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Abstract This the effect of different
1-methylcyclopropene (1-MCP) concentrations on fruit quality of small-sized RubyS

study was conducted to evaluate
apples during cold storage. After harvesting, the fruits were treated with 1-MCP at
0.5 or 1 pL/L concentrations and, subsequently, stored at 0C for 6 months. After
6 months, the flesh firmness of untreated fruits, which was 85.4 N at harvest, had
gradually decreased to 46.5 N; however, that of 1-MCP-treated fruits was
maintained at 59.1 and 59.5 N. Titratable acidity (TA) of untreated fruits had also
decreased from 0.42 to 0.24%, whereas that of 1-MCP-treated fruits was maintained
at 0.26 and 0.27%. Soluble solids content (SSC) did not differ in all fruits. However,
the 1-MCP-treated fruits had lower levels of SSC/TA ratio than untreated fruits.
Moreover, after 6 months, the ethylene production had increased to 47.0 uL/kg/h
in the untreated fruits, whereas 1-MCP blocked the ethylene production at 1.4 and
1.7 pL/kg/h. The weight loss and peel color variables remained unaffected by
1-MCP treatments. Thus, these results indicated that, for RubyS apples, the
storability was only 2 months at 0C without treatment, which can be extended to
6 months with 1-MCP treatments. The application of 1-MCP at 0.5 gL/L
concentration is effectively and economically sufficient to maintain the quality of
RubyS apples.
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Ty SydAe 2 29 7 e 9EUHER VRS T

A7 sizol] whet AnfRpe] v o] ESE F
7F ®oJstal IFHo] 4% S4aUE Hoste FHE
W35kl k(Yoo &, 2020a; Yoo &, 2020b). £39], &
IE /\]'4?“-4 _c’)_ offlolEk Kt glo] & wof AT

ste, 1 ofof Ag 9 7HEA] 5
‘snack-size'#t1l E¥= WUF &S ALY Aol
AAF S71skal i Kwon 5, 2019). o]0l A3t RubysS
FH[O|A) Al 52XEH SHAAERTEH ARA
TAOA FEAQEH X AAFE WHSIY 20149 4
H &3F FFo|tHKwon &, 2019). IHEES HH, 4
&7 89 Folnl e ZHoF gk PetS LR
o, A2 oF 70.0 ¢ A&, G+ 13.0 °Brix, AtE=
0.42%=% o7} 95t A o2 B7hE vl Qiot, g0
Efotal “FH[OA Al S ARRES A TS}
SHAA = ﬂﬂﬂ 3L 7 Qe g T 7] Higt
A7F BEsto] @7 AE Sl £ - BHAIAL Qe
Mx%o]u]-

ARt A o gl WS 8 & BHAO| A&t eto]
Tofste] FAMI] JF= PR 2R FEA Q1o o
gl a8AoR XHste Zo| F851HAbeles 5,
1992; Saltveit, 1999; Yoo &, 2020b). o|2{3t o 9]
g 2 28-S 582 0= AA57| Ysto] oddl 2He-9
AIA] 1-methylcyclopropene(1-MCP)o] &&= it
(Watkins, 2006). 159t A2 oA+ 1-MCP= ofE
Al 283 TS AR, ARSI A FE 2 A
717kl wet 1 8dk= AolE Heltkal skgith(Fandt
Mattheis, 1999; Mattheis 5, 2005; Saftner 5, 2003;
Watkins &, 2000; Watkins®} Nock, 2005). 53l
1-MCPY] Aglske A 7 9 £5, 181 A
Al H49] A< dAof whet aato] Zol7t glom, Fkoj
w2t oFs7t fE S Qlo] ARt B AP sk Ao
¢ FQ5Mtal SFHEHPre-Aymard 5, 2003; Rupasinghe
%, 2000; Watkins 5, 2000). 184 ¥s}slal Qe =
AR AEiES-El gt 1-MCP A% Als: A+ 32
AR EF52 W= AFESGE E(Kwon &, 2021;
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Kwon &, 2022; Yoo &, 2020a; Yoo &, 2020b), %3]
thRR O] Alto]l A-EEL Y= 1-MCP= 1 pL/LY] &8
A=A AEstal lo] AP sro] wet A= vlnlgt A
Aolt},

wehA] AdlE RH[OIA Afo] thsto] 48 & 1-MCP
Hesro] B2 AAEo} FAZ Ao 1| Gk KA
Fo N, aEAel 1-MCP A5t ALHA7IE 74
stuAr & A4S Pt

