  colorimeters  AFE-3F3] o.M
lightness (L#*), chroma, hue angle® eIt A% = o3 g4

A eal Al AAYY. BE At 3uks AAJsslTh
2. 47 23

#H < climacteric ¥ &E0] NoOE A Estele =90 A=Ha Utk NO=
FEA bAE VAR, A4 ML SEAH A HdolA nHAR A8
i glew mare A= FDAS 5Ql& Wrol A5 FARLE 2ro]al Sl o]
& N2OE NoO 80% + Oz 20%29] sz EvtES ofilwd AL FHFAS
] ethylene ¥AS A AAAYE Eart 942 (Gouble 5, 1995), 115 %=2 N.O
Aele FEo S A= Hax At} (Qadir 5, 2001a).

gy AEhA dEl abzs 2 Ay 230l NoO 80% + O 20%2] &&=l
ekl o] AAl 5 5 welo] HEeprld= vEe ol o, uwebA
= o v A 2@ dE A7 dasit 2o AEA F5 F oag
of A&3t7] s N:O Aol W& F4 W3l FA7F wh=A] Frksojof &
= o] 22 AT Bas A9 o]FofAA il gl AAelth

JEE 2 dATe gdeh 2319 N0 AE F 4 WstE AR H A4 9
N0 Ae] 238 gdet=d 2 5240 vk olol weh dA A A= N.O
80% + 02 20%9] T& Ay XS BE o 7|24z AHEsteo F4 ¥

E ZAbeRelaL, 1 glel el mEt N0 wk=sh A7 A2=s 2elst 7}

15°Col A “Fad @5 St N09 wks 2elste] ALdes W TF 7

& 74 AolE HolA= F3Uth NoO =7 70%2 80% Y W= airs
AY g Wb zol7k e NoO $=7F 90%d wol= 238 airs A2 3
= WMEY TF FEE] 4-5% = UEET o= At AEE Q3 ~Ed
2 w2l Aoz AAEw o] wol= o= WASUATHFig. 1). FE @]
M= 15TAA A2 dls ol NoOS A2’ A3 airg A2d A Alolol $%F
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FEE Aok aA @kom NOF 2& FER 747 U7 4847 A @
A Al E FF FRE AolE BAT F AATHFig. 2.
olof= He] EFololA= NoO 80% + O 20%°] SEE 6%, 1224111, 244]

b, 48A13Ee] 47 gE Alte® A e o 2 Aolrk =Euten, 48413 A
g3k o] Aol of T%E M %2 TF FEES UEUs AoR AR
A=, A A Bz ]l

aefar o] A AL 44

fin)

To 7Rgo] oF 8% YUtH(Fig. 4). o]t 15°ColA st
WS wl, NoOx= 7| Aol ng AeoA &7t 1 ey §58%
2}

Az,

20

—o— Air

Weight loss (%)

Days at 15°C
Fig. 1. Effect of 48-h N;O treatment on weight loss of peach at 15°C. Bars

represent *SE.
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25

—— Air+48h
—O0— N,080% +24 h
20 1 —y— N,080% +48h

Weight loss (%)

Days at 15°C

Fig. 2. Effect of N2O treatment on weight loss of strawberry at 15°C. Bars

represent *SE.

20
—@— 6h
—O— 12h
—w— 48h
15
g
» 10
]
o
-
=
=]
S 51
=
O .|
T T T T T
0 4 8 12 16

Days at 15°C
Fig. 3. Effect of treatment time to N2O 80% + O2 20% on weight loss of

peach at 15°C. Bars represent *SE.
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20

—e— Air+24h

—0— N,080% +24h
—v— N,080% +48h

Weight loss (%)

0 4 8 12 16 20 24 28 32
Days at 4°C

Fig. 4. Effect of NoO treatment on weight loss of peach at 4°C. Bars represent

*SE.

. Axe wg xA}

15CoA Eokst Drlo] A sxet A Ake Eelste] NoOE 242 A
gt W AE W3t xpol= AA| Fdrh thut Fig. 7(upper)ol Al airg A2l
Be4Y Foll BETt FUhe AL FE AR A g7 i Aol XY
H71 WiEtez AZE =4, o] Fig. 7(lower)oll A 7t~z Add 715 /&3
A ¢a adE Ad AFsA S Ao airg A e Fol 23|y AEUt v
S HFo F5FT F Ak NoO 80% + O; 20%9] =2 48417 A2 g o
dwe] Wstrh ehwtsd mags AEd £ Aoy $AA #Folde 2A &

(Fig. 5, 6, 7). ®F4 0°CellA] ‘Hayward 7|91 3ol N.OE 48A1%F &<t A &g
ol 20T A1z A AFAS dFolle v=27F 2555 =% =
A= ol N2O 80% + Oz 20%°] sz Aelgk Flo] 20T AFi=E &3 o] 5o
16947k4] 127N F =& yetlo] dFAde At e 2 ofF

8] FAaskdnh ol A W2 2ZoA NoO7F 7193kl ¥ & FE 07

Woleha A7 th(Fig. 8),
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—— Air
—0o— N,070%
44 —v— N,O80%
—v— N,090%
£,
n
7]
Q
c
£
= 24
(™
1 4
0 T T T T T T
0 4 8 12 16 20

Days at 15°C

Fig. 5. Effect of 48-h N,O treatment on firmness of peach at 15°C. Bars

represent *SE.

—e— 6h
—0— 12h
4] Y 24h
—v— 48h
z.
("]
(]
Q
c
£
=21
'8
14
0 ‘ ‘ ‘ ‘ ‘
0 4 8 12 16

Days at 15°C

Fig. 6. Effect of treatment time to N2O 80% + Oz 20% on firmness of peach

at 15°C. Bars represent *SE.
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—— Air
7] o N,0O 80%
—v— N,0 100%
6 4
z
0w %
7]
]
c
£ 4
w
3 4
2 4
1 T T T T T T T T
0 1 2 3 4 5 6 7
Days at 15°C
8
—&— Air continuous
74 —0— N,0 continuous
6 4
z
o 57
n
]
c
£ 47
[
3 4
2 4

Days at 15°C
Fig. 7. Effect of 48-h N;O treatment (upper) and continuous N;O treatment

(lower) on firmness of strawberry at 15°C. Bars represent *SE.
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40

—— Air

—0— N,0 30%
—v— N,050%
—v— N,0 80%

30

20

Firmness (N)

Days at 20°C

Fig. 8. Changes in firmness of kiwifruit at 20°C after treatment of 48-h N-O

at 0°C. Bars represent *SE.

