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Changes in the Content of Individual Phenolic Compounds in Apple Slices during Cold Storage
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Abstract

The objectives of this study were to provide fundamental information on how individual phenolic compounds form on
the inside of apple slices during cold storage, the changes in the content of four types of phenols, ingredient variation of
individual phenolic compounds and the influence of phenolic compounds on enzymatic browning. This study measured the
changes in the content of soluble solids, pH and vitamin C in order to investigate the correlations between these variables.
HD and FA were the main phenolic compounds found in the apple slices, and HD was the most prevalent phenol.
Furthermore, comparison of the CG and EP content revealed that there were more CGs than EPs. The phenol content
tended to decrease considerably in the fresh apple slices and water-dipped apple slices but only slightly in the CP from
sucrose-dipped apple slices and 0.5% ascorbic acid solution-dipped apple slices. The degree of browning increased in the
following order: fresh apple slices, water-dipped apple slices, 0.5% ascorbic acid solution-dipped apple slices and CP from
sucrose-dipped apple slices. The vitamin C content tended to decrease in the fresh apple slices, water-dipped apple slices,
0.5% ascorbic acid solution-dipped apple slices and CP from sucrose-dipped apple slices. The pH tended to increase in all
sample groups, but the pH of the water-dipped apple slices was lower than that of the comparison group. The CP from
sucrose-dipped apple slices had the lowest value of pH. The change in soluble solids tended to increase in all treatment
groups, but this increase was less in the CP from sucrose-dipped apple slice. Correlation analysis revealed a high degree of
correlation between browning and chlorogenic acid content. The results of the present study show that, when stored in the
fridge, the change in phenol ingredient content in apple slices influences the browning of the slices. The results also showed
that HD and FA were the main phenolic compounds, while CG was shown to have the greatest influence on browning.
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AlFAR oA A 2 7 UdRo] maA 4W
o BaAse 2% low Fasit 5 Azl
discoloration& PPO(polyphenol oxidase)&Alo] 2]t ¥
=31eHE9] Algtol| 7]1gtth(Bruda 5 1990).

Peleg 5 (19912 #lE/dw-2 A=l g2 EA45t ol
= AEO] BAE, 4, WA, o] HeEnhar
Skl Amiot 5(1995) Hls -2 FF, A=A}
72 T A 2o w24 HItkaL shglth il F
o] Hl=A S48 A, M4 PPOS] 71 1Al
Lol 715 aAlEmA dEA Uk 53] AR 9] s
A E4-8 PPOQ] 24 Wg} 7y AlEe] B 4 W
Slof] Q3 FS A= AECITHE T 1997),

(hydroxycinnamic acid), FA(flavan 3—ols)7} 7} &9
3l 0]5- chlorogenic acid(CG), (—)epicatechin(EP)
5ol T2 £H12 flavonol glycosiders(FO)2} dihydrochalcone
FEA(DC)7F 45 EAZHH(Goupy 5 1995).
AT A S] BAH 2 SEE PPOZET Hi 5
Tof ok Hr=r}il 619 0 (Harel 5 1966; Coseteng
& Lee 1987) AFollA] chlorogenic acid’7} 8 Hl=AE
o|u(Walker 1975) FH|is Fre Aotz &<t H|wA
U3 =S FAIRTHAL 3tk (Coseteng & Lee 1987).
Alg7H A 2ol #et Hs IHEY] d4te e St
N8 s ol ek Ak ool dukso] HilEgle
W 8 #HE SRR HDOF FAAHow o]F CG7F 43
f9lo] & Ao F HIESR S (Spanos 5 1990; Amiot
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5 1995) Z|<L CGHU: EP 7} o J3FY Qlvkal HuEgl
t}(Bruda 5 1990). chlorogenic acid®?} catechins¥} Z+
o 3 A s R ES Agels Bt Mst 1
1= ItH(Walker 1969; Mosel & Herman 1974), ESF 7))
9 SR Ee 2 &wsk AR hEc B st
(Oleszek = 1989).