7. &
E AN HAAEE GAA Jad 7oA A= Q)
= FAI7E A E FHOA/M.9 6EA UEE e,
20204 8¢ 270 =&sto] HEetn Y PAEEA
o5st ¥, 4 ‘3—! SAYE AR M—— A<l

22 #a o xfxf X

AL 438 & 1-MCP(AHES: SmartFresh™ Agro
Fresh, Yakima, WA, USA) A#j= B2, 0.5 9 1 pL/L
9 == 7.8 m*Q] lE T FAE HA T F 184
7F B9 ARoA A7 &5 APt ARERALS 2%
0£0.5C, AtEE 90%= A7gsto] 67HE7E A% 5}93\
Ao B4R 8 9 2 A VY MR &

73] AR,

O

23 I EN XA

HE T2 2AF 1Y A S A0 Aol AL
20C)0olA F2Z HBAIK &, AT 5719 B2 15K
O = sfof 3HHE F 15719 S e E SA5H
B AE+= A7 11 mm plungers S FAH LA
(Compac-1001I, Sun Scientific Co., Tokyo, Japan)s
ARgsto] IHA AL ROy HuE AAS §F HATF 33 &7
gt 3t Batoto] Newton(N)2= YEFH I o2 L4
F2 A AL A220+£10)4 F22 HIAZ & =
otelct. IS 1.6 L 87100 37 ¥aL g & 1A7F 39
47] W9 3718 1 mL gas AHE AF ko] FID(flame
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ionization detector)E 2Kt gas chromatography(GC
7820A, Agilent Technologies Inc., Santa Clara, CA,
USA)E ol&3t 45ttt FID E42 7L porapak Q
column(80/100 1 m, RASTEK, Bellefonte, PA, USA)S
AHE519 A, injector, oven, detector <X+ Z+Z}F 100,
90, 250C = AAst¥oH, carrier gase HeE AMEOI%
I flow rate= 25 mL/min®Z o}t

7F-A 195 = (soluble solids content, SSC)& 2F
&3 5 YAEd LA (PR-201e, Atago Co., Ltd.,
Tokyo, Japan)g ©|&sto] 45111, At SeH(itratable
acidity, TA)Z A& AH71(DL-15, Mettler Toledo
Co., Greifensee, Switzerland)E& AFg3slo] 15 5 mLE
0.1 N NaOH=Z pH 8.17H] A% F U= malic
acid= s FAH = 7HA 1P EF A 9
&= el

A9 SFFAES 5 A AE 5071 9 5=
S T A2 st B5] WIlkE SActe] MESE
ettt AEA$= Cornell Starch IndexE #alsto]
TsA o=z HrlslthBlanpied and Silsby, 1992). T3]
9] M= MAMA(CR-400, Konica Minolta Inc., Tokyo,
Japan)E ©l-&ste] A9 FFH(sunny-side)} HFH
(shade-side)& Z¥7} 33& S7olo] Ho#to= VeI

2.4 &4 &4

SA B4 SPSS Z2IYH(IBM SPSS Statistics 26,
IBM Co., Armonk, NY, USA)Z ©]-&35t] ANOVA 2
24 T A 7F FEEE Duncan e APLE E4519
THp<0.05). 1AL, Aot A7]7to] wE F2Q1 =4
S 95t Fa9d2xAA(east significant difference)

o= BH%9THp0.05).