Fro] ¥gE Ao AYPS W ©l F zAelE yEhATh 0TAA
71934l 0, 20% 37 N0 ZHzE 30, 50, 80% A el3 F 20CE %A A
TS W N20 80% + O2 20%°] T=Z A e 212 164 = 8N oo 74

FABIAA FEE =A dERd gizFel vls &9 dE AR JEY:
thoolg A AF 717EE NO 80% + 02 20%9] w22 A s o 7 2
O AIrs 48417 SoF AP A& 89 o] FRE L= Hujgo] ol BF AAH
HEE N,O 80% + O 20%9] F=2 48A12F B¢ HEd A& A 7)7ke] 204
A A = A H(Fig. 9).

B ol 15°CollA Aed F e Lo A4S o g Wale 2 o)t
el tH(Fig. 10). 7oA %= 15°CollA AZ P wo= &

o N2O 100%E 48417 &<k A fe wele P& W57t 1°Birx 7%
& W32 Jehdth(Fig. 11). 7194 N0 80% + O 20%2 T8}
AAANA A Aol Agre] AGFE Frrt Hagded ol TFe

F 27 Z27bsk Aow Helth(Fig. 12).

]_
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SSC (°Brix)
S

—o— Air
—0o— N,030%
—v— N,050%
—— N,080%

6 T T T T T T
0 4 8 12 16 20

Days at 20°C
Fig. 9. Changes in soluble solids contents of kiwifruit at 20°C after treatment

of 48-h N-O at 0°C. Bars represent *SE.

16
—o— Air
15 4 —0— N,070%
—v— N,080%
14 - —— N,090%
E 13 1
=
om
T 12 A
O
(2]
0 414
10 1
9
8
0 4 8 12 16 20

Days at 15°C
Fig. 10. Effect of 48-h N2O treatment on soluble solids contents of peach at

15°C. Bars represent *SE.
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—0— Air
14 { —0— N,080%
—v— N,0100%

SSC (°Brix)

3 4 5 6 7

Days at 15°C

Fig. 11. Effect of 48-h N2O treatment on soluble solids contents of strawberry

at 15°C. Bars represent *SE.

—&— Air continuous
159 —0— N,024h

| —»— N,048h

—v— N,O continuous

SSC (°Brix)

Days at 15°C

Fig. 12. Effect of NyO treatment on soluble solids contents of strawberry at

15°C. Bars represent *SE.

2. RO & XA+

#Fy| 7o) SIEo] oy

et (Fig. 13) E97 713 kg
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Ego] ¢to] AZ Rujyte] JffE MELR FASAEY, NoO 80% + O

20%°] FERE 48A1ZF &k AP AE & Aol vlE| 50% o] -3l &l

StH(Fig. 14). 3 A2 Algto] Aojd s O gyt 2 S & F AU

N2O 80% + Oz 20% s 48A1ZF &<k Aggh Zo] 2443 &t A2 AW

o 20% Aw= Fufgo] vrkrh mg 20 L A% &7]e NoO 80% + O2 20%9] &
il

Ew 7] £24e F 5 9Y7HA AL dHATIEA Feles AR Y 64 A
| = Fa&ol 40% wollom 9= Fa &S 50% olatE FAAZA F

A THFig. 15).

2

rr

Fig. 13. The feature of decay of strawberry during storage at 15°C.

100

80

60

40 -

Decay (%)

20 -

—e— Air+48h
01 —o— N,080% +24h
—v— N,080% +48h

0 1 2 3 4 5 6 7
Days at 15°C

Fig. 14. Effect of NxO treatment on development of decay of strawberry at

15°C. Bars represent *SE.
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100

—&— Air continuous
—0— N,0 continuous
80 A

60 -

40

Decay (%)

20

Days at 15°C

Fig. 15. Effect of continuous N2O treatment on development of decay of

strawberry during storage at 15°C. Bars represent SE.
mh AW s 24}

D7) FEAS e Mol & JEFgFS PHTh AAAE AFEste] NoO A
mE 7] oF MuslE AHHEUTE N.O 80% + O 20% FLE= 4847
t Aol Lk (lightness)® #47F #hol, i o= w2 A& FA8
AL & F Jdom NO A F A% 4dAo= chromagt?} hue
angle®™= 2] Ztoll zol7k =2y airs A#d Aol o AFA ¥ AS <
T ArH(Fig. 16). WA NoO A= =719 o F AMwstE oA + grvh

=
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46

—e— Air+48h
44 | —0— N,080% +24h
—v— N,080% +48h

42
40 -|

38

L*

36

34

32 A

30

55 4

50 +

45 4

Chroma

40 -

35 4

45

40 -

35 4

30 +

Hue angle

0 2 4

Days at 15°C
Fig. 16. Effect of N.O treatment on skin color of strawberry at 15°C. Bars

represent *SE.
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ah @t A A 24

271elM AR AH= N0 A w7F e, Artte] 245 o
T2 23E At N0 80% + O ZOV«] == ﬂﬂfi Aol Hlal N2O 100%
TE2 AdAs dde= AF 5d F
80% + Oz 20%° &7 AHoE AH

I

U
=
(=fair) o|4& FA= s #FET &

A% 4 (=good)°ﬂ 7} 7493 o} i N0
AANA AP Aol 9dAol =
A AT (Table 1).

gy ZRrole] ezt An fAe AP or pAHAE Fokth Table 2
o 4 H5o] 15°ColA E7lel N.O 100% FEE A2ldS u Aus 2d40] &
HkE 3 (sfair) 02 "ol th o] AbAavt F-F3 oA TEvt dojyty] Wi
ol N0 100% F=E 48213 <k Aele § 8715 Mestds Wie o
b @AY ATh A% A AFE AelE 98] An= 2 (spoor) L& FEA
ol gith Al Wy AgstH 6dANAE <@ Aw st 27 4 (=good) 3
(=fain 22 FFAZS KA o] e g F A E o]H 7 FAEE] Al

g},
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Table 1. Effect of N2O treatment on appearance of strawberry at 15°C.

