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Abstract

This study was carried out to investigate the effects of a pre-harvest treatment with sprayable
1-methylcyclopropene (S1-MCP) on fruit quality and cell wall metabolism during cold storage of
‘Fuji’ apples (Malus domestica Borkh). Three different treatments, 95, 125, and 250 mg-L"
S1-MCP, applied at 1, 2, or 3 weeks before harvest, were used in this study. Fruit firmness of
untreated fruit decreased from 62.3 Newton (N) at harvest to 55.3 N at 180 days after storage.
However, a treatment with 250 mg-L™ SI-MCP at 2 or 3 weeks before harvest maintained a high
flesh firmness of 60 N even after 180 days of cold storage. The titratable acidity (TA) of untreated
fruit decreased rapidly from 0.36% at harvest to 0.19% at 180 days after storage, but the 125 and
250 mg-L" S1-MCP treatment at 2 weeks before storage maintained the TA at 0.32-0.33% after 180
days of cold storage. The internal ethylene concentration was significantly increased to 326.4
uL-L™" after 180 days of storage in untreated fruit, but it remained very low (17.3 and 32.4 uL-L™)
after storage when fruit were treated with 250 mg-L™" S1-MCP at 2 and 3 weeks before harvest,
respectively. The uronic acid content, which is a component of the cell wall middle lamella, in
alcohol insoluble material (AIS) was higher (301.47 pg-mg™-AIS™) in the SI-MCP treated fruit
after 180 days of storage compared to the untreated fruit (271.72 ug-mg™-AIS™). The activities of
a- and B-galactosidase in cell wall hydrolases were significantly lower in S1-MCP treated fruit than
in the untreated fruit after 180 days of storage.
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‘T2 IO B4 G 14-15%Brix, AHE 0.3-0.4% 5 Al0]7F-95hH, 2122474 A] 567147 B o] frAl o e &
Foll Hlsf A/ et Aol E7doleh oA 2 AHAt 8 F7H Y & B/dolof Atk @ Qlo] B Qith Aol £
< FA5P7] Slol dRrd oz HAJel & A2 o] A fAlske Hl AP A, 3712/de ok
controlled atmosphere(CA) A7%0] ¥ 0] 214 - £4-& f-2[ol= t et a7+ Hof$itf(Park and Yoon, 2005, 2006).
el S AR T4 AT 0] Astol CAR A R399} T oSl 221(1-3%)0] 1 B S

B 7k o] thagstod(Kweon et al., 1998; Park et al., 2012) A-83}15] 2] Fslar 9lr}.

ZZof= ARHE 2t & o A8 A A1 1-methyleyclopropene(1-MCP)E &541 2|5t} ¥ o] A% 3= A
7132 QIth(Kim et al., 2018; Park et al., 2011). A} 7oA 1-MCP A 2]= 555 9 o 2l HAISRS Z|otA|A AL W A
Sk 59 SA5PAA I £24-S GA5H= o] 945 G315 K o)1l QJtHLim et al., 2007; Moran and McManus, 2005;
Toivonen and Lu, 2005). 128|454 28 1-MCP= Y4-& 48 23t o] A2)E ofjof ol= To] §lof lof| ml=;
AgroFreshAfol| A 8Hd A E-R 1-MCP(Harvista™)7} 714F=] o] “Mclntosh’, ‘Empire’, ‘Delicious’ AFol 320, 250,
160, 125mg L 2] =2 Aot of A<t AHAEE-S fAI5H: bl aatdolehs A7t 113=|o] Sieh(DeEll and
Behrouz, 2010; Watkins et al., 2010, Yuan and Li, 2008). 91, =t el A= 78 ARt At A4 -8 1-MCPo]| ot &
HYoo et al., 2013)7} 3= it

b 2 Ahs 2 AL [-MCP A 2|7} 2 ARe] 222174 5 v F4, Alars] /94
A A m| A= Foke oA A E Sl

A E 5

B

AR AGTA I A0 571l AR E]o] S R EA T (M9) BES IR A S E T B AT R 4%
sto] A@A R gtk

SAHAEL 1-MCP(S1-MCP, Harvista™) 22| Y 22tz

S1-MCPX: 1| AgroFreshAF2 H B Ao} A|&-S 4-3851Th S1-MCPA 2]=250, 125, 95mg L' 9] & & 77} 43
354104 129), 257410 19%9) 2 157:4(10€ 26 Q) ol AT RS O, THA k2 119 2ol A ATt