Table 1. Fruit quality attributes of AubyS apples at harvest

3. 2u & u#
31. 2 A B4 54

FH[O|AT AO] a8k A A A4 Table 13} At
5L 75.0 g, BEE 85.4 N, 7HA 1P ET AL SF2
13.1 °Brix, 0.42%2 1 S4do] HA=Jct. 183 3o
FFHO] AL (a*) FA] 28.52 ZHAo] L3191, 48
Al ogd wAFFS 2,63 pl/kg/helor HEA|4
(starch pattern index, SP)E A%7]o] 243 7.56&
Hao

L

Q.

L

Q.

3.2, 1-MCP XE2l0f BtE AHE[7H & Zfal E4& Haf
‘FHO|A AW A WSk oI ZoHFig. 1(A)).
2Ag 7L 58 A] 85.4 NojlA A& 1719 5 61.9
N A== F435] aotda, A% 27018 Foll= 59.5 N9
BEE YRR U o] AAJ5] Aste] A% 67§Y Foll
£ 46.5 N9 3+ =g Yehfiglet. 12y 1-MCP A
T 739 0.5 pl/LY FEAAE AR 17HE & FAfe)et
U =29 A& TAE YA Y, A% 279 o]%
T At AAEHEA 1 pL/L9 ALt Zpolzt glo]
< AE Aasd BeloH A% 6719 Fol= 1-MCP
g HAEL 59.1-59.5 NO& =2 34 AL E Hgch
Z]

B (Fig. 1(B), FA g #4243 A] 2.1 uL/kg/ho|A
1, A% 270 3R7E FTkeE] Alste] A% 671 S
£ 47.0 pL/kg/W7HA F45] F7Fsteh. 18 1-MCP
AeqE2 Agszo] e 2to] glo] 1.4-1.7 pl/kg/hE
o9 o g IAERS Btk Watkins(2006)= H
9] st7b 1-MCPoll Qs AAE 4 AT stgoH,
1-MCP9]| 9J5ff JFE e A3t FAH 4 84 F

3] RAFEA] QAT B 22]9] IFHL2 1-MCP A

Fruit weight Firmness ssc? TA? Ethylene SPP Hunter value

(@) (N) (°Brix) (%) production 0-9) " " "
(uL/kg/h) L a b

75.042.29 85.440.4 13.140.2 0.42+0.01 2.63£0.19 7.56£0.04 38.913.1  285t1.6  13.3t1.4

SSC, soluble solids content.
ITA, titratable acidity.

3;SPI, starch pattern index; 0 (immature stage) — 8 (mature stage).
)

80

All values are expressed as meantSE of triplicate determinations (n=15).

https://doi.org/10.11002/kifp.2023.30.1.78



Korean J Food Preserv, 30(1) (2023)

(A) 100 —
90| g —a— Control |
. —A— 1-MCP 0.5 mL/L
€ 80} O 1-MCP 1 mL/L
?
qé 70 - 3
= 60 .
< b
3 50
L

40 | LSDoos] 5.3823
oLl —v L
e —
70
60 |
50 |
40 |
30}

Ethylene production (mL/kg/h)E

20 + LSDo.0513.4218
L a a |
0r 2 3 P B b B
0 Q- —o—0 —O— O O—0O
0 1 2 3 4 5 6

Storage duration (months)

Fig. 1. Effect of various 1-methylcyclopropene (1-MCP)
treatments on fresh firmness (A) and ethylene production (B)
in RubyS apple during cold storage. All values are expressed
as meantSE of triplicate determinations (n=15). Vertical bars
represent LSD values at the 95% confidence level for effects
of treatments x storage duration. ®*Different superscripts on
the graph are significantly different by Duncan’s multiple range
test (p¢0.05).