Storage Treatments

Ellgr;eys) Air+48h  80%+48h”  80%+24hY  100%-+48h* Continuous"
1 4.11+0.78 4.67+0.50 4.11+0.78 4.13+0.64 -

2 2.89+0.78 4.44+0.53 3.33+0.50 4.22+0.44 -

3 2.67+0.70 3.44+1.01 3.00+£0.50 4.13+0.35 4.00+0.72
4 2.44+0.73 2.67+0.50 3.33+0.70 4.00+0.71 -

5 1.97+0.50 2.75+0.46 2.85+£0.50 3.89+0.78 -

673 146078  244:088  211+078 411081
8 .

) 3.72+0.75
2 N50 80% + O 20% treatment for 48 hours.

Y NLO 80% + Oy 20% treatment for 24 hours.

X N,0 100% treatment for 48 hours.
W' Continuous treatment of NsO 80% + O 20%.
Table 2. Effect of NoO treatment on taste of strawberry at 15°C.

Storage Treatment

time ) o 7 o ¥ o X ) W
(Days) Air+24h 80%+48h 80%+24h 100%+48h™ Continuous
1 4.56+0.53 3.69+0.79 4.44+0.53 3.00£0.00 -

2 3.44+0.73 3.69+0.63 4.33+0.87 2.55+0.53 -

3 3.56+0.73 3.56+1.01 3.78+0.83 1.50+0.53 4.00+0.65
4 3.22+0.44 2.80+0.63 3.67+£0.70 1.00+0.00 -

5 2.17+0.50 3.22+0.83 2.54+0.50 1.00+0.00 -

6 2.00+0.76 2.14+0.69 2.11+£0.60 3.31+0.87
’7 _

8 —

9 2.18+0.73

“ N»O 80% + 02 20% was treated for 48 hours.
Y NoO 80% + Os 20% was treated for 24 hours.
¥ NoO 100% was treated for 48 hours.

" Continuous treatment of N0 80% + O» 20%.
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=
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Days at 15°C
strawberry during storage at 15°C
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Fig. 17. Effect of continuous N2O treatment on CO: accumulation of



A 24 FAFAA NO &8l dHE 717 77

1. As 2 34

719 Ao 4 2AERE AHEE 3 T V|EE 585 ethylene A HS
S3A . NoO 80% + O 20% 5‘13?‘, N2O 30% + Og 20% + Air 50% = 2]
7, N2O 50% + O 20% + Air 30% A2 7-5 0CeA A st om o5 20°C
Az &7 AZsUA 2dvig A7 SFEI ethylene TAFS  gas
chromatography & =73}

7)ol g0l 20L 719 NoO 80%+0s 20%9] H&= 7 AXAS
HAIA 15T &&= Aol A JHestA Fi AlE AGA7IHA o] iksteba
=22 NOo W3l dAeS =AY, NoOX gas chromatography S A3}
of ZAsAT

B0} polyphenol oxidase(PPO) &4 Z74-2 Cheng¥ Crisosto (1995)¢] W

Hol web AAlskder 5708 A Aol A 22t AlgE AFH & PPOE F=3t
Adow PPO F%% 05mLel 2.3mL 0.1M phosphate ¢+% & (pH 6.2)7 5%
Ao 713 Ze H=<2 ImM chlorogenic acid 0.2mLE &3 & Z+zF Airst
100% N2O, 100% NoE Z+7; 10, 20, 30, 40, 50, 60 &<F Eo] ¥ $ 25°Cd
A 33 420nme) &3 B33 B47](8453 UV-Vis, Agilent, USA)E &3 L2 =
Aate] Air Aol i WEe2 N.0SH Np9] PPO JAS a5

dad 71913 el 20°CelA PDA wiAlo] Eeuidstd o™ petri
dishell 25 N:0 80% + O: 20%E5 A+ o™ utel Airet Np 100%% 2t
7} A2 s

rok

o

nt

2. 47 23
7 N20¢t ethylenesto] &35 2§

HANA deAztzol et NoO 2HEoll thall grsfxl nh= Ao gl Evpze}
ol 7t 59 climacteric #Hol N:O 80% + Op 20%9 %5 AS o

ethylene A9l A& 54 A5 =& F AT += AEe Hirl glom o]
2 NoO= CO:9b FAFSE & wj ol ethylene?] antagonist® #&3W-S H o]
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gtar stk weba] o) ZA3le] ethylene Ay wko] Wil ethyleneo] W 7FaHA
HHS-3h= 7199 S o] &, NoO9} ethylene?] 4528 AR R Gkt

I A3, Airg Agg Aol Hls N.OF A gk ¢ ethylene A o] ¢
AR S o = AdAHFig. 18). Airz 48A17F FoF A g3

2E# 2 wl&Fol ethylene ¥ A7} 25 t©] g

DA Aoz mdr, Iy N0 s%o wWE ethylene WA o] zpol= A
o] gldth AR 14U Aol A o7 NO 80% + Or 20%9] H=ZE A3 A
o] A e ethylene A HS BPOo airg A st Ao I=aAE B 94
e A sk I+ zolE HHT 4 AT

e A7lel COp BAFRE A S
o2 Btk NO 80% + Os 20%° s A 4% Azl 83 Foli airs
Aglgk Aol g COp A TFo] 5-6%0° =33+ HF
19). webA FAFNA NoO 282 ethylene 2H& oAl wads o] YA &
Aolgta Azt

—0— Air

—o— N,030%
—v— N,050%
—o— N,080%

N B D ©
o o o o
I I I I

Ethylene production (ul- kg‘1- h'1)

o
I

Days at 20°C

Fig. 18. Ethylene production of kiwifruit at 20°C after treatment of 48-h N-O

at 0°C. Bars represent *SE.
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30
—o— Air
25 —0— N,030%

20

CO, production (pl- kg™ h')
>

Days at 20°C

Fig. 19. CO. production of kiwifruit at 20°C after treatment of 48-h N-O at

0°C. Bars represent *SE.
Y. PPO &4 YA

Efabaolut ebdo = sk Aol AW HE sEE 4hs REg wiitolrt
(Cheng®} Crisosto, 1995). 78 3std 2 AXA =
¢ o 7)== PPOS}H vhdo = wAg T

NO7F 2ol Ao s A dotr 7] flste] HEofol A &g
sk PPOC N.OE Al FTHEE SASIY. 2 23 AirZ A A&
100%= Hoks wWl N:O+= PPO A& 50% o] oAlsts Ao= eyt
(Fig. 20). 10% &< NoOE A JstdS ol olv] thx=-¢] oF 52%= PPO €4 o]
Aasta, A Alzke] dojd4E PPO 42 AlE st 60 <t
e woll= oF 22%7HA o] "otk webA N.O7F dl= Absh whgof A

