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Effects of gradual cooling treatment on the skin blackening and
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Abstract

‘Chuhwang’ pear fruit was harvested at 187 days after

full bloom and stored at 0C for 70 d after gradual cooling

(GC) treatment for 20 d. Direct cooling (DC) treatment was used as a control, and this involved direct storage
at 0C after harvest. Following GC treatment, a weight loss of 4.62% was recorded. In addition. after 30 d of
storage at 0°C, the incidence of skin blackening was almost completed and incidence rate in GC treatment significantly
decreased to 13.9% compared to 72.2% in DC treatment. Furthermore, in term of GC treatment, the total color
differences (AE), hardness, and sucrose contents were somewhat lower, but the electrolyte leakage rate and respiration

rate were slightly higher than those of DC treatment.

Moreover, the contents of hexose, ascorbic acid, and total

polyphenol and DPPH radical scavenger activity were slightly higher for the GC treated samples. The activities
of polyphenol oxidase and lipoxygenase and thiobarbituric acid reactive substances were low following GC treatment,

and no significant differences in the antioxidant enzyme

activities were observed between treatment groups. Therefore,

these results indicate that the GC treatment prior to cold storage appears to inhibit skin blackening in ‘Chuhwang’

pear fruit by decreasing the chilling sensitivity.
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o ZH FEAE A= 8%le] Hal 3tk Choi G,
2013; Choi &, 2015; Lee &, 2018).

TUellA Al gk e] 3ol A7)z 3 gl
WA 7)1 ES A3 A7E52 o JEE Huyof gk
o, o}H7kA] olof ek WEet AL AAHA] Frakar
U= Aol HdAR 2 stelA] AEAE AE
o] thAFzFE ol 4] hydroxyl radical( - OH), hydrogen peroxide
(H,0,) 2 superoxide anion radical(O, ') 52} 22 &34k
A (reactive oxygen species, ROS)= A3 = a1, A4
H ROSE AE7HES] G473, g4 ksl A ol
olaf AAHHEA AZH o] Fakshto] A 2 ROS 7+
T3S FAEHGIllZ Tuteja, 2010). 12} #4234 2
2734 gQlo] ~EH AR Zgdlo] ROSTF HFo 2 Z
A, Al W7o gdo] ZAAA =W F4E ROS
ofal] Alxute] EAfshe Ao FtsE dojd = A,
o] & Ql3l] AlZ=re] Z 31/ (membrane integrity)©] <=/4-S
Y7 =™ A3 Hell EA8k= polyphenol oxidase(PPO)
2]&] phenolic compounds”} AtstE o] S| S FAJgte
24 7o) Z4W e S 2E At EAlehe
Aoz delx] drkKang?} Lee, 2003; Demidchik, 2015;
Kou &, 2015; Ma %, 2017; Lee 5, 2018).

ROSO|| 54 = &0 WolAAle IA A Z ek
T AUst, A HAle SFERL, ok 2 HAE Gl QFEA|
ofd ¥ e 84 SAEZH Y wEIEH, HER E<}
2& A8 EEE Sl ogh H| B4 o] 2Hgo]
™, & WA= ROSE 7|AR o] &3l Gitsta it
o3k g4 o] Zg-o|tHImahori 5, 2008; Lim 5, 2009;
GillZ} Tuteja, 2010). HEAQ! F4ks}E 4% superoxide
dismutase(SOD)+: superoxide anion radical S H,0,% X3¢
= HH3-2 S| 81H, peroxidase(POD), catalase(CAT) 2!
ascorbate peroxidase(APX)= H,0,5 #|A%t= 282 3t
THDemidchik, 2015). ©]AH ~E 27} gl el =
ksl Al Al o] 8ol ol ROSE &Aooz =4
HAIRE, A 2ol Wzkgh AEo] A LEH 2 ] wF
= v FAsAAY] 2Hgo] BFEshA =W 3
ROSS| 4 0 & <l3)] 4keba E2o] AsHA H= Zlo]
THImahori 5, 2008; Lim %5, 2009; GillZ} Tuteja, 2010;
Chongchatuporn -5, 2013).

AeA 5 Tt Ao Iy Aoy S
WAsl7] 9k AFES W CaClh(Kou 5, 2015),
gamma-aminobutyric acid(GABA)(Wang &, 2014), oxalic
acid(Wang &, 2016), € 3(Ma 5, 2017) 2 1-MCP(Yu
T, 2017) 53 2& eEAE o] &8, dldA B (Lee
5, 2018), ¥ 2 ¥<*2](Holland 5, 2002; Kang¥} Lee,
2003), dl¥*2](Yan &, 2013), A2AM YA (Li 5,
2017; Zhang &, 2017) 53 o] %(4) =15 o] &3

