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Abstract

This study was evaluated the effect of 1-methylcyclopropene (1-MCP) treatment on fruit quality of ‘Fuji’ apples
during shelf life condition at room temperature (RT) after cold storage. Fruits were treated with 1-MCP at 0, 1st,
and 2nd day after harvest, stored at 0C cold storage for 3 months and assessed after 10, 20, and 30 days in RT
shelf life condition after cold storage. After 30 days in RT, flesh firmness of untreated fruits was decreased to
45.8 Newton (N), while all of 1-MCP-treated fruits were maintained at 61.8-64.3 N. Internal ethylene concentration
was sharply increased to 177.93 pL/L in untreated fruits, while it was inhibited by all of 1-MCP treatments at
0.74-3.06 pL/L. Titratable acidity (TA) was decreased to 0.19% in untreated fruits and all of 1-MCP treatments
slowed the decrease of TA at 0.24-0.28%. The soluble solids content / titratable acidity (SSC/TA) ratio was gradually
increased in untreated fruits, but it was not significantly changed in 1-MCP treatments. In addition, lightness of
fruit peel color was maintained greater by 1-MCP treatments. Therefore, the results suggested the storability of
untreated fruits was limited to 10 days in RT, but 1-MCP treatment extended the storability of ‘Fuji’ apples up
to 30 days in shelf life condition at RT after cold storage.

Key words : apple, 1-methylcyclopropene, internal ethylene concentration, firmness, simulated marketing
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‘B2)’(Malus domestica Borkh) A= U] 9 AlME
FTOo = AT AJikgo] 60% ol AFA|SkL glom,
I EAL Gr = 14-15 °Brix, AFE = 0.3-0.4%=2 A0|e}
A7/go] fpote] A7 AEE IR o-&E L Qirk 1
05 A A= FujollA 8 & d7ir] HEs] A
oA FEE A= AL ARRESOI7] % stk ey &

» AERE AgAgo] SRR, A A & AF20lA fE
73 4 APyt WAkl it YukEoE 5] Al
5 7 34709 Fx A48 & §50] =7] ARt
, O] A7l 38 AE ti7]9] &7t ASoHA HER 3t
Alo] A 20| LZr]o] IM0] FAMT} HiEA] dojdtt. o]
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7tok= Aol F Q1o d=A|AL Qlo, olE dfdsr| L5t
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(I-MCP)E &5A]2sto] ] A S FAIAZIAL At
(Park®} Yoon, 2012; Yoo 5, 2019; Yoo 5, 2020a; Yoo 5,
2020b). 189t 1-MCP+= ARKLim 5, 2009; Mattheis,
2008; Park 5, 2009; Watkins 5, 2010; Watkins€} Nock,
2012; Yoo 5, 2013; Yoo 5, 2019; Yoo &, 2020a; Yoo
=, 2020b), EUlE, vy, E<of, Z5(BlankenshipT}
Dole, 2003; Watkins, 2006) 5 T2 climactericsd I}19] of
g3l EY 25T AN, o] A= F A ok
5= =A FASHIA EES FASH o St 2
£ Ho|1 it} @AHA] 2HdEe] 485k 1-MCP Ag=
5 g AxRte =N 1 gakE A5k o, =Y
AR 57 e o] £ 171 ] A2t S
9] ol 5Oo= QI 48 Y AA| 27} o] Aol
ok E3F I-MCPE A3t tha A2A48 § fastHA 4
20 =EHo2H A FAVILE 2 StA ==t ol
23t A2 27|t wE THEE Halol tigh A= 1]
IRt AAo|tH(Kim 5, 2014). B8 ZA] ARe| 48
T 1-MCP AZA7|e} A2Ad & AL2R-8 77l o
Ao} F4Rsle] tigt JEATS Sdto] 11 7|E= AT
a7} Qlokar ek

weha & AFoAs A S % - 1-MCPE
Aoz Al719F 3717t A4 & A2(shelf life)o]| 4]
309 B2t Byt gsks IHEE HIkE ARSI B
ol7-8ol izt JEE AlFstrAr st

ERTET

SELUES

A% A S5 A9 710 AAEle] g gy
TA(MY) BHE THOR A7 QAT FUT U
Agalel TS 109 25%0] Setelgiet. Setat hae
S 3ol 2 71AE AAE e AL B A, T
71 W 300410 gO] ARG TS AlEslo] AAgHeCk