A Q) A E 72 25 0+ 1°C, FTS I 85-90%= AoE3al, 2787172 18047 0| 9.0 214 90 $HE] 45 7F
O =2 904(1E931Y), 13543 L 17Y), 180L(5E 1Y)0f| T+ EAJS AT

2 54
T A= A7 1 I mm plungerS 732611 73 &= A (Fruit Tester, FT327, Italy) & AF&-5}0] 74 2=t o] k] & A A

S I o 35] S gk Bt 510 Newton(N) L2 LFERHGITE AT @2 15 SmLE 0. IN NaOH= 2ot & Afrpat
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o2 Skl 7184 1 & T2 AT EA(PR-201 a, ATAGO, Japan)yE 08513 01, 7] o] ML= Az
(CR-10, Konica Minolta, Osaka, Japan)& ©|-85}o] =753t}

L offei2n ey

U ol dall AR ZAF 1 4 o] IS 2 a0l A Ajo] A2(25°C)oll A F-22 Oé/\] 1% Z4sl5i 1719] 7
< IFHE0 2 5fof 5700] IS tVd O =2 ImL AP 1S 23 F-9lofl A dste] 74 W gas ImLE 25/t 5 FID(flame
ionization detector)S 742t gas chromatography(GC2010, Shimadzu, Kyoto, Japan)E ©]-&5 }Oq Z25}99t}. Gas chroma-
tography @] 24 272 Porapak Q(80/100 2m, Youngin Frontier, Korea) columng ©]-85}%.©H, injector temperature
100°C, oven temperature 90°C, detector temperature 200°CZ 245} 11, carrier gas+ He, flow rate= 3% 20mL= 5}t

M= =2!(Alcohol insoluble substance, AIS) &

AZBE0) £ 2L Rose etal. (1998)°] e 02 S-ASHCk FA F10] a2 A7 7h; 50g0] 95% ethanol
250mLE 715 5 F2+Z(SH-SAKWB, Samheung21, Korea)ol|A] 4057201 & k8- nlAjlslod of el et of v &
2 ZFAl= 9l ethanol 500mL, chloroform:methanol(1:1, v/v) 500mL, acetone S00mLS AF-8-51o] 21| 2 A&t A&
o] Bk ZAH= 30°C] ovenoll A AZAIZ] 5 0] 5 A ZHE(AIS) 2 sLrt.

Uronic acids ¥ total sugar &Hz¥

Uronic acid & carbazole B[ ¥ (Bitter and Muir, 1962).0 2 AAJ51ct. g2k EEE29] galacturonic acidS A&
sto] HeFAlo] oJs)] A=A Total sugar $F-2 phenol-sulfuric acid B'H(Dubois et al., 1956).0 2 AeFstct. T 1
TE=H4 glucose S AREsto] Aol ofsf] AFEst3ith

HES SaEs 22

G490 FEL2 Pressey(1983)2] ®IH o7 d¥5t3ct. ol & A|A S 7HE- 50g¢] 10mM sodium phosphate buffer(pH 7.0)
100mLE 7}o}l, A= 1gd0.5mg 2] polyvinylpolypyrrolidoneS 201 1057 A8}t o2 IMO] E| 7| NaCl& 7Foto] 44]
ZKES W 12,0004g514 6087} QHelslo] A sik o] AU (NHSOLE 85% B AL
12,000xgof|A] 6057t Y1 E2]5te] A2 X AH-E-2- 10mM sodium phosphate buffer(pH 7.0)°]] @EHAIZ] H, 10mM sodium
phosphate buffer(pH 7.0) 916l 48171 A3 ERS 12,000l 6057 AR AHNS 2840102 shirck 1
= 840 FEZ4°Cof| A sttt

a-Galactosidase, [3-galactosidase, f3-glucosidase, « -arabinosidase, a-mannosidase 2 f3-xylosidase®] S 22
9] p-nitrophenyl-glycosideZ 7|42 51912 ] A== p-nitrophenol&] %S ZA 5] 7Eallsl= XS UV-VIS
spectrophotometer(UV-1800, Shimadzu, Kyoto, Japan)& ©]-&3l] §4 AL 4519t &, 42H9] 71458 10mM
sodium acetate buffer(pH 4.0)°1] 0.2% =|7] <1 -8 125uL] 10mM sodium acetate buffer(pH 4.0) 250uLE vortex = 2
SRAeE %, BAM250uLE 7Fote] 30°Coll A 6077 HHSAIXT The IM Nay,COs ImLE 7Foto] §E8-2 A A A]7] 11, 410nme]]
N B S 25150, 217e] S AR 30°CoIA 1417H 52 Immole] p-nitrophenol o] 42kl oJa) AGER=
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2o ozt