JBER o Fa3t A8 o= i HEstEY
A7F Faztd] ofAl e Tl HFe A7t 5 o|FAL
Rom ARe] s nk A7k tigt At 1o
22 ol (Bruda 5 1990) 3} 4| FAIYQ] 5729
o] what WAk A4o] HEske| a1 Q= A oA WA A
% Al 78 el Wl the 67} Basha A
2y,

olo] & ALoAL Ahn & Lee(2005)2] YA 2%
Atk eto] A 0] Zof njX| = ZAWAA| ] antrt =
Aol ZAHA A caramelization product2} A& Z
WA A ascorbic acidE A §H o= sto] Y AAFH
K} Zrefol o] Zhle] O3t ol 4 WMBkRa o e} 7+
He WAsE7] Q1% of2] 714 A HHEol o ZiE )
=

N

= g I EE W AR F AR & A glsst
5o &, A% 7|7k w2 Al HEsighEe] A8 W)
oF a4% Zwo| vx= gy vlelnl c¥s}, pHE}
soluble solid §& ZHslaL oF 719 AAE Yot
Hz} gk,

I Ay Az Y

2 Aol AHESE sucroset= SigmaAh(St, Louis, MO,
USME RE 3T, 7Ie Aloke: diiAlerg A-get
Aok YEAT S AR ARE AlS FARRER 3°C W
ol AEEA AR ARSI,

2, Agdd

1) Atk Zejolao] 1A @ W

(1) HAEH A=

ARLHBL 0 5% ascorbic acid®} 1,71 M sucrose -2
< 200°COA] 607 71Este] /4R 50 mLE A-835)
o AR

0o

(@) A} grejolsel A W A

AHFS food processor(General electric Co,, USA)Z
3 mmé] FAZ Ak & 274 2.8 cm cork borer® %]
QHz7]0] Sefo| A% WSl AAgalIT Al Zetol s
10 & HA89 30 mLe] 1027 WA F Aol WA B
S M T SHAR 5 7PHA AlA F polyethylene(PE)

A el o} 92Uzt 3Colq Agle] AME ST

<Table 1> HPLC Conditions for the detection of phenolics

Column columnl: Delta Pak 15uC18300A° (3.9%x300 mm)
column2: Delta Pak 5pC18300A° (3.9x150 mm)
Column temp. |room temp.(column 1)
35 Celsius (column 2)
HPLC pump | Waters 510
HPLC injector | Waters 712 WISP
Detector Photodiode array detector Waters 900 at 280 nm
Solvent A) 10 mM KH,PO4(pH 3.0)
B) 100% CH;CN
Elution Time (min) solvent A solvent B
0 100 0
38 58 42
40 58 42
45 0 100
50 0 100
55 100 0
Flow rate 1.0 mL/min
Run time 55 min
Equil.time 5 min

2) Akt gefolse) At &

AR Tl 249 WEE BN Si5to] 4B &
NS HPLC(WATERS 50, Milwakee, USA)S ©]-8-3}9
(Table 13} e 27102 HASIL}, ofn) E2 3% 2

Z 2= chlorogenic acid, caffeic acid, p—coumaric

acid, ferulic acid(£), catechin, (—)epicatechin, quercetin,
phloridzin®ZA] SigmaA}(St, Louis, USA)Z HE ¢t
o He AFS 99t standard curves= (Figure 1)3}

e,

3) Spectrophotometero] &gt 2 WHsl=H4

Ak 520l 50 goll 100 mLo} %

(Galuxie, USA)oA 187F #3435} 3t & 800xgof|A] 10&
7+ QA By)skal AFg 10 mLo]| 95% ethanol 15 mLE
A7helol BRI 800xgolAl 1587+ A2 st
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<Figure 1> HPLC chromatogram of phenolic standard compounds.
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5) Soluble solid 3 =%
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A3} gk F 800xgollA] 1087 A4 £t & A T
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W AR 3 Aol g pHE 7 AR At &
Zfo]& 50 gofl 100 mLe] FRE ¥ol 11t =¥tz
A3} A7l & digtal pH meter(Hanna Instruments, HI
8418, Singapore)ES Algsto] =451}