=

AE7& 5 theke W Eo] o]gE 1 9lor, o3t
R 71EE5e 2R o7

o
R 3L FRAAY PASE L7 dehls
Ao BnEm gk
wapa B AT a5 Aol

WS o] 2P REo] ALAY A LEEHALY
Fame] A ool niAE Ga Aedd 2 3
W s, W EAY Y Bad

29159 WgE BAgje] ol
48 1% AR s

N

24 it o

ME o 2

AR " A

B 23l Abgak gl 2018 Aebds LA oo
A BArE Aoz F3h) A-g-HA] ¢l W Ekx](Seungiljedae
Inc., Yeongcheon, Korea)S 2|9 Ajusli o, w7l 3 187
242018 10€ 15l F&ste] ol 12A3F B &
Adste] Ao ARSIt =3k 2] 7(gradual
cooling treatment, GC)= A& T v &EA| & A9 20C, 15T,
12°C, 9C, 6T A= 242} 3U4 AelabA] 1597 At
Aoz 255 YR, o]F 5TlA 1T7A] = sl
1TH 2525 HEWA 593 A8ttt w3t g
713+ F 20940 2aEeH, A2 FHE Felle 0Tl
Agstact dixz7= A8 F 0Tl vt=2 A %H(direct
cooling treatment, DC)3}A T 219 =32+
BE A% A MEAE AAG v 285 W 2RdRS
2 28k817) 918 F2A(55A 290]7, 450x720 mm,
SR, 7, =S ¥ a, " A FE E(micro
perforated PE film, 550850 mm, Taebang Patec Co., LTD.,
Yangju, Korea) 2.2 X748 3 0C Aol 70L 7 A%
shax I FA g ol SAdWHstE ARSI A
A7 B BE R e ddsEe A -
0.9+0.5C, 99.8£0.5%= 2| Act.

Alek

FEE G B4 9 Ak 84 RS 240
¢l methanol- J.T.Baker(Mallinckrodt Baker Inc., Phillips-
burg, NJ, USA) A&+ o|&sta o, Aite 5748
0.1 N NaOH+= U7 3}5(Siheung, Korea), mannitol, sucrose,
fructose, glucose, sorbitol, trichloroacetic acid(TCA), DL-
dithiothreitol, N-ethylmaleimide, orthophosphoric acid, 2,2-
bipyridyl, ferric chloride(FeCls), L-ascorbic acid, Folin-
Ciocalteu’s phenol A] 2}, Na,CO;, chlorogenic acid, Na,HPOs,
NaH,PO; EDTA-Na, K;HPO4, KH,PO, H,0, phenylme-
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thylsulfonyl fluoride(PMSF), polyvinylpyrrolidone(PVP),
citric acid, catechol, bovine serum albumin(BSA), 2,2-
-diphenyl-2-picrylhydrazyl(DPPH), trolox, 2-thiobarbituric
acid(TBA), linoleic acid, riboflavin, nitroblue tetrazolium
(NBT), methionine, guaiacol<= %7 Sigma-Aldrich(Sigma-
aldrich Inc., St. Louis, MO, USA) A| &S ©] &3}

_Nl_‘/
[
iy
A
ftl
o
s
BN
>
>
b
Ky

= HWEE 217} 24| E(1A]
E=207 F3e] oS AL AR E FH| e o,
FAZAP| Tl 2 oS S ES AT 2
1] S WA E(%) AIEERZ 20700l T3 2lu] 5wk
o] Hl& R AlLtel o, HFE Ave 2MEL] 35
DA ES] Fge 2 Yepith

EXEY W3 A}
THEALES 2] TEE VTR A% 7|t &
THIAE NEE(%)ZE YERN 2, 73] 2] FA 2K total

color difference, AE)= X 2]7& 5719 AR5 ©sto] 22
o] AxHF9] 37HlE AAHA|(CR-400, Konica Minolta
Corp., Tokyo, Japan)2] FzAl Fitell L2 A Z7d 3}
A2 Lak, agk, baks ©]-&3te] AlLlstaitt. 7 E(hardness)
+ Texture Analyzer(TA plus, Lloyd Instrument Ltd.,
Godalming, UK)E- ©]-&sto] #3| & A At %2 el
2] 5 mm cylindrical probe2 ¥H3 Zlo] 10 mm, }F &%
100 mm/min=. & 57H2] wjel A 2pde] Amw-9] 2w d &
S5t HEAN 2 et M4 18 E
< 9 679N A5 HulE ddete] AAF7
(FruX80, Goojung engineering, Seoul, Korea)Z 7|9} 2H53F
T =AY EA(Model RA-520N, KEM Co., Ltd. Kyoto,
Japan) = =7 8}] °Brix® WERA AT} 27 A (titratable
acidity, TA)= pH %% 7](Orion Star A211, Thermo electron
Corp., Waltham, MA, USA)E ©]-&3t] 25 5 mLol
ST 20 mLE 7l 3143 - 0.1 N NaOH §-2j o=
pH 8.27HA] 27}l NaOH Z42H] #HmL)S malic acid%=
ghikste] FAEATE S5 % 140 871 wf 178
Y 0T A7 B8 2HAAR F 1 mLe] B71E Fst
o] EHA A 71=7](thermal conductivity detector)E A2+
3+ GC(Varian 450, Scion Instruments, Scotland, UK)Z& ©]4F
shebas A EES S ste] Vel o, 42302 active
carbon packed column(2 Mx1/8”x2.0 mm), injector, oven
2 detector®] =% 2H7t 150C, 80C B 150C, ©]574<]
dE7t2=0 F452 60 mL/min°] Tt

& FEE(electrolyte leakage rate) =A}
A A FEES Ma 5(2017)9] S 27t WY ko]

Stk 2t Fdoll A 67119] disk( § 10 mmx5 mm, 2.0+
0.1 g)Z FH3lo] A& Foll ¥Yal 0.4 M mannitol -840 2
33] A1 #g %, 20 mL 0.4 M mannitol §-4-S €] 20T
A 2A1ZF HES- Fo]] A = ==% 7](Orion 4-Star, Thermo
electron Corp., Waltham, MA, USA)E °©] &3l A =%
(Cim)E SHHA. FAEE(Com)e 121TllA 1523F
autoclave(Bionex VS-1221, Vision scientific Co., LTD.,
Daejeon, Korea) =2 7143t th5 2714 431 & =435
on, Aafld FEES AL o5 A2