1-Methylcyclopropene(1-MCP) 2| % A&z
2] QA= 1-MCP(3.3%, AE"Y: SmartFresh™, AgroFresh,
Yakima, WA, USA)E ARESto] 2 G 9 8} 1943} 2
A & 77 APelglar, A2 A TS A2(2042T) 279
Hash AIES tgitt. Aexde Zhte] e g
HE F7olA 1 pl/LY] SER 4204 18A3F &5 AT
g & Agare] Jarstlch Ao AARRAL %
01T, FEEE 90%2 A6, AT & 462
TE 7Pote] A2(20£20)0A Bateln A1ES 35t
ok AR AE] IS ARolA 37N ARt 7, A

204 212t 102, 202, 302 §<F BN FAo| 5
(o)
=

T Be= A7 11 mm plungerS 2t I H=A|
(Fruit Tester, FT327, Alfonsine, Italy)S AR&5to] T A
Holl B E AAT &, I G 33 SAT g2 Hatoto]
Newton(N) 202 LJERAQITE A S8 3% 5 mLE 0.1
N NaOHE 43 ¥ Azhto 2 SHIsIelL, 7484 19
& 3FFS fA9Y T A|(PR-2010, ATAGO, Tokyo, Japan)
ol-gsto] Z7gstoirt. I FHFHAEE A=A 370
ST 52 7|0 = ARoA Byl 52t 15
o Wsle WEgT Uehjdr Tel MR A
(CR-210, KONICA MINOLTA, Osaka, Japan)S ©]-&35}o]
S5t o] 542 7719 TS IRHE0 2 Sl 21
Aol S AFgakck

e
-lO[t

U ol waE 2y

YA o2l YA (internal ethylene concentration, IEC)
& FApIE T B9 900] A1elsto] THIOIA 1 mL
gas A 25 A|F|St F flame ionization detector(FID)E #&+
S} gas chromatography(GC2010, Shimadzu Co., Kyoto, Japan)
£ o]golo] =451} EAAZXAL Porapak Q(80/100 2 m,
ol-gst3ion,
injector temperature 200C, oven temperature 90T, detector
temperature 200C 2 A3} 1L, carrier gas+= He, flow rate
+ 25 mL/min® 2 Stic}. WA ofdwll WAy 7719]
AZ IHHE0 & sto] 21719 IS o s AAISHIH

Youngin Frontier, Seoul, Korea) columng

SA=EY

=
FARE 35k theh ATe] SARAS SPSS T2
(IBM SPSS Statistics 20, SPSS Inc., NY, USA)Z o]-&-3}o]
EAIt e &4 A3k el (mean)= TS Q2K standard
error, SEYE Fotlom, 7+ A W AG7I7E B2t Bk
Z}ol= Ol p<0.059A two-way ANOVA testE ©]-&
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Fig. 1. Effects of different application time of 1-methylcyclopropene
treatment on flesh firmness (A), internal ethylene concentration
(IEC) (B), and weight loss (C) in ‘Fuji’ apples during simulated
marketing period.

DAH, day after harvest.

All values are expressed as meantSE of triplicate determinations.
Different superscripts within the column are significantly different at
p<0.05 by Duncan’s multiple range test.

2A70] wE FA2] 4] A= 60.9 NojQlal, A2
& T A2AE 1094 Fofl= 55.6 NO& 4st7| AlAtsto]
30 Sojli= 45.8 NO= F40] faEo] A2fa Al THE
o] w2 Asi=lE AL SRIstch 18u BE 1-MCP
A2l IS B, A4 908 Fofl= 60.8-63.0 NO.&E
A2 I3t 2jolE HolA] ehgtoL), ALAY & A2A
A 30U FO = 61.8-64.3 NOE A2A% 259} v w5}o]
A&7t AASHA] AL B0 4R3-S FAISHSITHFig. 1A).