3. 84 A2
Al Ail= Statistical Analysis System(SAS) pakage
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%2 Duncan Th$] A% o834}, 2 Aol At
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—
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(Table 2)°o|4 ZH AXE fresh apple sliced 0| SF
%7} 0.083004 0.247%, Fof HAFE AlREaH= 0.0779]
A1 0.2300.2, CP AlEg-2 0.1080]4] 0,218%, ascorbic
A FETS 0065004 0.2008 Z7}18k5ith CP AlRFS 0
olgjol] ZH Awr} 71 At o] AL lehals}l w0l o]
Al Bolgt AZFE ™ fresh apple slicent?] 2 S71H
gt 2% S7HE2 =0l AR AlEte] 93%, ascorbic
ARFL 82%, CP ARTL 67%2 71 AL Aoz 1}
ettt v AEte] Ais Tt fo0AQl Aol
ELEA] gkt

weba] CP A&7}t ascorbic A|EFo] 2 Ao &
7t Qe Ao E YERG O™ ascorbic AR ETHE CP
AlEsto] B ByARl Ao s eyt
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<Table 2> Effects of various dipping treatments on the changes in
browning intensity of apple slices during a storage at
3°C for 9 days 0.D. at 420 nm

Storage day (day)
Treatment
Control 0.083 0.148 0.195 0.164 0.196 0.247
Water 0.077 0.140 0.187 0.150 0.188 0.230
CP 0.108 0.132 0.176 0.154 0.185 0.218
Ascorbic acid 0.065 0.103 0.159 0.139 0.182 0.200

0 1 3 5 7 9

Control: fresh apple slice

Water: water-dipped apple slice

Ascorbic acid: 0.5% ascorbic acid solution-dipped apple slice
CP: caramelization product from sucrose-dipped apple slice

ol2fgt AIh= Kim 5(1993)= ol2] &% AHke] GA 2]
7k Alo] Wstol A A 717 FoF B A AErE St
ol Aee Bolon dAeidto]l W ZWE Itk e}
R i

3HH Costeng} Lee(1987)= o8| #F Ate] A<yt
A7) HEE ATtollA AW A= 283 SIS 11 o]
Do st BFE Bkl shlen Amiot 5(1992)
2 Al EZ2E F9| Elstar, Florina, Mutsu, Golden2]
=

Zo]| A oFst ZMHES, Fuji, Red delicious, Macintosh
o] EXE2 71t S MM Granny Smith &5
2 ope molrk sheich

9ol Ao F7he SEtol R QIgt 220 why|Hof
Azt 7189 A5 7187} F7hE90] tholet Az
of Zlct

2. Mg miz 429 #Hst
B A% 5 vls el Meks ths (Table 3)3 At}

1) Hydroxycinnamic acid&

hydroxycinamic acide= F=2 A o= Yeghty
organic acid sugars, amino3glE, A%, terpenoids,
flavonoids®}t lignin®] el 24 #oist7] = it o]
52 alkaline hydrolysisol|] we} F&5 07| wj&o
phenolic—carbohydrate ester24] ZA¢tcl(Peleg 5
1991),

(1) chlorogenic acid

{Table 3)olA YA A%} = chlorogenic acid g2 H
Slol| A fresh apple slice©] 8,754 mg/100 gof|A] 4,646
mg/100 g& 47% FAdl= AFFS Hgon o A5
AlZEa= 5.698 mg/100 goll 4] 3.058 mg/100 g= 46%,
Zase ARS Hedom CP AIRZS 3.812 mg/100 g
oA 4,296 mg/100 g& 12.6%, ascorbic A|&ET-2 1,920
mg/100 gol|A] 2.160 mg/100 g2 12.5% Z7}6H= A
Y
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<Table 3> Effects of various dipping treatments on the changes in individual phenolic composition of apple slices during a storage at 3°C for 9 days