HqAow Hofste] g AT AMES & F Uk

HH Ny 9A] PPOS] E4S #HAaA7]E 2345 YepUAh 221y A Azt
of W& FFZ UATE o= NoF H| X ol=22 dF o =224 7IA7E =
Hol §A8] Absh AR HelolM 2 285 Wefsty] WEd Aew Azsta 9l
t}(Behnke 5, 1969; Ozdemir 5, 2004; Spencer, 1995). NoO G A] wj$- <-4 %
A=, o8} FAbE WA o m FAo AES Walste Ao® V|EI| = S

oA 3le Holol 4= NoOZ 559 cytochrome ¢ oxidase S0l @3 & Z 9

=)
rr

i)
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A% A, Gk 4kt whg-o WEjrh o el whuld
T AAY W dojds Hele AT vt EASHDong T, 1994
Einarsdottir®} Caughey, 1988). wW&t4 N.O= PPO&IE 2 HgH o=z 283 Ao
2 oded

o

1007 R = N0
I N,
~ 80
X
2
=
G 60
o]
o
o
2 40+
© N
- \
. N
20 §
o M :
0 10 20 30 40 50 60

Treatment time (min)

Fig. 20. Inhibition of PPO activity by 100% N2O and N.. The substrate was 1
mM chlorogenic acid (pH 6.5). Vertical bars present standard errors of the

means.

o =%l &4 oA

A2 e N.0O9 75 5 tEAQl o]l wFo] A AAolth. Apape} =,
D7l FolA N0 80% + Oz 20%9] Tz =ZAIZ S wl #3old o dH&
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Fig. 21. Effect of NoO treatment on rotting of strawberry after 6 days at 15°C.
A, treated with air for 48 h; B, treated with N2O 80% + Oz 20% for 48 h.
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Fig. 22. Symptoms of infected kiwifruit after NoO treatment at 20°C.
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Fig. 23. Light microscope observations on pycnidia and conidia of isolated

fungi Phoma spp. from kiwifruit.
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Fig. 25. Bruise development of peach after 3 days storage at 15°C. A, treated
with air; B, treated with N2O 80% + Oz 20% for 48 h.
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Fig. 26. Development of bruise after impact with a steel ball. A, treated with
N2O after impact; B, treated with N2O before impact; C, treated with air after

impact; D, without impact treatment.
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Fig. 27. Effect of N2O treatment on impact bruising of peach during storage at
15°C. pre-N-O, treated with N2O before impact; post-N:2O, treated with N>O
after impact; Air, treated with air after impact; control, without treatment.

Bars represent *SE.
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Fig. 3. Inside atmosphere of the chamber after 5 hr 200 ul 1 NO.
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Fig. 4. Changes in weight loss of 'Mibaekdo’ peach at 25C. After or before 7
days storage at 0C, fruits were treated with 100 pl 1" NO for 5 hr at 15C.

Data represent mean + SE.
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Fig. 5. Changes in firmness of 'Mibaekdo’ peach at 25C. After or before 7
days storage at 0C, fruits were treated with 100 pl I'' NO for 5 hr at 15C.

Data represent mean + SE.
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Time (days)
Fig. 6. Changes in ethylene production of 'Mibaekdo’ peach at 25C. After or
before 7 days storage at 0C, fruits were treated with 100 pl 1" NO for 5 hr

at 15C. Data represent mean + SE.
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Fig. 7. Changes in Hunter L value of flesh of 'Mibaekdo’ peach at 25C. After
or before 7 days storage at OC, fruits were treated with 100 pl 1! NO for 5
hr at 15C. Data represent mean + SE.
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Fig. 8. Changes in Hunter a value of flesh of 'Mibaekdo’ peach at 25C. After
or before 7 days storage at OC, fruits were treated with 100 pl 1" NO for 5
hr at 15C. Data represent mean + SE.
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Fig. 9. Changes in weight loss of 'Changbang’ peach at 18C. After or before
7 days storage at 0C, fruits were treated with 100 pl 1! NO for 5 hr at 15C.

Data represent mean + SE.
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Fig. 10. Changes in firmness of 'Changbang’ peach at 18C. After or before 7
days storage at 0C, fruits were treated with 100 pl I'' NO for 5 hr at 15C.

Data represent mean + SE.
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Fig. 11. Changes in ethylene production of 'Changbang’ peach at 18C. After
or before 7 days storage at 0C, fruit were treated with 100 pl 1" NO for 5 hr

at 15C. Data represent mean + SE.
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Fig. 12. Quality index of 'Changbang’ peach at 18C. After or before 7 days
storage at 0C, fruits were treated with 100 pl 1" NO for 5 hr at 15C. Data

represent mean + SE.
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Weight loss (%)

0 T T T T T T
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Fig. 13. Changes in weight loss of 'Mibaekdo’ peach at 20C. Fruits were
harvested at two ripening stages (commercial stage of harvesting and early

stage of harvesting). Fruits were treated with 100 pl 1! NO for 5 hr at 15C.

Data represent mean + SE.
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Fig. 14. Changes in Carbon dioxide production of 'Mibaekdo’ peach at 20C.
Fruits were harvested at two ripening stages (commercial stage of harvesting

and early stage of harvesting). Fruits were treated with 100 pl 1" NO for 5
hr at 15C. Data represent mean + SE.
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Fig. 15. Changes in Ethylene production of 'Mibaekdo’ peach at 20C. Fruits
were harvested at two ripening stages (commercial stage of harvesting and
early stage of harvesting). Fruits were treated with 100 pl 1! NO for 5 hr at

15C. Data represent mean + SE.
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Fig. 16. Changes in Hunter L value of 'Mibaekdo’ peach at 20C. Fruits were
harvested at two ripening stages (commercial stage of harvesting and early
stage of harvesting). Fruits were treated with 100 pl 1" NO for 5 hr at 15C.

Data represent mean + SE.
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Fig. 17. Changes in Hunter a value of 'Mibaekdo’ peach at 20C. Fruits were
harvested at two ripening stages (commercial stage of harvesting and early
stage of harvesting). Fruits were treated with 100 pl 1! NO for 5 hr at 15C.