O] YA o gl A ER(Fig. 1B), 7412 T+

9] 79 224 90 Foll= 130.65 pLLE 2 HAFS
HAT, o]F AL 30U Fojl= 177.93 ulL/LE #1377t
o] dojAHA 43| S5t 12U B 1-MCP A2
TS A4 & AA% 3097H4 & 0.74-3.06 uL/L
2 e 22 A gl WS Hol 1-MCP7 o g7
S AAIsto] BHEEH0] fAlEE 23E Hoith 17
I A A7 |7 e S AES(Fig. 10) BE A
2] IHSolA A7l AofRHA F7ske Bk EI
1L, Aol whE 2joli= HoA] USIANE FA 2] BHAoA
& B2 TTHLES Hole Aol

150 AFATE B AR B9 £ wet A"
&l A ol Md-ACSITF Md-ACOI FA7L ]
o] 1 S =o] wt o g3l WA=l Ato|7} kAl Sk
THKwon 5, 2017). 122 W2 3}AoA] [-MCP A ZJA] 9
gdlo] 57t FAE ACS(ACC synthase)®t ACO(ACC
oxidase)E codingdh= ARl CM-ACSIT CM-ACO19]
THFE A AAFATIL 5HATHCha &, 2006). ARt
o] 1-MCP A= ofgdll =gA o o gzt FAA 2
& Zdeso =y mAo ogdll 28 AAIE Sl F7HE
ofgdl TGS FAAFH =N T H A4S A
ol= 9] A1}20|9] 0 m(Watkins?} Nock, 2012; Yoo 5,
2018), EJF A4do] oFet &5 AROlA = 1-MCP A2
Al AR717E 57t FA 2 aHAo) vlsto] ol dhigo] &
A5] AA o EZN w2 ALt A RS FAG 2HE H
FthPark 5, 2016). 18]11 Win 5(2019)% ‘Summer
King 3} ‘Green Ball’ AREZE0] 1-MCP *2|A] o€l
A= AAS] AR =N w2 ] s FAI5H
1, 1 ZAZ Az E5849] polygalacturonase 5-2] &
3 A 19} TAE AR AT Ao =M T
o] FAS FASIRTAL Btk T18 i A7 5t w9
FTHFAEEE Yoo 5(20202)9] Ao A ALY Al
£ 8 & I-MCP A Z5I0S W FA 219} H] st
32 STHAeS EoY, A Alte 1-MCP A
of W S-S Aol7t YIttaL skt 123 Win &
(2019) 9A] ‘Summer King” A= 1-MCP A ZA| S
280] Zpo]7t QIS ‘Green Ball” A= tha JA| =
BIE Ho £330 et SAE0] vAs 9% o
Zpo]7k Qe A= SRIE T whhA] “FA]” Altof A -
A B A2AP & AL =S5 104 Fol= 55.6
NO & ot ALk B FAIEHFAARE 2097 302 o] 50
+ 22t 52.1 N} 45.8 No.& Zasshal, A ofg=ie] Ty
L 14520 pL/Lo} 177.93 uL/LE 23] Z7}s5to] AL
A% 109 B=7t FaetAr =t e QUkFig. 1). 12
L 1-MCPE 585 29 ofujof] A2Js}aL, 9047t AJ-2A4%
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Fig. 2. Effects of different application time of 1-methylcyclopropene
treatment on soluble solids content (SSC) (A), and titratable acidity
(TA) (B), and SSC/TA ratio (C) in ‘Fuji’ apples during simulated
marketing period.

DAH, day after harvest.

All values are expressed as meantSE of triplicate determinations.

Different superscripts within the column are significantly different at
p<0.05 by Duncan’s multiple range test.

2, 209 Fohe Hol7k Gkt 302 F 12.4%2 oo
73S Btk I=u 2E 1-MCP A2] IS AL2A%
0L T 13413 6%T, ALAY T LAY 302 F 9
Al 13.6-14.0%= HSIE Holz] QIoktt. A gefo] Hisis H
B(Fig. 2B), 90207F ALAFo] T B2 TS 024%
R, A2AT T A4 10, 209, 309 Foll= 242
0.22%, 0.21%, 0.19%= Az} ZAaslct 1834 2E
1-MCP H2] FHAIEL [ A% 902 T 0.26-0.28%5 T4
2] IHAT} Blwsto] =2 At SRS YERfQlom, A4
5 ALAF 30Y Fo%E 0.24-0.28%F =2 Ab S Ko
IHEZo] FAE QUL A MSk=(Fig. 2C), FA ]
TS AA & A2A717t0] dojAaA AF o
A= Qlsto] A&EH o= F7F6IAL, BE 1-MCP A 24
S A7 51t A W3k} nju|sie] 1HAlY] BhE
A= AFS Bt} ‘Mclntosh’ @} ‘Empire’ Ak 7
%, 1-MCPE AsIoi= o % o7/id & 7184 13=
o] Wslke IIA(DeEl 5, 2016), = ARt 52
‘Summer Prince’, ‘Summer King’(Yoo 5, 2020a), 18|11
‘Hongguem’(Yoo 5, 2020b) AR} 5% 1-MCPE AZ]51%
< o A7 B2t 718 =] Rk A7t glgit
T2 AREH o Al 32 =8 ok 5.5 9 o=
A 22 iAol A&EHA frl4le] IR 28571d
2 olgslo} 4F §o] 24sp] B, 1MCP H2)7} of
g8l B8 SFEZ ASH] AR Y] HAE AAAIR]
o} 5} tHRupasinghe 5, 2000; Toivonen¥} Lu, 2005;
Yoo 5, 2020a; Yoo &, 2020b). TSt ‘TR, ‘T&°, 2|31
2T A} 9A 53 T 1MCPE A2age 1) A1
B9t T 4t St ALt A fAEE AdE Bt
(Lim &, 2007; Lim &, 2009; Yoo &, 2013; Yoo &, 2015).
127 eI ek el Ak oA] Rje) Tl A
717t &% GARZE ST o, 1-MCP AE TS
A gl Wists oJAlslo] Ao wispl ot ghale) 4
AE7F GAE QT 5H9TH Yoo 5, 2020a). ‘T2 Al
AE 1-MCP A2] SAES A7IKlo] Azelol 7184
TPEA 4 obeFe] WSkt A Q] Qlof wHae] Am|7E FAE
of the ATokE FUT AnE B