2t Al 2 E4

8 PAIEE 1-MCP(S1-MCP) A 2]of| wh2 =8} A] 3 £ EA-S BW(Table 1), 5, %, 71844 12 L4t
GHg2 S1-MCP A 2] e} F-42] M5 hof| Zfol§ 7 9] Holx] °3‘ikt}. T3 IO 2 = AR Eo w2 Afol= B
o] 2] $3Lo, S1-MCP 125mg-L" 48357 A2} FH= 16,52 4] 2] 7} o] H]ote] 2ho] 2| As)= ATHE Hof g7y
U3 whebA o] et A= S1-MCP A 2|7} 2] 1A o] 2bdlof u)2]= k2 TA| gli= A 0 =2 st ‘Delicious’
ARl S1-MCPE A 2|3t & 45 A 9] 2P, 718/ 11 3& e 2lol 7} G AT wHA 2] 745&194”&&/‘1 o7kl
21 23] A A °ﬂh 71Tkl FATK Yuan and Li, 2008). 2 A AT A 18] A2 A2 FUet Atkg Bt H}EW
XA Afke] =81 A SI-MCP A= 48} A 7HA ] Fof w2 = P gl 2oz LE‘rFJME}.

AE77HE 2 E4

A7 ER T2 I 0] A HERE B (Table 2), F42] M2 4:8} X 62.3N0] Lo, A% 180 Folli=55.3N.2
2 F245] 4510, S1-MCP A2 A5 2747 ]7to] Zo2HA FAfe] dpAe] [t =2 AL fAlotAT 53,
S1-MCP 250mg-L" Lol A=458}, 2, 3574 A 2] 7 RFof| A 213 180 Tof| = 4251 1|9} 2o] S HolA] 9ottt 617
TH1259F95mg L ‘Fol Al A2l et AAU ARA 7 ESS 2477 5ot 3 o] w4 6}% AN H
k. 224 Yuan and Li(2008)+= S1-MCP 2|7} 3Hd o] ASHE A AAZHIL, A5 I, Al7] 2 Sl4== 43S |2 A] of=th
11 55T o= Autet HWL%H HHSI-MCP7} 7 0] Br 8 §A| A7 = S5 Lot AT e*”%E A7) 4 B14=0}
£ UE 27HE Hl 212 EE2 Afolo|A] Vrehd Akt k| gl

277170 4t o] Hgkg HH(Table 3), F-4 2] 22 45 A] 0.36% 3L, A% 180U Foll=0.19%= 524 5] 7Aof
et 281 S1-MCP 250 @ 125mg- L' 5ol A= A4 180 Fof| & 0.22-0.33%% T4 2] THAof H]5lo] =2 AL gk
Ho| Ao wstel Fodet AvRE H ot o= 7H49] skt AP E|HA] f7)4to] U 55712 o §EHA] At ghgo]
A5k 1-MCP A2)7F 588 AAI5H] At $HFe] 45 AA5k= 27 Rupasinghe et al., 2000; Toivonen and Lu,
2005)= S1-MCP 2|7} 7}410] Hob A oekg fAoto] I £ f|of] 945t a3tE Kol 710 = wet=|glet

O

Table 1. Effects of sprayable 1-MCP (S1-MCP) on fruit quality in ‘Fuji’ apples at harvest

Corc. Application Fruit Flesh Soluble Titratable Hunter's
Treatments ¥ time weight firmness solids acidity value
(mg'L) (WBHy* (® (N/@11mm) (°Brix) (%) a
Control - - 298 & 623a 139a 0.36a 193a
S1-MCP 250 1 295a 602b 13.6a 041a 17.9 ab
2 28%a 634a 14.1a 0.36a 19.6a
3 2% a 60.8b 133a 0.37a 199a
125 1 29 a 62.7a 14.1a 041a 17.5 ab
2 2% a 61.1ab 143a 0.36a 18.1ab
3 290 a 615a 13.0a 0.35ab 16.5b
95 1 295a 613a 142a 0.38a 192a
2 290 a 60.7b 14.1a 040a 194a
3 291 a 59.7b 13.1a 0.32b 183 ab