219 Fdol|A g Aty B ustgdckBaritelle 5, 2001).
a3 2 A ARREER Summer King®: Green Ball
A A% 1-MCP A2 23ts 2o ogall g A9}
A A =& BeE FABIIEWin &, 2019). 1-MCP
£ 3ol & A] o 2dl A& JA9} 1= WokE oE
g IFS A2A7|(Kwon 5, 2021 Mattheis 5,
2005; Watkins, 2007; Watkins 5, 2000), ©]&= o=l
A ol Md-ACSIZ: Md-ACO1 57Are] ¥hadof
o gto 2 A (Kwon 5, 2017) B9 A THAE AAlot=
o gy-4olgt okt I8, Pre-Aymard 5(2003)2
Anna Ao 1-MCPZ 0.01, 0.1, 283 1 /L 5=2

https://www.ekosfop.or.kr

Aot o 0.1 £L/L olste] sZoAl= RitE YEh
A Ferhal 3193, Watkins $5(2000)2 1-MCPE 0.5,
1, 2893 2 pl/L 522 A9 9, Mcintosh®t Law
Rome Mh= 0.5 pL/L A=77F BHAFE fAlo] #2420
A= YeRW IR, Empire, Delicious A4+ 739 0.5
pL/L A= AL 1 pL/L3 2 pL/L A2t 2ol IHAE
A Ao arpAoletal Hilstqir. webA “FHlo|AT Al
of% 1-MCP A&7} M9l Bk 4ot ofgdl A Ao
LR AVE Kol AT ARFY] IHEE FAo] avtE
1™, &3] 1-MCP 0.5 pL/L &% A2= 1 pL/L A}
Ut aVE Hof ‘FH|oA Altof 2-go] et wket
= wEhA] FHOA A FAE T FL-
LA A AE7L 60.0 N 325 |A|51H ojgao] &
Aegol F43] S71=7] AARI 58 § 278Yo] ARHA Y]
=2, 1-MCP A2|9] A &= #o|7} glo] 671e7HA =
AAo] 7T ALR WAEATHYoo2t Kang, 2021).
FHlA AR 7HEA B E FEK(Fig. 2(A) MShe,
FAETe] B9 48 Al 13.1 BrixClA 2 A 671E 2
= 13.5 °Brix® RAIE Y 1-MCP AHE IA| A
o} TARlo] A1 B vldt 718 1R TR
Uefgion, A2l 7e Aol wolx) sk v, 7
490] 41 SR (Fig, 2(B) 48 Al 042901543, BRI
o B§ A7Io] Aol A4H 02 THasted A4Y
4708 % 0.28%, 571¥ F 0.24%, 1592 670 % 0.23%
,1 Ab SRS BdAgt 1-MCP Hg HAES A% 47H$J
% 0.31-0.32%, 57§¥ & 0.27-0.29%, 121 671<
0.26-0.27%2] At $Z Hof, FA2] 2z} vl wsto] *F
ol A FAIEAT. 15t AFANE B ARt i}
Aol 1-MCP A7 Al A7717F 52t 4t oFF9] A4S A
A7l st HDefilippi 5, 2004; Fand Mattheis,
2001; Pre-Aymard 5, 2003; Pre-Aymard &, 2005;
Saftner -, 2003; Toivonen¥}t Lu, 2005; Watkin
2000). ol= =UlollA AuiE TE, ‘=X, FE
ARo A Al 1-MCPE A2|5t3iS wf ofgd é'
HAS| A=A Frot AF 3 o% =7 FA= ATHLim
2007 Lim &, 2009; Park &, 2016; Yoo 5, 2013; Yoo
5. 2015). 28Y, 7MY 1¥E oY 4% 1-MCPE

AefstE o A HlLO}Oﬂ =50 A o A

O

HOPH

i ﬁ o]olr Oll'l

01

81
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Fig. 2. Effect of various 1-methylcyclopropene (1-MCP)
treatments on soluble solids content (SSC, A), titratable
acidity (TA, B), and SSC/TA ratio (C) in RubysS apple during
cold storage. All values are expressed as meanztSE of
triplicate determinations (n=15). Vertical bars represent LSD
values at the 95% confidence level for effects of treatments

x storage duration. “Different superscripts on the graph are
significantly different by Duncan’s multiple range test (p¢0.05).