unit: mg/100 g fresh weight

5 Hydroxycinnamic Flavanols Flavonols  Dihydrochalcone
i CG CA p-C FA CT EP Qu Phn
Fresh apple slice
0 8.754 0.836 0.248 0.220 0.738 3.846 tr 0.302
1 5.146 0.546 0.196 0.138 0.378 2.540 tr 0.526
3 4.920 0.572 0.088 0.104 0.262 1.980 tr 0.382
5 4.610 0.426 0.098 0.252 0.352 1.860 0.130 0.310
7 4.468 0.390 0.082 0.182 1.032 1.708 tr 0.300
9 4.646 0.474 0.184 0.288 0.864 2.244 tr 0.238
Water
0 5.698 0.814 0.814 0.202 1.854 3.294 tr 0.136
1 4.730 0.816 0.110 0.148 2.028 3.230 tr 0.234
3 4.810 0.844 0.310 0.268 1.630 2.900 0.062 0.360
5 4.300 0.620 0.086 0.292 1.530 2.200 tr 0.304
7 4.574 0.640 0.086 0.200 1.370 2.372 tr 0.202
9 3.058 0.556 0.098 0.122 1.270 2.262 tr 0.100
Cp
0 3.812 0.382 0.120 0.264 0.544 1.660 tr 0.126
1 4.524 0.484 0.140 0.244 0.402 1.886 0.062 0.274
3 3.942 0.392 0.246 0.176 0.302 1.500 tr 0.276
5 3.712 0.440 0.120 0.176 0.440 1.650 tr 0.252
7 3.552 0.370 0.070 0.170 0.646 1.532 tr 0.186
9 4.296 0.448 0.238 0.172 0.492 1.826 tr 0.318
Ascorbic acid
0 1.920 0.200 0.420 0.140 0.280 0.820 tr 0.060
1 2.260 0.240 0.060 0.120 0.200 0.940 0.030 0.140
3 1.980 0.200 0.160 0.100 0.160 0.760 tr 0.140
5 1.860 0.220 0.040 0.100 0.220 0.820 tr 0.130
7 1.780 0.200 0.040 0.112 0.820 0.780 tr 0.090
9 2.160 0.220 0.060 0.100 0.250 0.920 tr 0.160
Ch(l}: f:clillprogenic acid, CA: caffeic acid, p-C: p-coumaric acid, FA: ferulic acid, CT: ( & )catechin, EP: (-)epicatechin, Qu: quercetin Phn:
phloridzin
*tr: trace
Chlorogenic acid 3HeF HI}o|A 0YA] fresh apple = Ao = e}
sliceqta} =of A7 Almat2 8.754 mg/100 g, 5.698 ol AitE CGr7F ZAWel IS vA= 84% AL
mg/100 go|™ CP A|&+1} ascorbic Al&w2 BF o] 7+ 2 F4H

4%k 7kl 3,810 mg/100 g, 1,920 mg/100 g2 dH+= 35t
=o] AsfiEo] HaH g2 UEle A St ol w1
F7hee 2ol

Fresh apple slicext®} =of] HA[eF Almat A% 7|7k
&t CG o] A Hadt=tl| 4tk o] quinone® /st
= AW @l AsHs Aes Yz,

I8 CP A&7} ascorbic Alg&E-52 A3lE AtElo
Al o] A% 717E Bt o STV AEE UE=
o] o]= JAHZ9 2Hgof o8l CG=ol A= Tkt ot
Al o] Zefe] Hlis® HAY quinone P4l Frolsh
A o= ozt 714o] H o= AYztE

P EE sucrose®| 7lEPHISt RESAY S A A5)
St ke sl Ao 2 YElit), E3L fresh apple slice

oA CGo S Sl A of 58.9%5 skl

(2) Caffeic acid

(Table 3)°|A WA A& = caffeic acid F=Fe] H3}o]
A fresh apple slicewt©] 0.836 mg/100 go|A] 0.474
mg/100 g& 43% [4dhs B Hlow o JAgH
AlJE-= 0,814 mg/100 goll4] 0.556 mg/100 g= 31,7%,
Hashs AeFE Hlon CP AlR+-2 0.382 mg/100 g
oA 0,448 mg/100 g& 17,3%, ascorbic A|&=T-2 0,200
mg/100 gl 4] 0.220 mg/100 g& 10% S7}st= A
et

71 %E CGeF H]s=gt F&FS YER o] fresh apple
slicestd} Bof A3t A|F5--2 A4 7|7F Z29F caffeic acid
gleFo] A7 7FAasl=t] AF8lE|o] quinone@AJsH= Zhd
ol 71AR AR AR AYZbET