M 2 A A e

At S-S A7I70] ol o] Aslt A%
) 3] digt Wslr) Wk 297k Sk wehd A
A7t B FA" o] Tk Me] WstE xAseIth
(Fig. 3). T19] WI(L*) H8R=(Fig. 3A), 54 7p9]
T AeAA 909 T 3622 1-MCP H2] 5] ulsh
of Yok, A LA 7 307 ALALIE 1 @A 37.5
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Fig. 3. Effects of different application time of 1-methylcyclopropene
(1-MCP) treatment on peel colour variables (L*, a*, b*) in ‘Fuji’
apples during simulated marketing period.

A, lightness (L*); B, redness (a*); C, yellowness (b¥).

DAH, day after harvest.

All values are expressed as meantSE of triplicate determinations.
Different superscripts within the column are significantly different at
p<0.05 by Duncan’s multiple range test.
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A7 30U F HE A2ElA AlolE Kol gkttt I
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o1 WA IS, AL AR B2 TASH oL
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FchMattheis 5, 2017). 124 Blankenship} Dole(2003)
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ol lou, FFo e A7t Qe ALE HiEal Ql
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Fig. 4. Correlation coefficients (r) between fruit quality attributes
of ‘Fuji’ apples by different application time of 1-methylcy-
clopropene (1-MCP) treatment during simulated marketing period.

The red and blue colors indicate positive and negative correlations
between fruit quality attributes, respectively.

TA, titratable acidity; SSC, soluble solids content; IEC, internal ethylene
concentration.

Asterisks (* or **) indicate statistically significant correlation at p<0.05
or 0.01, respectively.



Effect of 1-MCP on fruit quality in ‘Fuji’ apples during simulated marketing period 323

T IAEA S A7 FE 9eloz Zgske WAl
& ARFO] 49, SRS I AT Bt AR S
7Fohe =2 A9 AAI(=0.6927)E UERIcE v
g 5 A0 RS AR EAY &
Q191 Ak 9 Al 37F] A9 A7 |7t Bt IHdE-o] A}
Zastol yAolddl B B2 Ho ATTA(HE
r=0.862", AF FeF r=-0.781")2 YERHIL}. gk zh] v
9] AL, 39 FAEA g9l Yo ATIAE e
3, Al o] B9 AR 5t HSh L TEE A
ool IAEA QIET ATIAS YERYA] Yottt o=
AA717E <L olgdl ARt 9 IMIELE(HE, AF g
F, SHLAE) 7o) B2 ATEATE ERIEY, olF 55
2717 Bt FHalo] EAHSIE ddels 8 A HE A
85 2= 9tk o] 9] (Yoo 5, 2020a; Yoo 5, 2020b)
o st AaE VeI
ool AIE Fgel BH, ‘FA Ale] A4 F- A
Z HBA RS S HeliME AT T2 90Y
2 AR & A2 f571%R 1098 Fert A7 1ekar o
=Y, 1-MCP #2] T2 A% & AFL 4575
30Y7HAE AEAo] RIS 22 TRE I

o Ok
g = =

B ATE FA 3G 529 T 1-MCPE 58 9

2 531 193} 29 3 Hstglet. 12 3Lt AL
& T T A20lA 10, 202, 309 BT AFsPEA IHAE
A e 2ARE F5t0] frsol ditt JEE AEstaiat siok