Data represent mean + SE.

Immature + 100 NO

Mature + 100 NO

Mature Control

Fig. 18. Color change of 'Mibaekdo’ peach at 20C. Fruits were harvested at
two ripening stages (commercial stage of harvesting and early stage of
harvesting). Fruits were treated with 100 pl 1" NO for 5 hr at 15C. Data

represent mean + SE.
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Table 1. Changes in soluble solids content and pH of peach at 20C. Fruits
were harvested at two ripening stages (commercial stage of harvesting and
early stage of harvesting). Fruits were treated with 100 pl 1" NO for 5 hr at
15C.

Soluble solids

Holding days Fruit condition pH
contents

2 Mature Control 1253 a’ 447 a
Immature + NO 100 12.30 a 454 a
Mature + NO 100 12.20 a 437 a

6 Mature Control 13.83 a 447 ab
Immature + NO 100 1270 a 430 b
Mature + NO 100 13.07 a 450 a

"Mean separation within column by Duncan’s multiple range test at P = 0.05.

X
)
©
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©
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o Mature + NO 100
A Immature + NO 100
1 (e} Mature Control
0 T T T T T
3 5 7 9 11

Holding days in 20C

Fig. 19. Changes in quality index of 'Mibaekdo’ peach at 20C. Fruits were
harvested at two ripening stages (commercial stage of harvesting and early
stage of harvesting). Fruits were treated with 100 pl 1" NO for 5 hr at 15C.

Data represent mean + SE.
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A AES AAEAT. 1% NaClOogt 70% ol gh-g-o A 24z} 30%3r W3k ohe
e ol &ste] Akl AA AEEn. A%d YAAE 15% water agar
wj <Jol] wjkslte] wFolE WA T WS HALE Al PDA HiAel] 2738t
Atk PDA wiAlel A WA H FAME = e PDA WiAIE &3 ¥ Nost NOE
Ag stk NO w%E 200pl 11 NO9F 500 pl 11 NOE Al atolct Aewye
WAl NO M wfjel sde WHS ol &t Me F Alxb A uwpet
A4 colonyd A74e A= Ao dEdlI ojibsteie B 2HE 1

Aog7le] Fa 3z BH Azl F el FHE 7b=g GCE ol &3te] FIDst

W FIE WMFH el SRAATh FFol WY

4

H
© ar)e sz B F gwe AAS] ¢

o}.i
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TCDOIA 2+7; =3k T

2. 47 2%

al
FAlolt. 7191 ¥4 & climacteric i}"‘ olv OColA 4-671<4 U}X] A Aol 7}53he},
gy F3 F AAoly FEFel FHo] AdH e Al ded, 4L v
o dEdle x=EFHAE AA Astrt o] FA XY (Arpaia 5, 1987; Mitchell,
1990). & A= olds ZAHEES AAst 7IHE 5 T HAEGS FES
Ask7] f1e A A A E A

7HIAE AFE 71934 S o188 47

Z27149L 7199740 NO9 A& 7HsAS selshy] lsia AAsdct 2
ol o] &% NO9 ®%+& 200ul 1! NOolH, tjz9 ulwstdrt 18TeIA A
Aok Fe N1 FAEALE dERFAA AR 29 ol 1.3% BE fa
W Aol A FA EAEY A BAHA FUuTh A 149w tix
ToAE 7% FAZE 3 = ekl 2y Aol A s A Ak
A dxzTel sl g ol FUAHFig. 20). 71E AToAME dejtE
NO Az A $EEAS Zduts Bay) gt o= 94 NOd| oA 14,
Az, A7 o EE ddFEddA FAHEE S AAI AT dHetal o
(Ku &, 2000).

1 o] os e A5y F£53] WIFHEZ NO Hel7} o

A owAgel vAE 9%e 2R BRTIAE 49 F3t FRE o Hlol
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WA T e 6URE ogde] wao] Z7E] 7] Al =]
Ak A 129 A Fole ek wke o= u
NO7} ojgale] HAS Asgs g & F i, 7|9~
d ¥ e FE A A% MeAe AN AthFig. 21). ©]4ks
< 200 pl 1" NO Ag oA thzTol ua] 2 o] skrh(Table
2). NO A&+ A% 124704 A 2719 o]ibsteta HAZFS FAet=H &

$7b gl NO® #AFe] Gor] FuLnst e sAE ol olud 44

ox X I pZ gl
1o to = o
imﬂn@
Mo xR oy x
N
By e
mlm_‘m
4
o
b K

(o
[
i
ox
o
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ol whE A7 el AENE 44 FaHelst: 5AL AXn vk wd
AEEo A vloleEeolel e Ay 27lRsd g mA ad4 2
RHow weoERseole] A5 ANAA TFol IFL

1997).
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=
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O 24
=
O |
T T T T T
0 2 6 8 14

Time (days)
Fig. 20. Changes in weight loss of 'Hayward’ kiwifruit at 18C. After 1 month
storage at 1C, fruits were treated with 200 pl 1" NO for 5 hr at 15C. Data

represent mean + SE.
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Fig. 21. Changes in ethylene production of 'Hayward’ kiwifruit at 18C. After 1
month storage at 1C, fruits were treated with 200 pl 1 NO for 5 hr at 15C.

Data represent mean + SE.

Table 2. Carbon dioxide production of 'Hayward’ kiwifruit at 18C. Afterl
month storage at 1C, fruits were treated with 200 pl 1! NO for 5 hr at 15C.

Carbon dioxide (ml kg ' h'!)