“WBH: weeks before harvest date, which was 2 Nov.
YMeans separation within columns by Duncan's multiple range test, p < 0.05.
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Table 2. Effects of sprayable 1-MCP (S1-MCP) on flesh firmness in ‘Fuji’ apples during cold storage

Application Flesh firmness (Newton/ ¢ 11mm plunger)
Treatment (COIL(::,) time Storage duration (days)
e (WBH)Y At harvest 90 135 180
Control - - 6232 59.6b 572¢ 553 cd
S1-MCP 250 1 602 b 61.0b 602 b 60.8b
2 634a 63.0a 64.7a 64.5a
3 60.8 b 62.1a 61.9 ab 60.6b
125 1 62.7a 62.0a 59.1b 59.2b
2 61.1ab 61.9 ab 643a 59.5b
3 61.5a 63.0a 60.8b 529d
95 1 613a 61.5ab 60.8 b 58.6b
2 60.7b 59.1b 58.7b 571¢
3 59.7b 58.5b 54.7 cd 499d
“WBH: weeks before harvest date, which was 2 Nov.
YMeans separation within columns by Duncan's multiple range test, p < 0.05.
Table 3. Effects of sprayable 1-MCP (S1-MCP) on titratable acidity in ‘Fuji’ apples during cold storage
Conc. App?ication Titratable ac.idity (%)
Treatment (gL time Storage duration (days)
(WBHY At harvest 90 135 180
Control - - 0.36 2" 033b 0.29 be 0.19¢
S1-MCP 250 1 041a 0.37a 031b 0.29a
2 036a 040a 033a 032a
3 037a 035b 0.32a 0.30a
125 1 041a 0.38a 0.28 be 0.24b
2 0.36a 041a 033a 033a
3 035b 032b 031b 0.22 bc
95 1 0.38a 0.34b 027¢c 0.20¢c
2 040a 0.38a 031b 0.23 be
3 0.32b 0.27¢ 0.26¢ 0.17¢
“WBH: weeks before harvest date, which was 2 Nov.
*Means separation within columns by Duncan's multiple range test, p < 0.05.
Table 4. Effects of sprayable 1-MCP (S1-MCP) on soluble solids content in ‘Fuji’ apples during cold storage
Application Soluble solids (°Brix)
Treatment (rg;-r}f:') time Storage duration (days)
(WBHY’ At harvest 90 135 180
Control - - 1392 139a 14.6 a 139a
S1-MCP 250 1 13.6a 13.7a 14.1a 143 a
2 14.1a 14.0a 143 a 145a
3 133a 134a 13.6a 135a
125 1 14.1a 14.0a 143a 148 a
2 143a 140a 14.0a 142a
3 13.0a 134a 133a 133a
95 1 142a 145a 14.7a 149a
2 14.1a 13.6a 143a 145a
3 13.1a 12.8a 126a 132a

“WBH: weeks before harvest date, which was 2 Nov.
YMeans separation within columns by Duncan's multiple range test, p < 0.05.

Horticultural Science and Technology

857



TEY LHLEE 1-MCP X272 SA AR A2 & 2 S22 HIE CHAL D|2|= Fet

ZQ
[elKe)
s

7+ 1= A HokE HR(Table 4), 2717 F<tol 74129} SI-MCP 2] 3Mdte] 2jol= Hol] gkot &
1-MCP A 2] A] HEop At -2 57 FAA7 1A 7R 1= o] Wehe /IIth(Lim et al., 2007)= 2319} &

L offei2n ey

U o3l g Table 5)2 74 2] 72 81 A 2.50L- L of|lA] 27 180Q Folli= 324 5] F7Fo1] 326.4 SuL-L" %A
c}. B, S1-MCP 95mg L™ 48} 3527 #{2] Mg A efgh ym 2] Al ol se 24 180U 01 17.9-177.7mg L' 2 W2
A ol kg et o], SI-MCP 250uL-L 5= 0] 42812, 357 A2 yMdE-2 717F 17.99432.4uL L' 2 thE
Ag]tof Histe] Ay of el Aol dA 5] WSltt. o] M-S 5857 | Aol SI-MCP A 2|7} 2 F ol k= 27|17t
o] Zojz|HA] of el AAo] 7oAl A5 7 ol daes o 2l ARk ] AAE S S 4 QUSIH: “Delicious’ AF
AT S1-MCP A 2] A] of 2l T o] T4 5] 4% 1=Tl(Yuan and Li, 2008), o]+ 1-MCP7} o 2l =-8-A|of] Ag
=R 2K o el o] 28-S #5519 1 (Blankenship and Dole, 2003), ESF o 2 &l 0] A7} T El ACS(ACC synthase)2}
ACO(ACC oxidase)Z codingdhe 97191 CMACSITF CM-ACO19) HHdeko] 1-MCP A2 A] @s] W9kt Ed]
CMEACS I A7 RS gl A0] 8181} 1910 CM-ACO1©] e 1 %7 ]d0] 1-MCPe] ofa] 413 Al
= Av2 A Cha et al., 2006).