2L} CP A&7 ascorbic A|RTE-2 A3E Aol
Al o] A7 ot S7eke BEFe UEil=T
o= YX|HZ9] 2-gof o) caffeic acidgo] AR2H= It
7h oA gHlE o] Eefjo] HEE EHAY quinone FAJOl
Troahr] ob= ofet 7]do] | o= A7,

(3) p—Coumaric acid

(Table 3)°)|4 Y& A& & p—coumaric acid g9
H3}ol| A fresh apple slicex©] 0,248 mg/100 gol| Al
0.184 mg/100 g2 25.8% 7AsH= AT Helom 2o
A Al RS 0.814 mg/100 goll4] 0.098 mg/100 g&
Tradhe AgS HYom CP A& 0.120 mg/100 g
oA 0.238 mg/100 g& 7}tz AFSE How
ascorbic A|&ETS 0,420 mg/100 go|4] 0,060 mg/100 g
= st AT dehich

p—coumaric acid ¥ chlorogenic acid &}
caffeic acid $<F H3}Q} t}24] CP Almao| At #A&; 7]
2 59t S5 AoR vk,

Janovitz—Klapp 5 (1990b)2 p—coumaric acid= ARl
o W2 E ] o-diphenolases®] A|A|e}t s
flavonols o—diphenolases®] 2Fst 7]&o| F A% ZHH
WA= AREl= SHYA ascorbic acid®] 4HekE A]8)
St= Aoz wWolrka KISyt

(4) Ferulic acid

(Table 3)°|lx W& A% & ferulic acid 32| HS}o
X fresh apple sliced©] 0,220 mg/100 gol|A] 0.288
mg/100 g2 A% 7|7t 5ok 27lo] Gasht 275 7
¥ Helow Fof JAFE A&t 0,202 mg/100 gol| A
0.122 mg/100 g= A% 5o 7ok Z7bstul Tha] 7
St APE HAoH CP A&t 0.264 mg/100 goflA]
0,172 mg/100 g2 7ASH= AEL, ascorbic ARt
0.140 mg/100 gollA] 0,100 mg/100 g& ZHAdhe Ak
Uit

Fresh apple slice7} ol A3k A 2ol 7ok
2ot QgsA ore AS Uehie 0P AR
ascorbic A|RZIHE ZAsHe A Lrekfglet ole
Sl AA5}A] k= WHElE n|Fo] Ho} ferulic acid®] W3}
29 WS oGS VA ghe A AziEol

ct.

™ol

2) Flavanols

(1) Catechin

(Table 3)o|4 WY& A% 5 catechin F=Fe] HI}of| A
fresh apple slicex©] 0,738 mg/100 gol|A 54&] 0.352
mg/100 g2 7rAsitt 994 0.864 mg/100 g2 715
o Eof HARE AlE= 1.854 mg/100 gollA] 1,270
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mg/100 g= FAsh= S B0 CP Almw2 0.544
mg/100 gollAl 0,492 mg/100 g, ascorbic Al&t2
0.280 mg/100go|A] 0.250 mg/100 g& FAdh= HFS
Uepict.

7| %= CGe}F H]5=gt HEFS YER o] fresh apple
slicedtd &0 ARt A7t A% 7|7F 59 catechin
rgol A stz 4kekE o] quinone®@ st A
wpoll 714 Aol AeR Az,

o3t Hl=9 Ao thdt 2 Moseld} Herman
(1974)& catechins %7} A= & /)L7F 4dt=
S JERHTHIL B 31819al Burda $(1990)2 &A% 7+
HOl 9 FAAE catechinolel s Al <4 5 A
2] sk Bo} AAsHE AR vehde,

d3HYy CP A|&41} ascorbic AR5 Aa1E ArE]ol
A 2jo] A% 7IHESE oK Z718s AR VERi
ol HANE] 2o oI5| catechinSo] ALBFE|AT}}
THA] o] 2ei9] Hiisg =AY quinone B/dol 7o
514 9k oFet 7o) B o2 AzkEIrt,

o

it

(2) Epicatechin

(Table 3)YA Y& A% 5 epicatechin §HFe] W3}
A fresh apple slicex©] 3,846 mg/100 gof|A 9L
2.244 mg/100 g& 41,7% 7Astgon o s AR
F 3,294 mg/100 gollA] 2.262 mg/100 g& 31.3%74
o= S o CP AJR-E 1,660 mg/100 gofl 4]
1.826 mg/100 g2 10%Z7}5}9 2.0, ascorbic A|Ea-2
0.820 mg/100 golA 0,920 mg/100 g& 12%%7}5}= %
& e