>

o}

X
N

Jtoll w2 FAje] 3Mo] Hre Ay F A
109 Foj= 55.6 NOZ 7+4sl7] Al&ksle] 30 39
NoZ F#3] ZAE o, 1-MCP A] FHES
ZA0A] 61.8-643 NO& =2 ALE Bt A o
2 TR A AL, AA F A2 30
= 177.93 pLULE F243] 37151901, BE 1-MCP
A2 A AL2A 309 FoE 0.74-3.06 pL/LE Hl-$-
R o el AR Bt At SRk FA|E] THlo] 49
AL AZ 30 Tofl= 0.19%2 Ao 1-MCP A2
IEL ALAH 309 Foll 0.24-0.28%= =2 Al HF
< HGith A= A A2 A7 B3t WAt 5t
Sto, 1-MCP A2 IS 79| Hsh} ¢lgict. 1=
3 7o) = 1-MCP A2 ZHof ARt Fxj2] pAo] H
Sto] EA AR AT A A AREe] FA T 90
U ARAE & A2 §-871%E 109 Bt eA7]0l1a,
1-MCP A2] T2 A4 & A 57132 30971
T ARl fAlE: Zo® wEgIch

N
nooX
i

S,
N 50

[
2

T

we ud oft rir
o{, l‘ﬂ_'-l“ il

mﬂ'.

o

ofl

3
rlr
i —
fo 3

Conflict of interests

The authors declare no potential conflict of interest.

ORCID
Jingi Yoo https://orcid.org/0000-0002-0656-6385
In-Kyu Kang https://orcid.org/0000-0003-3851-1546

References

Blankenship SM, Dole JM. 1-Methylcyclopropene: A review.
Postharvest Biol Technol, 28, 1-25 (2003)

Cha JH, Hwang BH, Lee EJ, Lee GP, Kim JK. Effect of
1-methylcyclopropene treatment on quality and ethylene
and ethylene production of musk melon (Cucumis melo
L. var. Reticulatus) fruit. Kor J Hort Sci Technol, 24,
452-458 (2006)

DeEll JR, Lum GB, Ehsani-Moghaddam B. Effects of
multiple 1-methylcyclopropene treatments on apple fruit
quality and disorders in controlled atmosphere storage.
Postharvest Biol Technol, 111, 93-98 (2016)

Kim KO, Yoo J, Lee J, Win NM, Ryu S, Han JS, Jung HY,
Choung MG, Kwon YD, Lee DH, Kang IK. Effects of
1-methylcyclopropene (1-MCP) and polyethylene (PE)
film liner treatments on the fruit quality of cold-stored
‘Gamhong’ apples. Hortic Environ Biotechnol, 59, 51-57
(2018)

Kim SJ, Park YM, Yoon TM. Perforation adjustment of unit
package for ‘Fuji’ apples during short-term cold storage
and export simulation. Kor J Hort Sci Technol, 32,
184-192 (2014)

Kwon YS, Kwon SI, Kim SA, Kweon HJ, Yoo J, Ryu S,
Kang IK, Kim JH. Estimation of storability for Korean
apples (Malus domestica) using Md-ACS! and Md-ACOI
DNA marker. Korean J Food Preserv, 24, 891-897
(2017)

Lim BS, Oh SY, Lee JW, Hwang YS. Influence of
1-methylcyclopropene treatment time on the fruit quality
in the ‘Fuji’ apple (Malus domestica). Kor J Hort Sci
Technol, 25, 191-195 (2007)

Lim BS, Park YM, Hwang YS, Do GR, Kim KH. Influence
of ethylene and I-methylcyclopropene treatment on the
storage quality of ‘Hongro’ apples. Kor J Hort Sci



324 A= AFAGRENEA Al28d A3Z (2021)

Technol, 27, 607-611 (2009)

Mattheis JP, Rudell DR, Hanrahan I. Impacts of 1-methyl-
cyclopropene and controlled atmosphere established
during conditioning on development of bitter pit in
‘Honeycrisp’ apples. HortScience, 52, 132-137 (2017)

Mattheis JP. How 1-methylcyclopropene has altered the
Washington State apple industry. HortScience, 43, 99-
101 (2008)