Uronic acid(UA)2} total sugar(TS)2| ez

S1-MCP 2] & ¥ 0] 2147 |7 Fa et Al 2 55-0] 79 =431 UA o HekE H i (Table 6), 7412 ¥ 0] 79
45k Ao =368.53ug'mg - AIS T, A 180 Tol=271.72pg mg - AIST 2 11 §HFo] 26% A& AT 21Ut
S1-MCP A&] IHd5-2 -8 A @b ] wsto] 217 180 Fof| & 71 gtgo] m|n|oHA| 4ol 7B aRE H it 2 o] A=Al
e R sl met dojubn, 11 7k "l o) 7Rt 9 Eofjeh EARh vRlo] Sl Ao= A itk
(Huber, 1983). S1-MCP A 2] ¥H-50] A4 717to] F7Fsto] e UA Q] o= b7} 7 0] dofubz] 9f2 21 Al iEH S50 &
7GR ke 7HE A 0 2 HodZ 11 9tk Al Chun et al., 1999)2} ZH(Kang et al., 1998) THAo|A] o el 2j2] &
27g71710] Aoj A A 34241 wEdlgo] 46 =t ol= 0] Al g E W A2 F5-0] AR
QNHEAL Fof7F dofuar ofwf T-8-d HEl ZhAastar, 718 HEl2 F7 oA Hrh(Knee and Bartley, 1980). TepA] 2

T

Table 5. Effects of sprayable 1-MCP (S1-MCP) on internal ethylene concentration in ‘Fuji’ apples during cold storage

Conc Application Internal ethylene concentration (uL-L™")
Treatment (mg-L'.l) time Storage duration (days)
(WBH)’ At harvest 90 135 180
Control - - 25a 1395 a 186.6 b 3264 a
S1-MCP 250 1 34 a 39.1 be 56.1 cd 87.5 be
2 33 a 29¢ 3.8d 179 ¢
3 34 a 39¢ 222d 324c¢
125 1 36a 32.0 be 169.7 be 1615 b
2 32a 27.6 be 42.1d 111.9 be
3 23 a 35.7 be 80.4 bed 159.3 b
95 1 33 a 5810 91.9 bed 1714 b
2 31a 550 b 78.2 bed 1777 b
3 23 a 153.0 a 308.1 a 3575 a

“WBH : weeks before harvest date, which was 2 Nov.
YMeans separation within columns by Duncan's multiple range test, p < 0.05.
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t=]

Ao A& FA 2] IS A7 171o] 7V oD i o] S7FsHHA(Table 5) Al H 530 HE-& 79
UA29| ool Z4-511 1, §HA S1-MCPA| 2] A5 o[ 25l o] 3 o508 AAIEWA A2y $3-& FA0h=
el Z-0] o7t A AR HA B Z-o] RN UAGHFo] Ak A JARN Ao =2 was|glrh
T A O] TS MskE B(Table 7), 58+ A] FA42] FHAL 411.38ug'mg - AIST 011, 2 1802 Foll=

566.10ug-mg™-AIS™ o3Itk 181t SI-MCPA 2] IS0 TS 2R 474 180 Fof| 627.60-864.83ug-mg - AIS' 0 2 T
A oA Bt 2 oteks B itk HE A Al F53-5 ok T3 O = QIR AL O] AApA| i Ato]of EA]
S A|3E 7he] AS A5 51 (Huber, 1983), Al 522 galacturonic acid, thamnose, arabinose, galactose2} 2
-2 sugar group © & o]0 QLo W, o5 FE-2 M O] AR Y EH M| 2 F5-0 2R E Zof|EHA fr2|Eo] 11 o
o] A5HA Hth(Gross, 1983). whebA] 2 Aol A & F4]2] IHdE2 2173 7]7Ho] Ao 2 A] 1P o] Akt 213)E| o] TST
ol Aok, SI-MCPAY IS o5 TSEO| AEH S50 27 Zof7F A A 2173 1809 Fol& &2 TS

o

Table 6. Changes in uronic acid contents of alcohol insoluble material (AIS) from cell wall extract of ‘Fuji’ apples treated with
sprayable 1-MCP (S1-MCP) during cold storage