Treatment

7 day 12 day
Control 12.89 a* 1359 a
200 ul 11 NO 572 b 569 b

"Mean separation within column by Duncan’s multiple range test at P = 0.05.
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Y. 3ME AFE 71934 E ]88 43

Aol NO9| 719134 & Al AE7Hs4
S Fdsta, A7l A 9 A= IS %‘f‘ﬂ’é}ﬂ ?lskel 37hE A

dE 7191 HE S ol 8okl A 2 Aol o]&¥ NO9 X% 100, 200,

.o g
NO A& A AW Wi 4xE AAG7] faiA A& en, NO9 vE&
D]—ﬂﬁl—

e
A
o

a5 7 =
94 oby™ Nyo #EAXE Belsly] e xT2 2833
¥: Z A9 HEE 100u 11 NO Aol A FA &20]
Tob OE FE9 NO Az Folds gago] vt o
g AR ANEeE ta Zert doy, A vgte] A5E
]E

[e)
pal =
e A FE So]l A dojdn= AS BoFa tk(Fig. 22). 130
=

=

APES vas] B9 FoF 100ul 11 NOolA =e wbd 200ul 11 NOStH
500ul 11 NOolA &= g o otk A% Al7] 393 999 ojdal HAES
s B 3Uolis BE ATl A mnskA gl 99 A3 Foll= FEE o

E wolx 9tk 53] 200ul 1" NOIA LA Fo] 7H4 wrekw
N», control <=°]th(Fig. 23, Fig. 24). A =5 ®lus] B 2+ 25 A%
Ae7h Ao HEA F435 AstE Ak 18y NOAE Pl s 69744 BTt
= A" T, 200ul 11 NOS A9 & A FolAE 9dd 25 Hwr}
A= ek 200ul 11 NOE 997kA] 8N o] 42 fx8kar 9%l tH(Fig. 25).

SSCE Hlws] el thxT9k 500u 11 NO2 A3t7F -5 o] SSC #hol &4
Leb7k= wbd 200 1! NOSIA &= 99 o] 744 % 12°Birx W] & TxmL A
skelstk ol th(Fig. 26). A% 109 A7 F 7197l @ol gf=o Ax F e
9 SASATd FAEe Aitds froAdl HelE Holx gt
o] Aol ¥ TEE NOE HAestdets, 719740l wol FfEe U
EouEw dgadt ofud ¥ mAL Fuve AL oW dTHFig. 20).

71919 A% T wel 2= A wFolE wgstel NO A2 F colony
of A& Felatdnh A 2874 dizol HlsiA NO Aol Al go] W
*—301 AAJh HEzTE 19 43 Fo= 2cm ©]4 74 colony”F 717 ¥ 200ul

P'NOSF 500pl 11 NOoI A= Z+2F 12, 1lem7bA] A &stddch 39 A3 S

h2=ToNA colonye] Z7|= 7H4 HAAG g2 A Teb o7 Aol HolX
okt 2 Ade Ades NO Aol ofsix FZFole] WS =4 Atk

4>
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ool AE F3ta] W 7]YAe] NOZ AHeAZ o 3719 AL AR
= 1Y AFE A BE o] & Aol ddde] WS ﬁxﬂé}—t— Aol &34
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Fig. 22. Changes in weight loss of 'Hayward’ kiwifruit at 18C. After 3
months storage at 1C, fruits were treated with N2 and 100, 200 and 500 pl 1!
NO for 5 hr at 15C. Data represent mean + SE.
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Fig. 23.

months
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Time (days)

Changes in ethylene production of 'Hayward’ kiwifruit at 18C. After 3
storage at 1C, fruits were treated with N2 and 100, 200 and 500 pl 1!

NO for 5 hr at 15C. Data represent mean + SE.
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Fig. 24. Ethylene production of 'Hayward’ kiwifruit after 3 days or 9days at

18C. After 3 months storage at 1C, fruits were treated with N2 and 100, 200
and 500 pl 1" NO for 5 hr at 15C. Data represent mean + SE.
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Fig. 25. Changes in firmness of 'Hayward’' kiwifruit at 18C. After 3 months
storage at 1C, fruits were treated with N2 and 100, 200 and 500 pl 1" NO for
5 hr at 15C. Data represent mean + SE.
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Fig. 26. Changes in soluble solids content of 'Hayward' kiwifruit at 18C. After
3 months storage at 1C, fruits were treated with Nz and 100, 200 and 500 pl
1! NO for 5 hr at 15C. Data represent mean + SE.
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i

O T T T T
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Treatment
Fig. 27. Ascorbates contents of 'Hayward’ kiwifruit after 10 days at 18C.
After 3 months storage at 1C, fruits were treated with N2 and 100, 200 and
500 pl 1" NO for 5 hr at 15C. Data represent mean + SE.
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Table 3. Diameter of fungal colony of 'Hayward’ kiwifruit at room. After 3
months storage at 1C, fruits were treated with Nz and 100, 200 and 500 pl 1!
NO for 5 hr at 15C.

Diameter of fungal colony (cm)

Treatment

1 day 2 day 3 day
Control 1.8 a* 51 a 70 a
N 15 ab 47 a 6.2 a
200 ul 1" NO 12 b 42 b 6.2 a
500 pl 1" NO 11b 42 b 6.0 a

“Mean separation within column by Duncan’s multiple range test at P = 0.05.

- 185 -



A 548 ‘1’ @Yo "X &= NO9 9

1. A8 € 3y

v 5kl ®o)o] w = NO9 dae shelsha, A
AL Folay] 9aiA NO9 HA B AAI A7rAAL] T 71x] A3 o)

3 Z9F 50, 100, 200, 500ul 1' NO *
NO A7 A7+e 2, 5 1041+ A3 s

L& ol &3tda, A Ak 44

747y Al5E 18T AFstHA #4245 vt A &5 FAELE, o
gl A Y &Y, AEWs, AW g3 HAES Ao, o) A
s Tt HA =0S GHeEAH. FAMS s A% 71bset 27 FAl
ok RS MEEE Jely, d5s JER9E HEA(TAXT2, Stable

il

Micro Systems Texture Technologist)E ©|-&3le] A8t #Fo] A ELS
T Y IRl wigh F3o] AE =5
index= <ol whal] 5 dAR o] 23oly st tHG=very good, 4=good,
3=fair, 2=poor, 1=very poor). ¥ 3}:= Minolta CR200 colorimeter=
] Hunter L, a value, chroma, hue angle® YEIYATE #Fo] HAEL2 3
o] &H F =7 JiFel tigh #Fo] IddE @y eE WHESS ZVIEACH

AZ2h =AHL AE F 0209 AEE NN-dimethylformamide 10mlo] %o <t

MNEe MBS FASY I, quality

].49_ ]_oﬂg

ol 157¢ FAAZ ¥ Asds A sto] spectrophotometer= A3 AT =
A 0D #e Inskeep(1985)¢] ]S o]&3dto] 249 FEE A4ES
ogalz ojistebswe S 11 D R7)o] W 3AF DHAZ T Yo