AAEFZEE(% of total) = (Cime / Cio) x 100

A Etl35tE(soluble carbohydrates) ¥ &
ZEHMN BE 54

I E A A IS 10 goll 30 mLe] 33} FHSFES 91
T2 71(T25, IKA Labortechnik, Germany) % &2 le] 4C
o A 25,000 xg= 2043+ Y4lEE](Labogene 2236R,
Gyrogen, Daejeon, Korea)3tith 7452 Sep-pak Cig
(Waters, Milford, MA, USA)¥} 0.45 uM PVDF syringe filter
(Whatman, Little Chalfont, UK)Z o] ¥}3+ & HPLC(1260
Infinity IT series, Agilent Technologies, Santa Clara, CA,
USA)Z H-A319th 232 Waters sugar pack 12} Waters
guard packS A AL&3 o, A8 FU S 20 (L,
oven =% 80T, ©1%5/4-2 0.1 mM Ca-EDTASY, 742
0.5 mL/min® 2 3}t FFEHZE sucrose, fructose,
glucose, sorbitol& AH&-31 oM, Fre|PEZ EEHA(R?
=0.998)= skl 4 et

) o] Foprzi2 AL FFE Murshed 5(2013)9] W
ol wret 3l #9] 3 g2 12 mLe| 6% iced trichlo-
roacetic acid(TCA)® FZ3F 3 4°CollA] 25,000 xg= 20%
7t 941 2] (Labogene 2236R, Gyrogen)dto] -2 235l
S o] gste] EAEATE 0.05 mLe] FEH e 0.05 mL
10 mM DL-dithiothreitolZ} 0.1 mL 0.2 mM sodium phosphate
buffer(pH 7.4)E& 931 42Col|A] 1583 ¥H-8-A121 F 0.05
mL 0.5% N-ethylmaleimide & 2015731, 13 ¥ ¥H&4(0.25
mL 10% TCA, 0.2 mL 42% orthophosphoric acid, 0.2 mL
4% 2,2-bipyridyl, 0.1 mL 3% ferric chloride)= % 7}3}e]
42°CoNA 4083F WA 7] 3, B33 =4 (Epoch2, Biotek
Instrument, Inc., Winooski, VT, USA)E- ©]-&-3}o] 525 nmol|
A FHEE St BT EZL L Lascorbic acidE A

g3t

EZo|d= g2 (total polyphenol content) %
polyphenol oxidase(PPO) &4 &4

TEe|dE 4F AL SR 2] 3 goll 15 mL 70%
methanol S ¥ 1L TA7](T25, IKA)Z E33le] 2A]7Hs<r
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%5952 (RK510H, Bandelin Electronic Co., Berlin,
Germany) & 4TolA 25000 xg& 20837F YAEe
(Labogene 2236R, Gyrogen)3dle] Q& 5 d S o] 8313
o, Kim(2009) 52| ¥'H-S 45 HEgste] P33tk
0.1 mL =43} 04 mL 02N Folin-Ciocalteu’s phenol A] ¥
< 387 WESA171AL 0.8 mL 10% NaxCOsS H7kshe] -2
ANA 1AZE BEE & mpo]A® Fo]E 2T (Epoch2,
Biotek Instrument, Inc.,)& ©]-&3}o] 700 nmo| A FH=E
=73l th 2412 chlorogenic acidE ©]-8-3lo] 2Hd
stlom, o] 2XE A S 1 gol| N3t mg chlorogenic
acid equivalent(CAE)E 3}

Polyphenol oxidase(PPO)Z/] 4 93 28 4AFF
A2 73] 3 go] 2 mM EDTA-Na, | mM phenylme-
thylsulfonyl fluoride(PMSF), 1% polyvinylpyrrolidone(PVP)
£ %713k 15 mL 100 mM potassium phosphate buffer(pH
755 ¥l 73R T 4T, 25,000 xg2 2087+ A E
(Labogene 2236R, Gyrogen)dte] & A58 o] 831
t}. PPO 84L& 10 uL 2E AN} 500 L =F<, 500
uL WHg-N(2.84% NaHPO,, 2.1% citric acid, 1.104%
catechol &3S £33+ % 420 nmollA] 30% A o=
5eAF 8= WskE S on, 11 3= 5
7k RS 1 wmite 2 3k o, §40] 242 unit/mg
protein©. 2 UEPATE BE F40] 4] A] Thald Huke
bovine serum albumin(BSA)Z F+22 & A}-23}] Bradford
W (Zore} Selinger, 1996)°l whel =351t}

2,2-Diphenyl-2-picrylhydrazyl (DPPH) radical
scavenger activity 24

3l 2] 9] ghiksl €498 DPPH Blud &7 5o =
H718lH o H(Kim 5, 2009), 23] 3 gofl 15 mL 70%
methanolS ¥ 311 A 3}ste] 3087 2535FE(RKS510H,
Bandelin Electronic Co.)g+ 3 4C, 25,000 xg& 2053+ 4]
#-2](Labogene 2236R, Gyrogen)dte] & 258 o] &
3tth 02 mL 55937} 0.8 mL 300 pM DPPH-&9 -2
E3kato] Ad2ollA] 2083 WA F wlo] A2 F o]
E 2]H(Epoch2, Biotek Instrument, Inc.)E ©]-&3}] 515
oA FHEE St o, o 2752 Trolox
g o] &8t AT 1 goll g pmol Trolox
equivalent(TE)Z EFATH
X &AoMEHE(TBARS) * lipoxygenase(LOX) &4
A-I
Thiobarbituric acid reactive substances(TBARS) &2
Wang 5(2018)2] ¥H S A4 WFste] 43513t o]
3 goll 12 mL 6% TCA €95 Y1 ddslste] 53 &
25,000 xg= 20'E3F A1) (Labogene 2236R, Gyrogen)s}