Application Uronic acid contents (ug'mg™-AIS™) ¥
Treatment Conil time Storage duration (days)
(mel) (WBH)’ At harvest 90 135 180
Control - - 368.53 a* 686.96 a 29343 Db 271.72b
S1-MCP 1 330.73 a 33148a 319.57a 313.28a
2 325.65a 331.81a 32640a 32143a
3 352.36a 342.85a 329.15a 324.04a
1 360.67 a 361.09a 312.74a 30147a
2 32141a 320.10a 335.63a 305.10a
3 340.59 a 341.04a 322.02a 30220 a

“WBH: weeks before harvest date, which was 2 Nov.
YAIS: Tt was extracted from 50 g fresh weight of ‘Fuji’ apple fruit.
*Means separation within columns by Duncan's multiple range test, p < 0.05.

Table 7. Changes in total sugar contents of alcohol insoluble material (AlS) from cell wall extract of ‘Fuji’ apples treated with
sprayable 1-MCP (S1-MCP) during cold storage

Application Total sugar content (ng'mg™-AIS™)
Treatment COTE_} time Storage duration (days)
(mel) (WBH)”* At harvest 90 135 180
Control - 411.38 d* 651.17a 607.90 b 566.10 d
S1-MCP 1 437.62 cd 594.50 a 610.10b 627.60 ¢
2 44184 cd 593.79 a 680.39 ab 718.05 be
3 521.62 ab 763.19a 766.45 a 827.89 ab
1 496.19 abc 684.30 a 661.68 ab 754.40 ab
2 485.48 be 619.75a 728.12a 67731 ¢
3 564.59 a 649.75a 618.49b 864.83 a
“WBH: weeks before harvest date, which was 2 Nov.
YAIS: Tt was extracted from 50 g fresh weight of ‘Fuji’ apple fruit.
*Means separation within columns by Duncan's multiple range test, p < 0.05.
Horticultural Science and Technology 859
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717 B9t 82! o] Alad Felaase] B4 WelE H(Table 8), 48 Alof] FAg e a-
galactosidase > /3 -galactosidase > /3 -glucosidase > @ -mannosidase > ( -arabinosidase > 3 -xylosidase =0 & gJo| =3It E
5], A1 0] A7t AP = HA] @ -galactosidase?} 3 -galactosidase 2] 430 S716F AL, £ -glucosidase, o -mannosidase,
-arabinosidase, f3-xylosidase S-S Thh EH4J0] E71oke AdS H GATF 11 A= uja|siynt. 118]a1 S1-MCP A2 74
S 27710l OB A 02 AT BAEA T PHL 48 Al vlsto] Z71ekAAE FAe] hdak vl m)

Table 8. Changes in cell wall hydrolases activities in ‘Fuji’ apples treated with different application concentration and time of
sprayable 1-MCP (S1-MCP) during cold storage

Storage Treatment Conc. Application time Cell wall hydrolases activities (units) *