=49 7t=E GCE ol&3te] 77 TCD(thermal conductivity detector)<}

FID(flame ionization detector)oll 4] 7 &3}

2. 944 A7

7] = nonclimacteric T o] ojd#:Me Fao] MHA MWl A JIFS
n 2] vk @] A Ui odrle] AL wlg vtom, AdaswA iyt A
2 A autocatalytic ethylene production 2% %] ¢r=t}, 284 odadS &7
e Al 83 &S VA =d dstsE FAANNAY, AGdS oFetA st 9
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Qo] Ak B ATNAE @ AFHS YA A NO 48 AP
AAsgn mA @) Nool i@ AH FEE AYsy, NO A Aze #
2 shsiet

’ (<] =
200ul 1" NO A&+ 01]A1—E )2 a 7
1

=
of ZA F7hE Ae gHel Ao s Fdol F43 A5 zle] Aol
EE

2
B
o
o|\ i)
A
>
4

NO fﬂﬂ T ooldbstets WAES AHEY, dETdAE 9ml kg hr '7HA
ojtste At A E AT NO wxHd By 1EEe NOE Agd 7
S0l = dE2FROE olitgte s A ES AAR AFkd HadE a9t A
Atk 50, 100, 200l 1" NOolM & 447b4 2ol 3ml kg ' hr' Wz 2L
A& & 5 Aok WEbd NO9 HEs 3F5E =& 97 28 A §48 Ao
2 Relth(Fig. 29). €@ v e wusA gt gzt s 29 #Aabyg g
A 7] A Fethr 3o 925wk 500pl 11 NOS % A A% o] Aks}
Bhaol W)S2e Y4S wolw 4de] ¥ AES welth e 200ul 11 NO o]3}e

TLoAE ded wAlo] A zx3d AoR BAvHFig. 30). Nonclimacteric 3¢
G7]o] gz ol odHd wAe]l Btwl A FFol WAy Awxo A7
4 9t} Fig. 349 o] AL E Auuy 29 A3 FRE Py Az
steh o] Al7]E dlZFellA ddwl wAle] FrbE A AT FFolE 4
9 np7A 2 71 2R RE ogdlS gtk Egk A EAE el
dE Fotol= oddo] ol AP AT (Chague &, 2002).

Ax WAzlE gRTolAE 045Nl 03INe & fHAasto s 7hAhol Zo] 7}
4 AT A 2d Adl= dE2TF, AT BF fFoAh slthrl, 3YRE Aot
U7 Alztate] 498 2 Aed zolzh g 2k 49 A3 Sl 200u 11 NO
Aol 7 = vEboy, 100u 11 NO9H o4 Aeolrh slltH(Fig.
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31). 719 MWstE #A#AsE & chroma #3 hue angle® 3%7]3F% . Chroma
Y A kel AA dix AFelA #9A AEdFE HolA Feth(Fig.
32). 24 hue angleZ 200ul 1" NO g 7% 2713%tS A% b2 Tl
A ZAasgldh ol 200u 11 NO Agute] el @7 A4S fA3 AL
omstn, & FelA = E7]9 FE& Mol HojA= S EAtHFig. 33). ©l
2A FoAA = dAdo] HAHY B9 AEAo] 943 Astdnh. ®7]= 18T
A 29 AHEE gxzFolAs FFol7t BAFHAUT o]ed FrhE 3U7A
AZEt7h 496 60%7HA4 wgo]l B E] F7bakglth 50, 100u 11 NO A
2l 2974 o] Aol gltivl, 3AARE AT AlgEe] 4] H
B 9=2E ®Bvh 2y 200u 11 NO AE] el AE F3o]7h s =] gk}

(Fig. 34).

D7l A NO9| &¥e 53 £wxe AW oA 7|=d gdsdth =
TFolME 39 Ay FHE Zwy o] HAF A, 5oom ' NO 2%E%9 NO
B A 2710H AWade fESUn ot aEE NO A &M 9%
27F g | Aom HeAth oledt A= VT BRFHYE o] &g AFdA
E oHeld A4 FEY NOL Axfdd 454 nish: 98¢ FU849

=k,
CHLeshem &, 1998). 95249 NO9| @Al g = & A7+ NO T4
=29 sodium nitroprusside(SNP)E o] &3t Ago|t} #HAT 7EE 2
< G457 A A HARE SNP7F A A 5407 FAHO RN
224 BH3o @iz oldrh(Laxalt 5, 1997). 200ul 1 =3
719 Moz AL FAAAG(Fig. 35, Fig. 37). ol42 ZA3}E Fgsle] B
oA A wrlol HA i 200ul 11 NOolH, Ho) 54744 A %e] 7}
%1 tH(Fig. 36, Fig. 37).

olr
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Fig. 28. Changes in weight loss of 'Yukbo’ strawberry treated with 50, 100,
200 and 500 pl 1" NO during 5 days storage at 18C in air. Data represent

mean + SE.
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Fig. 29. Changes in carbon dioxide production of 'Yukbo' strawberry treated
with 50, 100, 200 and 500 pl 1 NO during 5 days storage at 18C in air. Data

represent mean + SE.
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Fig. 30. Changes in ethylene production of 'Yukbo' strawberry treated with
50, 100, 200 and 500 pl 1" NO during 5 days storage at 18C in air. Data

represent mean + SE.
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Fig. 31. Changes in firmness of 'Yukbo' strawberry treated with 50, 100, 200
and 500 pl 1" NO during 5 days storage at 18C in air. Data represent mean +

SE. Mean separation within plots by Duncan’s multiple range test at P

0.05.
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Fig. 32. Changes in chroma value of 'Yukbo’ strawberry treated with 50, 100,
200 and 500 pl 1! NO during 5 days storage at 18C in air. Data represent

mean + SE.
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Fig. 33. Changes in hue angle (°) of 'Yukbo' strawberry treated with 50, 100,
200 and 500 pl 1" NO during 5 days storage at 18C in air. Data represent

mean + SE.
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Fig. 34. Rot incidence of '"Yukbo' strawberry treated with 50, 100, 200 and 500
pl 1" NO during 5 days storage at 18C in air.
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Fig. 35. Chlorophyll contents of 'Yukbo' strawberry treated with 200 and 500
ul 1! NO during 5 days storage at 18C in air.
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Fig. 36. Maximum shelf life of "Yukbo’ strawberry treated with 50, 100, 200
and 500 pl 1! NO at 18C in air.