Ar

Atk AHS5H3} 0.67% 2-thiobarbituric acidTBA)S < H]
Eviv)Z Z38t] 121TColA 1583 it & 341 4
SEol| A WYz}sled 450, 532, 600 nmol|A] FBEE =46}
Ao, the] 418 o] 83t TBARS TS AlLkeIith

TBARS ¥H(umol/g FW)
= {645 x (Asz2 - Ago) - 0.56 x Ayso} % (a / b)
ar FFU2] HmL)

=
3t om, LOX 242 Lin 5(2016)2] WS d W
o] 238kt 30 L ZE A0 720 uL 50 mM sodium
phosphate buffer(pH 7.0), 3 uL 10 mM linoleic acids &%t
T 234 nmel|A] 337 30 MR FEE WiskE S5t
Gt 1 it 15 327} 001 S718ke Aoz Ao
st om, g49] 2L unit/mg protein® 2 YEFHATE

Ma 5(2017)} Lechaudel 5(2013)2] S L+
WA A5 Bsle] 239 Th CAT E4-E 100
uL =8 A3 1 mL 100 mM potassium phosphate buffer
(pH 7.5), 500 uL 100 mM H,0,5 %3] &3t 3 A JFF
#l-2 o] 8-3to] 240 nmellA] 3E7F 30% FHA 0 FHE
W3S =7 (Epoch2, Biotek Instrument, Inc.)dF3oH, 1
unitS 13l FFE7} 001 FHashe A o2 HoJsksl
SOD 42 100 pL ZF A7} 500 L 100 mM potassium
phosphate buffer(pH 7.5), 200 puL 2 pM riboflavin, 200 uL
10 M EDTA-Na,, 200 pL 150 puM nitroblue tetrazolium
(NBT), 200 pL 13 mM methionineS 53] &£3+ak 3 3
H(CN-T96, ProDean, Seoul, Korea) o} A 1587t ¥H-8-A]
2 A 2T Fel =23 A71A B2 Z)E Hro
560 nmell M =S S48 o, NBT2| 2h<lel] 2|4
FEEE SOD 275 50% Adlehe E40] 2 1 it
2 oAt APX €42 100 pL =8 A7} 880 uL
100 mM potassium phosphate buffer(pH 7.5), 10 pL 50 mM
ascorbic acid, 10 pL 10 mM H,0,E &3%3F & 290 nmoi|A]
283 30% 7HF o8 FHE W3S =3l on, 13
F4%7h 0.1 e AS 1 wite 2 323tk POD
gde 50 pb 28293} 700 ul 10 mM potassium
phosphate buffer(pH 7.0), 100 pL 20 mM guaiacol, 40 pL
40 mM H,0,E F23] E3H 5 470 nmell 4] 323k 302
Ao r 3= HskE S5 er, 1 wmite 12 &
=7} 001 F7kske Aoz oS wE st
FAao] &AL unitymg proteinS = LEFATE
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A&

A@Az}e] EA X 2]E SAS Enterprise Guide 7.1(SAS
Institute Inc., Cary, NC, USA)E Al&-3to] A 37|3tol| w2
Zlol= Y FEAHEA (One-way ANOVA) 2 Duncan’s
multiple range test(p<0.05)Z -2/ At o, A2

Wi ol w2 2}o] = student’s t-test(p<0.05, p<0.01)Z 2]
A€ ARHAT BE B suHEo R siglon, A
T WueEe oAtz Yl

a3 o

|‘-‘_1-|§H._ YME
= gl wE Fgule] u 5 A fo
3195& A FEE FEle] (201 T) 24
o A 12A]12F F 0Col|l vt=2 A7Fet 272 739, A%
30¢el] #o] & WA o] 722%= EA| VFEFGE O W (Fig.
1A), 24 W] 3k 2] Aol \A wEEH gl e

3'1’_]'%—-_]"?-—_]-' :": }\M‘:]'(Flg IB) 231‘% '!‘—- 5 Lﬁ]ﬂci
SRS HA2AR F 0T AR st el e

(A)

A% 304 A F 139%°] e A9 s By es
Helow, vhu] el B §9] Bk vl wlH|(Fig. 10)
P U AeAd A 2= —Lr:@‘rﬂalﬂ T e} o)
SIS Atk bl ZabQl Ao s YT 2t
aEF il 289 5% HE H] 5she] Alardje]
L3k Ao gel =, 91o] Aot o] & AL
A= W A 271l ST} ﬁ’éﬂ 1, o5
oA ATA R BASHH, T ol Fol= F9 5917t
AA3] gise Aoz AR ATHLee, 2014). 4342@
WS AAlsh] 213 vt A5 T Kang Lee(2003)
© A S dig oz 487TAM 3ARE Bt AAA ] F
0Tl A= ) 2ha) 5 Dol Fapx oz A 53]
T skl o™, Lee 5(2018)S 4783t F3hillS 20T
ollr 61t A3, 6ol BAH 1T/ &8 A
M) dojemdl F Al o vl S dAgo] el A
2 fhasigivta Huskeitt mEbd 2 Ao 2
T Xt AeAd A 220 S o83 A2
= EN dAE gapH o s AN Y] 4
F & o Addn.

1000 | —®— Direct cooling
—{+ Gradual cooling

80.0 r
60.0 r
400 r

200 r

Incidence of skin blackening (%)

0.0

!
-

40 50 60 70

Storage period (days)

Fig. 1. The incidence of skin blackening in direct cooling (DC) and gradual cooling (GC) treated ‘Chuhwang’ pear fruit during 70 days

of storage at 0C.