duration (days) (mg'Lh) (WBHY* a -Galx (-Gal B-Glc B-Xyl (-Ara a-Man

At harvest Control - - 10.46 5.65 2.13 1.45 1.25 2.85

S1-MCP 250 1 7.29 3.71 1.21 0.92 0.95 1.47

2 10.82 525 2.16 1.88 1.55 2.38

3 10.02 5.83 2.63 1.43 1.20 1.61

125 1 9.65 476 1.87 0.94 0.88 143

2 12.49 731 3.84 2.22 1.84 2.98

3 11.20 6.47 3.11 1.65 1.51 2.39

90 Control - - 11.38 7.86 2.94 1.60 1.61 5.26

S1-MCP 250 1 7.32 4.17 2.07 1.74 143 2.23

2 6.39 4.59 1.71 0.89 0.98 1.60

3 6.94 4.39 1.28 0.66 0.75 1.89

125 1 6.55 3.89 1.34 0.87 0.94 1.90

2 6.53 429 1.20 0.71 0.78 1.81

3 6.62 4.15 1.18 0.79 0.90 2.01

135 Control - - 15.99 8.58 4.90 1.23 1.44 7.27

S1-MCP 250 1 7.94 5.65 2.23 1.47 1.71 397

2 7.20 545 1.27 0.92 1.09 1.99

3 6.80 430 2.91 0.83 0.87 2.09

125 1 743 3.94 2.74 1.09 1.38 2.63

2 8.75 492 1.56 0.66 1.01 331

3 9.90 5.99 1.68 1.04 1.24 429

180 Control - - 19.69 10.15 5.72 1.85 2.50 5.19

S1-MCP 250 1 10.27 7.23 3.46 1.59 2.06 3.83

2 9.39 6.01 2.09 1.08 1.42 291

3 9.19 5.72 1.49 0.99 1.05 3.83

125 1 16.11 8.80 5.39 2.36 2.96 6.65

2 13.74 8.839 523 1.49 1.81 6.06

3 14.13 7.06 3.04 1.70 2.20 9.05

“WBH: weeks before harvest date, which was 2 Nov.

YOne unit of enzyme defined as the amount of activities that released 1 mmole of p-nitrophenol/h at 30°C.

*a-Gal: a-Galactosidase, 5-Glc: §-Glucosidase, 3-Xyl: §-Xylosidase, 3-Ara: [3-Arabinosidase, @-Man: @-Mannosidase, [3-Gal:
B -Galactosidase.
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1L FA3) F2 2 HAr 53], SI-MCP 250mg L™ A2 A f-galactosidase ] B-do] 74| 2]o] H]5}o] 7H W2 H]
2 741900k TH9] ASKE A ZAS SIS, ojsh @ A TAARe] 222 237k AR ALK Redgwell and
Fry, 1993). ol 2l Al 21| 2.2 i HElS oo AL o) 8 450] Bols) YehKangetal, 1999), 1217
f-galactosidase 2] G- A| LH F3Z-0 2R galactose s 2| A7 024 IH Aslof 217841 GohS 51o(Gross, 1983;
Kang et al., 1997, 1998, 1999) T}4 9] AJ<=a}t Ak Z o] wt 11 ZHdo] ol A o2 d2{A] QItkBartley and
Knce, 1982). T F1f} ] AL ol 550) $432 ol o) ANIEITA 271171 ol Bartey, 1977) 711 €
3P} A= kY she) 2 A7 A & S1-MCP A 2] IS A =2 AL (Table 2)9F A §FK Table 3)0] G =911, T3
ol Aol 4 A(Table 5)0] A Bollaige] BAS FAZE S 1T 4 A3
Vo] BT F5H) W, <) TAo] S1MCP 250me L1 32 478} 2, 3571 gk v #4712k0] ZofAlA 3}
9 A A atago] 71 21190, WA ol HAlego] @8] ZAsHAA UASHTS ) SRS 371 S XA Eat A
8 Bl 4E0] P o] 719] el o] G2 AHEAS SAGHE BIE RSk Tt S1MCPE o} A
Ph00f s} ARRISAS ] ] ARG BT kS 1ol oINS HE7F5 A ol 7

[0

& e 8 A A 1-MCP(S1-MCP) 2|7} 3-2]" ARrko] 74%2117‘*2 A % A} A tiALe] B] 2= G

ot At R QU MM 7 e FA R 8 A 62.3NOA A7 18045l 55.3N= Aol Tefut -8
3537 250mg L SI-MCP A 2] FPHELS 47 180 o= 60N $F0 2 =0 A S ]6}&} T2 aHA o] Abeleke
53+ A] 0.36% 1A 217 18045 0.19%= 345] Ao, 48 254 S1-MCP 1259} 250 mg L™ #2] IIELS
0.32-0.33%= =] AR =] Act. WA ol el W g B4 2] ahollA] 24 180950f 326.4pL-L' 2 A 7.0,
250mg-L" S1-MCP2] 812, 3524 22| IMIE-217.99132.4uL-L' 2 vf9- e 43k H It M| 2H S50 L2291
uronic acid T A 180Y Fof SI-MCP A7 TAL 301.47ug-mg-AIS” olAko = A Al 271.72pg:
mg - AIS o] H[sto] =9ttt 2| A2 Hela4E 5 a-9F f-galactosidase E/J0] 4 717FE 2t SI-MCPA ] M
o] F2] o] Hlste] 1 ZAo] AA6] W ¢S B

\’l\)
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