6]7| M= caffeic acid®} H]<=8t A2 e O] fresh
apple slicetd} &of IAg A2 A% 7|7F &<
epicatechin gFego| A adl=t| o]= ABH=E| o] quinone
WS 2 B 782 BASKs Aoz b,

I CP A&7} ascorbic AR5 A3E Aol
Al Tejo] A 717t 53t O ST AR UE=
ol oliz AA9I52] gl o3 epicatechinBo] A5
St} tha] EHlslo] Relo] s w7t oRt 7] o] ©
Aoz Azhct,

Burda 5-(1990)2 Alte] H= S1gE Aol 4] epicatechin
2 Z7)o] Awel FAFIT 1 ol 5ol YT 472 Lt
Wk st

3) Flavonols

(1) Quercetin

(Table 3)o|lA Y& #4 T quercetin FFo] W}=

= Aol Ao AAEA] & Hro] SAFoeR U
Byt O™ fresh apple slicett2 544 0.130 mg/100 g,
=of MAFE A== 394l 0,062 mg/100 g, CP Al&
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2 2¢Ao 0.062 mg/100 g, ascorbic A|l&E2 2Y
o] 0,030 mg/100 g == AR YeyiT,

olgfdt Aik= AR} £9 ¥ii5R{ F querceting I
th= gAof wol gHEo9l7] wiEolet A2t ol=
Burda 5(1990)°] Ak} AZA AT quercetin®] A= L
Thal HArgk Zp ARl

2

fr

4)Dihydrochalcone

(1) Phloridzin

(Table 3)°l4 ¥7F A% & phloridzingrgo] H3}e) A
fresh apple sliced=©] 0.302 mg/100 goj|A] 9L#A] 0.238
mg/100 g2 Fastgon o HAgE Almd= 0.136
mg/100 gofl4] 0,100 mg/100 gO & Fadh= 4eE Kl
o P AJRFL 0.126 mg/100 gollA] 0.318 mg/100 g
=2, ascorbic Al&w2 0,060 mg/100 goA] 0,160 mg/
100 g2 F7Fsh= AeE YERTh

o7|A%= CGeF |3t A3FE UEfo] fresh apple
slicext¥} =of| JA|gE A&t A% 7|7k 5<F phloridzin
ool A Hash=tl 4kekE o] quinone®@ st A
Aol 714E IASH: Aor Az,

It CP Al ascorbic AR5 A sliE AEfoll
Al TEjo] A 7|7t 3F o STk AEFE UEhie
g o= MA|AE9 A8l o8l phloridzingo] AFSHE
t7h oA shlE o] 2o e EAL ofgh 7]Ho]
Aoz A7tent,

ol/Fe] /Nd wiisslehE el Walol thgh 99 A=
2 Hol WAk *%} == phenolic compositione AsHA
' 2718k Ao® Ueton] ofz ozl A Au} o
2|8y &FFoll A= hydrocinnamicH<Ql chlorogenic acid
7} 7 Fow 1 the-2 flavanol®<Ql epicatechin)
caffeic acidyz=0]¢l o5 ZHoll= chlorogenic acid,
caffeic acid, p—coumaric acid, catechin epicatechin,
phloridzin 5°| #ost= Ao 2 e FOH o]= fresh
apple slicext®} Eof AX|gt A|&o| A chlorogenic acid
o] fago] 7MY AA vepstow vl lepEs) vhg-Ag
AEo] ZA|3t sucrose A|EF} ascorbic acid 8o 3
A%t ascorbic acid AR S7Fk= AFS HATE.