(A) Incidence rate of skin blackening; (B) and (C) Skin blackened pear fruits according to treatments after 70 days of storage at 0C.
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2 szl g EXSEY HE Hslof 71213k ke th(Park ¥} Lee, 2006). 53+
eEespa o W FA5A Wshe Table 13 2h Al 13.28 OBmMJ }o d 198 FFe exeaale
o] T g A7 wet felHer 5 F AXAE 10900 14.26 °Brix, 4% 702+ 15.38 °Brix
Vot A Eiﬂr(p<005) fEzTe A 708 A 7 felHe R Frlekslon, Ab e 0.15-0.17%
F3.17%9] THFHAEE e, A% A Mgl AER fAE] S WSS HolX| Wit dizTe] B
A 4.62%9] %%% 2 HYY 223 TE 0T A 7H e T ARTIte] HoAeE va S
LA 708 F 2 %4 FAQ T BAste] sle o frelA]l Aol givler, A e 27
Z 6.76%] %%%%‘2 etk Aex 5 gule) & 3 2 AolE HolA| ¥4 2esdiA el gote 2
Az} (delta E, AB)= 279 exasixe] B% A8 #Aste AFS EATHp>0.05).
109l Zt2} 2314029, 2.72+0.29= =LA S7FeFt oM, THFe WstE B 2T A% 20974 Al

o] T YT AA 7|7t ut i Zrlels AdFS Aow F7HT7E A7 713l A 3ghe] whet HAgh
_a_oq A 70L 0l 323+0.752 VER Wb e =53k ) W, 2ot g e A 73713 o] A3l whet S5

FoJn] gk 2po] 2 Holx] Pgkt), o]F % A7t o] MA13] Frkele A4S BATh of & Lafta®} Fugate
XME el = A& 2EesiA g oA Haje] A (2009)7} AP TId LR Adolr ArEdt niet &
W37t Ao o 9EEr] WEeR Holr olgdt delta ©] AF T R dFEIANA 1 Z(dehydration)©l
Ezke] W3stE Lk, bakel WsthohE agke] Svkd 2 oJe T dolubd A EAE A & (meta-
Ao 2 VEPHTHdata not shown). 217 7]7tol| w2 Z=3) bolic disruption)E Al a1, o] Al EAPst= ROS
ol Axe 2T A AH 20474 = Frleert 2 QI8 M EHe] &/ (membrane damage)©] LAY A

;ﬁ 7302 o] F 7148k a(p<0.05), SEedkA 2] Tte] 7 SEFFel ST Hed, & ARdE 2xesiA e
= EHZ?LHJ} Tk S| vEbsk o, A% 713tke] A3t o o3 TRV AY T SEHEFY FE S

01] w2 f-2]4Q] ¥isl= Ho|x| ghatt) o]t AegtA Ao E‘ﬂ‘ﬂr. o] % 5‘3 Wt F3tato] gt

= ’“‘ﬂig_oﬂ o3t Fakghamat olygl, A ex Ao up o, A3 I AR E 9k AAT A %Lﬁﬁ}ﬂﬂ
2 A2 ~Efxd Ugdhe 3 717 sz 2F = F2 YuSAgd T 9 glol A&

o] FrtelA] EAE Al xEo] Azt 9 84 GFe de 7R dddnh

Table 1. Changes of quality characteristics in direct cooling and gradual cooling treated ‘Chuhwang’ pear fruit during 70 days of storage
at 0C

Treatment Storage Weight loss Total color Hardness Soluble solid  Titratable acidity Respiration rate
period (days) %) difference (AE) N) content (°Brix) (%) (mg/kg/h)
0 0.000.00" 0.000.00® 27.2140.53"8 13.28+0.38" 0.16+0.01* 7.33+0.23%
10 0.85+0.10° 2.31+0.29" 27.5140.59"® 13.66+0.26" 0.16£0.01* 2.62+0.28"
Direct 20 0.97+0.10" 2.24+0.13" 28.97+0.65" 13.65+0.22" 0.18+0.01* 3.38+0.12°
CFDOI(IJI)lg 30 1.3240.15° 3.12+0.874 25.54+0.40° 14.21£0.57* 0.16+0.02* 3.02+0.29"
50 2.12+0.12° 3.32+0.54% 25.96+1.02° 14.52+0.45" 0.15+0.01* 2.91+0.318
70 3.17+0.20* 3.23+0.75% 25.64+0.70° 14.80+0.44* 0.14£0.014 2.91+0.12"
0 4.62+0.21° 0.00£0.00° 27.21£0.53" 13.28+0.38" 0.16£0.01° 7.3340.23
10 4.69+0.33° 2.72+0.29" 25.88+0.98% 14.2620.12" 0.17+0.02° 2.70+0.24°
Gradual 20 5.48+0.40™ 2.99+1.03" 25.6240.69" 14.6620.38" 0.17+0.02° 2.90+0.08"
CFG()lcu)lg 30 5.37+0.20° 2.48+0.42" 25.32+1.01% 15.1420.36" 0.15+0.01° 3.1340.11°
50 6.3120.25® 2.27+0.40° 25.32+0.51% 14.59+0.30° 0.16+0.02° 3.29+0.42°
70 6.76+0.29° 2.68+0.42" 24.21£0.36" 15.3820.10° 0.16+0.00° 3.17+0.09°

All data are reported as the mean+SE (n=5). Values marked same capital letter or lower case letter indicates that values were not significantly
different among storage period for the same treatment (p>0.05).
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T} tha = JERETHp>0.05). DukA o 2= A A=
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Fig. 2. Changes of electrolyte leakage rate in direct cooling and
gradual cooling treated ‘Chuhwang’ pear fruit during 70 days of
storage at 0C.