Park HG, Lim BS, Park YM. Effects of 1-methyl-
cyclopropene treatment and controlled atmosphere storage
on poststorage metabolism and quality of ‘Hongro’
apples. Hort Environ Biotechnol, 50, 313-318 (2009)

Park JY, Kim KO, Yoo J, Win NM, Lee J, Choung MG,
Jung HY, Kang IK. Effects of aminoethoxyvinylglycine
(AVG) and 1-methylcyclopropene (1-MCP) treatments
on fruit quality attributes in cold-stored ‘Jonathan’ apples.
Korean J Food Preserv, 23, 453-458 (2016)

Park YM, Yoon TM. Effects of postharvest 1-MCP treatment,
storage method, and shelf temperature on quality changes
of ‘Gamhong’ apples during export simulation. Kor J
Hort Sci Technol, 30, 725-733 (2012)

Rupasinghe HPV, Murr DP, Paliyath G, Skog L. Inhibitory
effect of 1-MCP on ripening and superficial scald
development in ‘McIntosh’ and ‘Delicious’ apple. J Hort
Sci Biotechnol, 75, 271-276 (2000)

Toivonen PMA, Lu L. Studies on elevated temperature,
short-term storage of ‘Sunrise’ summer apples using
1-MCP to maintain quality. J Hort Sci Biotechnol, 80,
439-446 (2005)

Watkins CB, James H, Nock JF, Reed N, Oakes RL.
Preharvest application of 1-methylcyclopropene (1-MCP)
to control fruit drop of apples, and its effects on
postharvest quality. Acta Hortic, 877, 365-374 (2010)

Watkins CB, Nock JF. Rapid 1-methylcyclopropene (1-MCP)
treatment and delayed controlled atmosphere storage of
apples. Postharvest Biol Technol, 69, 24-31 (2012)

Watkins CB. The use of 1-methylcyclopropene (1-MCP) on
fruits and vegetables. Biotechnol Adv, 24, 389-409
(2006)

Win NM, Yoo J, Kwon SI, Watkins CB, Kang IK.
Characterization of fruit quality attributes and cell wall
metabolism in 1-methylcyclopropene (1-MCP) treated
‘Summer King’ and ‘Green Ball’ apples during cold
storage. Front Plant Sci, 10, 1513 (2019)

Yoo J, Jung H, Win NM, Kwon JG, Cho YJ, Jung HY, Lee
DH, Kang IK. Changes in fruit quality attributes, cell
wall materials, and related hydrolases activities in 1-
methylcyclopropene (1-MCP)-treated ‘Honggeum’ apples
during cold storage. Hort Sci Technol, 38, 870-879
(2020b)

Yoo J, Kang BK, Lee JW, Kim DH, Lee DH, Jung HY, Choi
DG, Choung MG, Choi IM, Kang IK. Effect of
preharvest and postharvest 1-methylcyclopropene (1-MCP)
treatments on fruit quality attributes in cold-stored ‘Fuji’
apples. Kor J Hort Sci Technol, 33, 542-549 (2015)

Yoo J, Kim DH, Lee J, Choi DG, Han JS, Kwon SI, Kweon
HJ, Kang IK. Effect of preharvest sprayable 1-methyl-
cyclopropene (1-MCP) treatment on fruit quality attributes
in cold stored ‘Gamhong’ apples. Protected Horticulture
and Plant Factory, 22, 279-283 (2013)

Yoo J, Kim SH, Kwon JG, Cho YJ, Kang IK. Effects of
1-methylcyclopropene treatments on fruit quality attributes
and cell wall metabolism in cold stored ‘Summer Prince’
and ‘Summer King’ apples. Hort Sci Technol, 38, 660-
674 (2020a)

Yoo J, Ryu S, Park C, Win NM, Choi HW, Lee J, Yun
HK, Jung HY, Choung MG, Cho YJ, Kang IK. Effects
of preharvest and postharvest 1-methylcyclopropene
treatments on fruit quality attributes and cell wall
metabolism during short-term cold storage in ‘Hetsal-
Haunkeybee’ peaches. Hort Sci Technol, 37, 609-617
(2019)

Yoo J, Suk YJ, Lee JW, Jung HY, Choung MG, Park KI,
Han JS, Cho YJ, Lee DH, Kang IK. Preharvest
sprayable 1-methylcyclopropene (1-MCP) effects on
fruit quality attributes and cell wall metabolism in cold
stored ‘Fuji’ apples. Hort Sci Technol, 36, 853-862
(2018)