ol2]gt A= Lee 5(1990) theet F59] wlollA 74
1A HselRbeS a8 AsE driA] fashes A
Holy F9 9&E2 catechin, chlorogenic acid,
procyanidin B3, caffeic acid 5°|% chlorogenic acid,
neochlorogenic acid 59°] @ o] Bixsln] &£ o}
e Ajol7} sickn s Avket AXsct

g 2 QoA CGel g0l 7P 2 AR Uskoo
0|= Janovitz—klapp 5 (1990a)2] A2} PPO= epicatechin
= catechin® T} A o]% chlorogenic acid”} 28] ©]AF
o FAE 7 b Hm RS2 71EolAY AsiAE

A AZrE]o] A th= H 319} Goupy 5(1995)2 catechin,
chlorogenic acid, epicatechin® PPOo] &2 7]2o|H A}
I PPO= ol Hli &4 7|4Eol g o 714 SolA
< 7oL skglem £8 #lsF HD, FA, FO, DC= 9
N FFolA HA #=2] 80-90% A6k HDE| 8 3}
A=l CG= v =UThaL Hargh Ayfer J2|skelrt,
$+H Janovitz—klapp (1990 a)2 CG2} catechin®| Z+
Hof| grofsh= slekEoln o) 22 Aol o3t 4ks} viAY
=9 A7l oJsjAetar sk oH o—quinoned THE
phenolA8HEFEE B AA coupled oxidation HAUZ)
O3} =2 flavans 4B 4= QItkal SFGITH(Cheynier
S 1988; Cheynier 5 1989; Oszmianski & Lee 1990).

Murata 5 (1995)2 chlorogenic acide= 8 ¥|&0]H
catechin F438] 7Aste] 20| =8 F3sh=t| 1 o]
G+= A9 ABHIAEL chlorogenic acid2r) © 2 A
FEg woiEs] uolet shict,

Z]L Burda $(1990)2 epicatechin procyanidin B27}
CoMTh o we ool etk S0} 2 10} A
54 Qpskeh, ol Aglzae] Aold] oja Ao A
et

Dijkstra®t Walker(1992)+= AFLol|A] T2 Zhdol| thaj
W 2 B AT 27 Bl ATl 27 DAL
catechin, chlorogenic acid, p—coumaric acid-F-=|7} &
B3] ¥2 ZZ|o| A catechin, chlorogenic acid:= Z7A
A8 o caffeic acid-S 275kt skt

3. Vitamin C gl&fo| K3}

WA & Abkaeto] 29 vlEl CeFe] Wh= thy
{Table 4)2} Z¥t}. total ascorbic acid(TAA) 3HFo] WS}
= fresh apple slice”} 60.4 mg%ol Al 32 mg%= 47% 7+
Aoh= S UERl o Eof| JARE Al E= 58,4 mg%
oAl 33,2 mg%h= 43%, CP A|22 57.2 mg%ol|A] 52
mg%= 9%, ascorbic AR 264,4 mg%o)| A 244 mg%
2 7. maehs ARE Mgon Auiwel AnE 7o) &
o0l Zjol7h LERFTHp(0,001),

W A 5 TAA g Hsk= AA|X S8 fresh apple
slice)Eof AZX|st A|EF)CP A& yascorbic A|&a &
o2 sl 4TS MYt

o|g|3t A AJFE Weller(1997)= ascorbic acid
oxidase®} T2 T4 WFEOR Aok A ojA] Kt o 4
of Q7] wjolzt Fom A% F HA&Geto]Lo) whe
ascorbic acid ¥E= ZHE ¢ & dojuA shy 1l %
A9 ML ascorbic acid HE=o} WASIcIa B 1590
B o= 2 Aol sl YAlss

$FH ascorbic acido] gt A+ = Sapers 5(1989)2
ascorbic acid®] ¥ ZHH AEE AsksH lag timedd
ZA 71tk B 1181 2™ Seib & Lino(1987)% ascorbic



<Table 4> Effects of various dipping treatments on the changes in
total ascorbic acid content of apple slices during a stor-

age at 3°C for 9 days unit: mg%/100g fresh weight
Storage day (day)

Treatment 0 1 3 > 7 J
Control® 60.4 59.6 48.0 404 352 320
Water™ 58.4 564 54.0 48.0 364 332
CP® 572 564 556 52.8 54.6 52.0