Bars marked same capital letter or lower case letter indicates that values

were not significantly different among storage period for the same
treatment (p>0.05).
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<1 sucrose, hexose(glucose2} fructose)
2t 221 sorbitol®]| ™, ©]E 3 sucrose®} sorbitol-=
= Ao Zgof ofaf U2 glucose®} fructose =
AgE = lkStum¥} Tang, 1999). Fig. 3(A)2] 22143
o M sucrose TS SETstA Y gj2FoA =
Al FA =R e, 27 713t mebA = 2ot 25
shAe] BT A7 10900 7 A HFET Srtslsl o,
A 2048 FE = achs e Bk dxTe A%
7|3to] 7333t whet A A8] Ak vHA, R =mskA P
T= A% 2049 A7 109 thH] 40.7%°] & A%
HYx, I 5 w3 39S 4R35 Glucose<t
fructose®] &2 2 YEMA hexose & (Fig. 3B) A7
o] 7ol uhe} oA Q1 2fo] & HolA| FUd thx=+-ok
= 2, 2Tl E A% 713t Bt oA e
S7Fhe Ao2 YEbthp<0.05). &AM 2T
o g o] gkoli}l Jokr}, & -23} osmotic stressel] thak
WA, Ak ~Ed 2 tigh BoAg g9l {8l o
24 53 U3 BHol JE Aoz I dthCouce
5, 2006; Yu 5, 2017). ©] & F2]de] A2 Wl a3t
ATFEL AL THY F3 wat et freldel
THE OEAR, =2 fad k] ofal A2l
Z7}3to 24 A48 (chilling injury) S ZAA1Z = 9
tha g A 9tk Cao 5(2013)2 Hld} & T2 FF
Hgl] Aol thgk Wdo]l =% ‘Ninghaibai® F3oll A
A 0 F hexose o] =T B 1319 2™, Wang
5(2016) B3 oxalic acidE A 2] gt ATollA] glucoset
fructoses 571715 &40 4] F715e] hexose &+
o] F7Fo =M A2d tig Wio] S7elitta Bal
3t WA, Holland $42002)& E*2]S %3l ‘Fortune’
9] sucrose FiFo] S7FEo. =M Aol ek WA
o] Z7}stdtha &+ o™, Yu 5(2017)S 1-MCP=] 2] g
Egotol A A4 5 sucrose el 7F A H o=
sucrose gHgFo] FHA o8 A FAlE FFolA Aol
gt ido] o =A YElsta Basigih & Aol A
fre|ge] Wstete T8 BS , vl Aot
2ro] sucrose TFHTI= &-&x] A 3= =713 hexosedl] <]
&l Fghle] 2ol FrtskRa, txTEY Skl

ot rf
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Fig. 3. Changes of sucrose (A), hexose (B), and ascorbic acid
content (C) in direct cooling and gradual cooling treated
‘Chuhwang’ pear fruit during 70 days of storage at 0°C.

Bars marked same capital letter or lower case letter indicates that values
were not significantly different among storage period for the same
treatment (p>0.05).

FFol =AW 2EwsiA el Aude] duRe s
A FAEEA )5 B E =g A Yehd Ao
=2 AdHn

Hexosex B3t ofAxm 2 H Alo|u} 712 E| 0| B9} &
Frstede] drEde Xﬂ%@ 24 akst wol7) 2}
o olx Fad A& e Ao dHA e
(Couee -5, 2006), °| & % ol~zT2HALRE A0 4t
3t AR F9] shtelth Fig 3Csh o], 7<) ofnziz
BAF HF2 A 20874 = sl o, 30 o] F
R STEAIE Bl v, 2eesiA e te A 713

o] 73l whet Hadte S Bk tixTok vl
= W A% 307 = 2wt gl ta w5
Fe Byork A9 509 Fol FAs gastun
REPET e §FS ehith oham2BALe ofy
7}7\] H| &A% = 474 929 Fdolsl] galks) zhe

= Uetli=tl, 53] frell @ dtstraH0)E 54
= ASATI= APX E0] W3 I ol HApgo A
(electron donor)Z ZH&-3FA U, A A IAbste] o5 A H
H]—_Q./ﬂ o] 7}3k a].l:] 99_'*4 @-do i;yq /\]—3;].?(—1 }\Egﬂ
_JLETE} /\1 2 x —” E_:Q:g].__ 1;-" ZQ 5} Oﬂ 1= —5]..__
Aoz dHH S E‘r(Lechaudel S, 2013). T3}, Wang
(1996)5’— ;q L2 A LX)} ofA~xmZEH /\]— ?sl-akoﬂ
FES Fo2H AL2UAAE S/ = vta Hast
AE, A2l W73 zucchini squashS A S 2 15T
A 23t 2EAE S T AFAE W, ofaz2HAt
o #A AL, A TYEE 9 UEEtia
B33 uk gk B Aol A= A7 30U 71K %E¢
3] Fo] oA~z 2B A ko] Y RFHY thA
UelstEt, ole A=A 2714 APXO] AH8-& %7%‘%
A}t T AP RS AANFoEZR 2]
S S AT = H Y TS AR F4d
1=