ol met =AY WS 4 9loH, 8jal 1 Zjol= vy
STt st tHMoran®t McManus, 2005; Pre-Aymard
5, 2005; Watkins 5, 2000; Zanella, 2003). o= 9=

82

MIESR Mcintosh®t  Empire AF}OIA(DeEll &,
2016), 1811 5}141 AHRREZO] ‘W ImIAA QL AW
(Yoo &, 2020a), ‘&= (Yoo 5, 2020b) A4 = 1-MCP
A2|7F 7Hd @& T Wlo] v g3l 8l

1L 5fo] “FH[OIA AN FUG FFS EoiTh :Lﬂ
I 7M1 E A FFY HEE UEtdie GARIE
HH(Fig. 2(0), FAF A4 4t Fego] ZastdA &
A7 2245 271619 AEE 1-MCP A2 TASL A 2]
o= Y2 A¥E Hoj 4 o] fAEE aE Ho| I
9] £4o| fAIEE ZIE Bk HHIZIA 9} N7
A A AR AL A7 59 FAkETE S7HSER
o, 1-MCP A7 HAEZ 4t 9] W3lE A5t
A1) B5k7} ol ;A O] AT FAIE ATHI(Yoo
. 2020a) 3+ A3} FASIUT wWEhA] FH[O|A ARG
o= 1-MCP A&7t 2 o] At b 4o} g4t o] s}
AAo] IS Hol A AL An| Ao AxtlolH,
1-MCP #2] ko] m& zto]7h iqiet.

33 XEIIZt & gé’é’_’é oﬂ/ HEXT B
FH[o| A ALYl FERAE2(Fig. 3(A)), FA T2
1-MCP A2+= 7t X}O] 7F Qo] AA7|7to] dojdaE
S7hol= AR, A% 371d Soll= 2.75-3.10%= #4
ol FAEY A% 671 Fol= 4.50-4.70%= ST
Ago] F7loto] i} F4o| st A EHAHh
Jackson 5(1971)& FA7F AA Wz A3E Alatol A
FAZE dHA s FAL daks Altet H|wsto] #2 F
FHLES HolH, ol s tiH] A ] HH A
H|-go] tjats vlwste] 27] wjEolzkal ottt Yoo &
(2021) GAl =W At Q&S F 7 w2 At
S el =4 /‘}er—’] B A2 A% e &
oF 1.50%2] S A eS Bon, 1 9 tagdl FF
At 9 S4T AR F591 BT wAY AR 8
A% 671E 3 242 1.70, 1.60, 2.60%%] $HFLAES B
UL ShGITh wEhA] “FH|OIAT Atz 7]&0] g Al
H1 Qe AT v st B2 SEHAES Ho A&
7177 flste] 7iAdo] 83t FEolgtal Wk E3L
1-MCP Aol W 8 HHIHA Al A=A
T2 FHHAES BYoY, A, g ‘Hay,
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(A) 6 .
g
5t . a |
= ;s 2
% 4r a g
2, LSDoosT10.3540 2 __W~
-_.g’ a
o 2t a _
= 2 —a— Control
11 —A— 1-MCP 0.5 mL/L |
2 O 1-MCP 1 mLL
(B) 0 1 L L ! L |
—~ a a a a a a
[o0] a a a a a a
- a a a a a a a
= 8r 3§ a Q a Q a a A
X a
3 a
=
c 7} ]
g
&
o
S 67 ]
5
7 LSDo.05— 0.0217

5 1 L L 1 1 1 1
0 1 2 3 4 5 6

Storage duration (months)

Fig. 3. Effect of various 1-methylcyclopropene (1-MCP)
treatments on weight loss (A) and starch pattern index (B) in
RubyS apple during cold storage. "Starch pattern index: 0
(immature stage) — 8 (mature stage). All values are expressed
as meanSE of triplicate determinations (n=15). Vertical bars
represent LSD values at the 95% confidence level for effects
of treatments x storage duration. All superscripts on the graph
are significantly different by Duncan’s multiple range test
(p€0.05).