‘t-ﬁnf\
“n:iw

Fig. 37. Changes in fruit quality (a) and calyx browning (b) after 4 days
storage at 18C in air. A, without treatment; B, treated with 200 pl 1" NO; C,
treated with 500 pl 1" NO.
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U4 NO F7 A8 Azt 2%

NO g w5 nus Fa @7]of 2 NO 5%+ 200u 11 NOYS #Helsta
< gl ARS Fdstun Aol A&E A 2 5

g Foll 18TolA AetdA F4S AAedn. #A 7%
o] o Fol ZolEoen, oA Tt
¢ AeA veutth(Fig. 38). £F S 79 73‘“0r A7 5LA 8%7HA FIHE
Bl Wb 10412 Aol A= 3 DA A g 24
oAl el FTEF el AaEY 10A13F ﬂﬂﬂ b 237 F %t (Table
4), 71 "@7)E o] &3 AFE=E £ 1-methyleyclopropene(1-MCP)& o] &3 A
T 2 2Ady FAAel dth 1-MCPE dE#de 48 JdAAI = 4
=0t FH M= fFAbsid 18y 1-MCPE

71l A& Al TFC oW FFE W XA Hepal, wEbd A SR &

$7b gieke Aol JekKu 5, 1999). 12t NOE o &3 ¥ Ao A= &

X
=
fru
Ho
N
ﬂ
ﬁ

i A

S Zoled gYd a7t dE RS sk o] Fiel #HIA = FU
A2 o]l A7 e F-H T

avjztEe] B71E A" Al 7bE FaAlske AS Aol ol& gelar] 9
A AMAAE ol &ste] Hunter L #3 a #ts SAsIA dx++ A 4
7 Aol wel e wrlE YERd= Hunter L ghe] s o, 10A17F
A FeAs A 71bset 271 gs FASATH Hunter a 32 A7 49
A Akl mebA] xzTFolA s HAE HolARh A FelA = =4 FAEHU
o} oolE Fdo] FA FAHATE AE s} 2y A 7)7HE kel = b

2, AT 25 W7k gl th(Table 5).

wFolE 59 A Fol BAHAoH T = 57.1% TAE ¥hE NO A
ol A= 30% WA tH(Fig. 39). e FHAE 0-52 FXx38lsle] F Als F
FEE 2 AS WMEEE FASIATE 2417 5AIFE AP oA F-e] FA
UEbE T ey 2417 HE e ofabstebA WA eFo] ol &8 o] SAIRE A
gEth Atk 10417 A Te 2AMGE BFdA AY £ AdE HolAR F
A WolA 39 A FHE F43] At rh(Fig. 40). olx= NO A Al #vjof
A wEY AT wWZel FHo Ayt dAdvn AZEh ey o4t
steba HAF g FAEA] & Ao HlEA A JERgEAel disiA e
oAl Hr
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ol AvE FHW NOE B/lol A& A AFH Fojol ErH oy
A FRE 200ul 11 NOolx Ag A7+e 5A17+S Agstes Aol &4 elth =
st @7l NO Ag] Al 7 &35 & & AW S &5 2o Avs
AA g Aottt & AFoA = E7]A NO| AE4ES AFAAT, s A+

AL BF 2w oA AUA g e A7k T d,

—e— Control
12 4 —&= 2hr
—&— 5hr

—w— 10hr
10 A

Weight loss (%)

O T T T T T
1 2 3 4 5

Time (days)
Fig. 38. Changes in weight loss of '"Yukbo' strawberry treated with 200 pl 1!
NO during 2hr, bhr or 10hr, and then stored at 18C in air. Data represent

mean + SE.
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Table 4. Carbon dioxide production of 'Yukbo' strawberry treated with 200 pul
1! NO for 2hr, 5hr or 10hr.

Carbon dioxide (ml kg ' h'")

Treatment

2day 3day 4day Sday
Control 42.37 a” 61.68 a 70.28 a 71837 a
Zhr 33.66 b 4790 b 4790 b 64.17 ab
Shr 3312 b 43.57 bc 46.25 b 47.62 bc
10hr 2547 ¢ 38.78 ¢ 37.86 ¢ 35.85 ¢

"Mean separation within column by Duncan’s multiple range test at P = 0.05.

Table 5. Hunter value of 'Yukbo' strawberry treated with 200 pl 1" NO for
2hr, 5hr or 10hr.

Storage time (Days)

Treatment
2 3 4
Hunter L value
Control 39.15 ab” A 3765 a A 3515b B
2hr 3861 ab A 38.09 a A 3875 a A
Shr 40.59 a A 40.07 a B 3727 ab B
10hr 3653 b A 3420 b A 36.82 ab A
Hunter a value
Control 33.68 b A 3219 b A 3223 b A
2hr 3543 ab A 33.38 ab A 35.05 ab A
Shr 3706 a A 36.38 a A 3563 a A
10hr 3442 b A 33.78 ab A 35.15 ab A

“YMean separation within column and row respectively by Duncan’s multiple

range test at P = 0.05.
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Fig. 39. Rot incidence of '"Yukbo' strawberry treated with 200 pl 1! NO for
2hr, 5hr or 10hr, and then stored at 18C in air.
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Fig. 40. Changes in quality of 'Yukbo' strawberry treated with 200 pl 1'' NO
for 2hr, Bhr or 10hr, and then stored at 18C in air.
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2 NoO9] 78 Ax7F 2 vebdrs AFde] BrE A tH(Qadiret Hashinaga,
2001b).

Al 24 Ao &k NO &#& A7

NO+= free radical gas®XA A& A oA NO2o &A1 FF¢ EAd #HE
= Leshem(1996, 1998)@} Leshem ¥} Haramaty(1996)ol 2]3lA] <k <loA] #
o 27fE S 4 A2 dEREGE ¥ B2 o] NOE W= oe
T4 21 aminocyclopropane-1-carboxylic acid(ACC)2] A&+ NO% ogd =
the] BAS FXAF ow, olgd TR s S A=Al odale
gL NOol oafix x=d"d + Utk AS 9w dH(Leshem® Haramaty,
1996; Leshem . 1998). 7ha, &, 93 22 A 2E S soll 4247 ¥
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24 Zg3tes S on st (Leshem® Haramaty, 1996). 234 o2 NO+=
A EA ol A B 2Ew 2o dA3st7] 98k §HE-<l ‘general adaptation syndrome
(GAS)'WFE¢] aqld & Att= AS AA g
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