EEp|ul= g2k ¥ polyphenol oxidase &AM His}

ZYuse PAtsHEd 24 ROS High B AE=
gk EAloll, PPOS} A BaA dRlel doisle Zlow
g A o, ol et FEeus T PPO S
Ho) S AP A FasHA TR e aQlEe]
otk A7)z 2 FEEvE T (Fig 4A)9] HstE
AR EH, 2T ZW 3097HA] =5 Al gl 5.69
mg CAE/g FW HT} B 3eks Koo} 217 50 o]+
o STVl o, A% 71t mE fre] A<l 2po)
£ Ho|x| eFhthp<0.05). ¥hH, 2 =EkA 2l e A2
%38 4] 607 mg CAEg FW= izt Z7}atdm, A7 70
o] & 6.88 mg CAE/g FWE A& 7|17 W S7F5eA1S
Helom, ole 2EEsA e 2 AA7Ige] A i
SR 7hAao o) Ao 7 Helth(Zhang 5, 2003).
Ao e F2lvs e A7 Y 2Ee
sl A=A FAEeH, o] & 1] 2E=8HA
2o Fitshsol SRR oS Aol ThAa
of TS FUS Aoz Arhdr)

Fig. 10|41 o] uje} o] Xepiiol uhet o) 5+
T ES HA g alo] & Byl o), ﬂ%Z—’rLQ‘r 2E8HA
g]7t2] PPO S F94Ql Afo] & Holx| 3ttt 18
v dhaj e o] g5 7Y A 304714 9
PPO &/d9] Wiglad/d2 e wet th2A Vel
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Fig. 4. Changes of total polyphenol content (A) and polyphenol
oxidase (PPO) activity (B) in direct cooling and gradual cooling
treated ‘Chuhwang’ pear fruit during 70 days of storage at 0°C.

ChFig. 4B). 279 2=t e]+ 5 4% 10960 =
Z71FETE B g Bo AR 10 o] F=2e
27| PPO EA4J0] S7FeliA REEstale] et &
A vebskon, 2xesiae e A% 208 7H = 4
sttt 3094 7B A A8 S7teke Ade Btk tixT
o412l PPO E4do] A YRt A2 Yan 5(2013)°] W2t
527} PPO B/l mA|= Gkl thall Hargh ukel o],
T T 0T vtz AAste FE5Y2EA 2 12T A
AlZsto] sUnb 24 =2 W] & 302 2 A
3] Wzek & 0T A7gshs W2hd2lel vlel PpO 2493
PPO #& F7Ake] Hd & T7M717] WlZo2 KLl
25 9% Kou 5(2015)8 CaCLy b7 34
©] 4Z< pullulan Fo] Hzlel oJaf FEe]Ee] wall7t
A A= a1, PPO E/do] AAEo2H wje] Aol 7A4s
Foha sl o, Ma 5(2017) E3F ‘Huangguan® vl o]
5ppm TR AdEAS A2l o vz IS
A=ste] s o] w4 fAE L, PPO 2435
9] cutell 2Hgste] S-S A =M o] o]
FIA o7 A Edtn Bttt waky e g
¥ gy w2 PPO S Hu S HAYE AShe}

SHRAAY =

Aoz JAtE

rlo

DPPH radical scavenger activity B3}

Allan 5(2006)& A2 5o ~E#H 2 2t A&
Ao} whgell ofsl ROS= 57k o= slom, 5713 ROS=
AEESS dovle #44 8Q1e AesAY e
kst o724k SR o B M) AR EFo2RE
AEANEE BH5dhe 28-S vty Husiith 2 A
M= AEA 9 kst Wo7]2to] ] Aol 1
A& GegS dotrr] 98] DPPH 2o &A% ol &
sto] REesiA ] B A 2R ol e v EaA] 3Hikst
T B7YelSthFig. 5). A7 717te] Ao whE Sl
oo gft)Zd a5 Ay mhet efte] Ajol&
Btk #a s B Eo| B9 dix4e A, A%
1021 30.79 1M TE/g FWelE 2A%°] A% 204 o] %
HE]E= 27.28 - 27.80 M TE/g FW F =2 7H48tl e,
ol A&xlgld 2|8 DPPH gtt]Z &7 %5o] Hadta,
olg] gt gtsl Ao fhae ALNARE S7/MIZIT
3 B33 Kang?} Saltveit(2002)2] A4 zket AR A
o7 e ksl Ao ot ARfre] 7Ptz
Toll Aol HalsH LS F7MAIZ] Ao 2 ) v
Aol|, &=k g7 A% 10290 33.72 uM TE/g FW
Are] 2A%S Holtirl A% 500 35.61 uM TE/g
FW7HA] S7Fehe 202 Ve, 7T 52 3iks)
S HAHp>0.05). =35 2] gk 33 2] DPPH
o AAGo] A YeRd A2 Fig 4A)SF 2] &%
oA el FEeHEe o] O 7] WEeRE B
ol, o]¢} #FH3te] Wang 5(2014)3} Liaudanskas 5
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Fig. 5. Changes of DPPH radical scavenger activity in direct
cooling and gradual cooling treated ‘Chuhwang’ pear fruit during
70 days of storage at 0C.

Bars marked same capital letter or lower case letter indicates that values

were not significantly different among storage period for the same
treatment (p>0.05).
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5 Ao ZA3 Ao FRRAS Ve
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X|&nMsE(TBARS) ¥ lipoxygenasel| &4 Hs}

Malondialdehyde(MDA)= A A 3}1talo] 2 FAtE 24
sl ~Eg o) of gt AlaEute] X H i ikeE Hrte)
= A FAE-o]H thiobarbituric acid(TBA)$}e] ¥H4-2- o]-&
slo] g ol Zlo] dubdelth a3y TBAE B4
e 53] fructosee} TANHS-S do7]= Aoz LA
$1©](Guillen-Sans2} Guzman-Chozas, 1998), & <170 A
= fructose o] =2 Fuje] 545 188t MDA
4l TBARS oz A A 2pibslES Jeldth 48
Al TBARS -2 13.8+0.6 umol/g FWe]$low, #74 7|7t
o] Al wet F7tste RS2 UENHTHFig 6A). A
2o mh2 TBARS &de] Wsl= i+ 0C A%
3097HA] F48HA Fslth, A% 504 ol FHE = 2
WS Ho|x| gre Wk LwfslA e e A% 7|3t
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Fig. 6. Changes of TBARS value (A) and lipoxygenase (LOX)
activity (B) in direct cooling and gradual cooling treated ‘Chuhwang’
pear fruit during 70 days of storage at 0C.