a3 g ARe SEEAEY Ae)7t gkl sheic
(Win 5, 2019; Yoo 5, 2020a; Yoo 5, 2021). wehA|
717 B9 1-MCP A2 Al S5aag0] njAls P>
ARESO whet oA Zol7t Gl A o' WE QI 11
I 5 A9 A7) mE HEA|S(SPD)e] HEks HH
(Fig. 3(B)), &+ Aloll= A9 A<l sid== SPI 7.56=
B, A7 1719 Fofl= A=+ 2t Zpo)7t glo] & A<
Q1 SPI 8.00% Hof HEo] ZrFog 4Hs| HojdS
gelstiet. Atk THA 9] B9 B9 ARFFFE T4l
A& AEE Wdshs b o]&ER & Aol ARSE TS

https://www.ekosfop.or.kr

F5} A] A9 Aol dmE AR FRIFTHBrookfield
%, 1997; Magein¥} Leurguin, 2000). Z12]3Z Watkins
5(2000) 1-MCP9] Ag] 3= A 5= L AZE J82
A9 Al met Aol ERIttal skglon, 53
I/g&gt o] 1-MCPE A=s= o 11 a3t 44d
ohl Sho] & ALe] AEA|SG H3lol| nX|= PF2 nulgt
Aoz gt Qi

3.4. HEIZH & ZHIASf Hizf

‘B A AR] 423} A] g H(sunny-side, Fig. 4(A)-
(C) vFFA(shade-side, Fig. 4(D)-(F)2] o] 242
ARSIt 428 A] Y| Thu] HE (L= 38.9, AN
(@)= 28.5, 52" 13.32 HAx, A7t L
1-MCP Aol @& Zjo]= Holx| o¥ofrt. 121 HE
AgTsollA 2w o] v 4% LG} b a2 A%
717k0] AoldaE FH 1ok AT HoH, a*it>
AR717F &% WIS HolA] &9kth. Dauny®t Joyce
(2002)= Y¥HH o R AAH SHOAM FHHU 34= F
FEE S4S U oy 89 Fas 1-MCP A9 #
o] w} Ajolg HolA] Ptk syl S 4552
WAy, T ARl 1-MCP A 2] A] T4 9] Halof=
o] Y(Kim &, 2018; Yoo 5, 2020a), Honeycrisp
ARE 1-MCP A 2ol wg 2HH3lo] w|xj= JF2 ql3l
ot st tHMattheis 5, 2017). 284 1-MCPE A
Al dof whet Zaj o] HakE X AA7 = A Hol7:
sto Al L A% 875, E= IAEESO] wet 1-MCP 23
of Z}o|7} Q= Ao & HEI JtkBlankenship¥} Dole,
2003).

ol AE T HH, A FH[OJA Altof
1-MCP A2z 0.59% 1 pL/LY] =2 #A L] A% 674
7 60 N 29 BeE FASHIL, gl Sy
- A fASkAT TS, A SRFE FA Y Ao Bst
of =A fAsIH. 12y SEFHAES A% 374 o|%
e @A S7t=] FAEE FA0 A7 AT
weha] FH[OIA ARk TR 2] IS A% 271do] A
7|&, 323 1-MCP A2 A] 0.5 pL/LS] =% 1 pL/L
FE Zol7t QI FFHAES At o7/HE7HA =
A%o] 7hed ACE wHECh

83
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Fig. 4. Effect of various 1-methylcyclopropene (1-MCP) treatments on skin color variables on sunny and shade side of RubyS apple
during cold storage. ‘Peel color variables on sunny side: A, B, C; on shade side: D, E, F. All values are expressed as mean+SE
of triplicate determinations (n=15). Vertical bars represent LSD values at the 95% confidence level for effects of treatments x storage
duration. Different superscripts on the graph are significantly different by Duncan’s multiple range test (p¢0.05).
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