Significance differences were compared between treatment groups at
p<0.05 and p<0.01 using the student’s t-test.

AR 3 A 8F 2 (p>0.05), T2 TR B
&S YERATE Imahori 54(2008)2 A2l T17H31 21 &
A5 ALAG A A S Frketta B sk
tl, o] thzTellA #7308 7k4] TBARS #kel F24 3]
Z7beta, B9 SW B Eo] =4 vEhd Ad) Bl
NS Ao werdn) K3l Maalekuu 5(2006)2 oAk
Eo] FEEAe AlEute] AuA ¢4, LoX T4 24
71 2 Alaeke] A At} S o] FARAE Zteth
3 B3k up glok wEbs =S P FE F TBARS
srere] FA43 F7hs A2 9Ja Ad#ts fd
z27-ob= 2] Table 16 VFERH v} o] LxsiAe]
of 2 FEEH4.602% FTHEE) 23 Aoz Helth

Phospholipase D(PLD), lipase$} 7 A L=l EA)8l=
A A E G4 LoXE Al xdhe] EXsA|ite
o] ROS 59| AbstE-& Aot A its] ukg-
7171 W&ol TBARS 3t 233 JadAE 2
Aoz dHA o™ (Zhang 5, 2018), & AFoM =
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Fig. 6B)ollA] & A] LOX €42 75.943.9 unit/mg protein
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T4 S 7M7) Aoz A sl thMaalekuu
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s} AA<}F ROS Alele] #8-S fARIE) a3y o2 714
2E# A 370 =E5A 2o ROS7F HHEWA &
AESRROS Atele] o] ZAX|A] Ea, o] & Ql&l o2 714
Ae)aal 7} @A s Al B tHKumar 5, 2016; Ma &, 2017).
"47 gatalA Al sldslE SOD, APX, CAT 2 POD
o} & §AEL ROSE AlAI] Alxute] Aol
A BEE Bod Fo2m A} Afhe] ZHE
WAeh= A2 4l AtHKou 7, 2015 Ma 5, 2017).

ksl a o] @42 Fig 77 2t} SOD Eae 2494
22321 superoxide 2+t (0, ")ell 2Hg-3t] H0,S A
s, 13l g HyO,= APX, CAT 3 PODe]l oaf 212 o
2 73 282 2 EokGillZ Tuteja, 2010). Fig.
7(A)NA 9} o] SODe] B2 tj&19) 2EwelA e+
BT A7 717ko] AAghel| whet frojd o2 st o
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20U 7HA] = 2FRte] A FAE Holthr) 30Y o] FH-E
= @49] Wisrt Al vEhA] ekttt iAo 2 ik
3} &4 F POD2| 4 (Fig. 7D)& HET-9] 7%, A%
2095 AlLfstie 27| Y e 24S Belon, &
EEstA B e CAT 499 AR Ak Blch #4174
047 & 271X B EagAdo] HAastiaA] tiTE
o eole] W @S B o, A% 20 ol Re A%
717ke] Aol wEl §4 FAE FTlekE,
Chongchatuporn 5(2013)°] H.a13 A2 A 77|7to] A
F3ho)] wha} A Lol 2830z A Lol et
7] oz M8 5= gt}

Fig. 16]A] A& v} o] sl g]of ofa) 2}
S AL dA 3] skl o, Hujge] F435H
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Fig. 7. Changes of activities of superoxide dismutase (SOD, (A)), catalase (CAT, (B)), ascorbate peroxidase (APX, (C)), and peroxidase
(POD, (D)) in direct cooling and gradual cooling treated ‘Chuhwang’ pear fruit during 70 days of storage at 0TC.

Values marked same capital letter or lower case letter indicates that values were not significantly different among storage period for the same

treatment (p>0.05).
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Tt grold a5 kst aae] ddo] 7
OJOH Agsl A EC] =& AoR U
S, 2009). whER A0S 7R ek
%73 (thermotolerance) & A A A& Eol7] 913
ATEC] Bo] HuHa glon, o5 Folle A-2A47%
A ol A& T 2EAE &8 457 Brh
= F ‘Fortune’ % W 37C €A 2(Sala®} Lafuente,
1999) ¥ 53T € X%“J(Salag]r Lafuente, 2000), ‘Satsuma’
EZF Ud 50T @44 2l(Ghasemnezhad 5, 2008)= A<
XH} Al @AkstE A 53] CATS] &3 SAAIA A2
g WS =ole Aoz defA ok HE3 ‘Huangguan’
Hle] 10T, 3¢ AL &, 2017) © Fae] 12C, 1€ Az
(Zhang 5, 2017) & A=A & o]&3 APA = #2A
gl ofgt rtstR o] g S7tet AU Tl &
o] FAAAZE = A= YeRTE 221} Hodges &

(2004).3 xqﬁ_oﬂ 3t YA-& Akt g4 g4 oﬂ o3
M AR E = A ol doikEe] Bfsta e
GakstEA o] eFoly 2Ed A~ 2o =EH S
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