Ascorbic acid* 264.4 261.2 264.0 256.0 252.0 244.0

Control: fresh apple slice

Water: water-dipped apple slice

Ascorbic acid: 0.5% ascorbic acid solution-dipped apple slice

CP: caramelization product from sucrose-dipped apple slice

a,b: Means with the same letter are not significant differant
significant at p<0.001

acide= 85, A9 9 a4 8o o SAETaL Hal
Bl

Weller 5-(1997)2 carambolar®] &&}o|AE 4°C A%+
A]l ascorbic acid’} ZTASI= AL HF O 1% citric
acid 2} 0.5% ascorbic acid *2]§t Zo] ZH Ao &
Sjole} shdh ol B Q1o Aol Ak AP

W AY & Akkseto]A9] pHO| W3k thy (Table
5)9}F 7k,

Fresh apple slice®] pHE= 4,694 4.9322 5.1%, =
of JA|g A Fl= 4.620014 4,792 3,7%, CP A&
4,604 4,772 3.7%, ascorbic AlFE-2 43004 4.86
O & 12.2% 7V A UEriG o A At
5 1H] FAHQl Afoli= YEhA] gkl

= ANETEY pHE| B3P} S7Fshs AEE UERLS
o t2otEoh JAFE9] pHEkO] § WA UEETh ofF
CPA|ESEO] 7 W 3he yEpilch

3HH Coseteng 5(1987)2 24 A=of W& Al &t
0] 29| pHO| Hh= YW 07 Frlek= FdE UERT
3 Basylon o] 72 k9] thate] el Yofuhi= Ak
Aol Axpet Bkt o]Ae & At ket g
Clyi=g

FE3E Kim 5(1993)2 ARtk &Eto] A9 pHYF 2% 5 <
b F7 ekt s19lom Weller 5-(1997) do] 4 &
2fo| A0 AXA] pHYF SV k= S Boon tiRto]
&etolA At Ho} o & gk UEpi o 84 Kok
4.4°C ARA| o F71ek= A3 veplokar sk,

oldst Autg Y A% F pHY| F7h= thALE QI 4F
o] 749l Aupet AztE|o] x| m Porter 5(1976)-> pH7}
S7Fgoll Wt chlorogenic acid7} HA & o] ZhHo| Fyb
| ol d712]4d 9] pHOlA phenol®] phenoxides©]

a
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<Table 5> Effects of various dipping treatments on the changes in
pH of apple slices during a storage at 3°C for 9 days

StoEFge day (day) 0 1 3 5 7 9
reatment
Control 4.69 473 479 475 478 493
Water 4.62 4.66 471 480 4.83 4.79
CP 4.60 4.61 470 471 471 477

Ascorbic acid 433 4.61 4.64 471 470 4.86

Control: fresh apple slice

Water: water-dipped apple slice

Ascorbic acid: 0.5% ascorbic acid solution-dipped apple slice
CP: caramelization product from sucrose-dipped apple slice

<Table 6> Effects of various dipping treatments on the changes in
soluble solid content of apple slices during a storage at

3°C for 9 days unit: °Brix
Storage day (day)

Treatment v - 3 > 7 ?
Control® 4.4 4.3 4.5 4.5 47 4.8
Water® 3.4 3.3 3.3 3.4 3.6 3.7
cp® 39 38 39 36 35 39

Ascorbic acid® 3.5 3.6 3.3 3.1 3.7 3.6

Control: fresh apple slice

Water: water-dipped apple slice

Ascorbic acid: 0.5% ascorbic acid solution-dipped apple slice

CP: caramelization product from sucrose-dipped apple slice
significant at p<0.001

o Hafsi ootz olaf 2ol A7lckn B st
aejmE 2 Aol ope] ARl pHE F7bE 1%
wgronz el AR AsHE Bk Uk RoR

e,

5. soluble solids H3a}

WAk %A} 2 soluble solids H3}=
et

Fresh apple slice”} 4.4°Brixo]A] 4 8°Brix= =of %
A3t A|Z-= 3.4°Brixol|A] 3.7°Brix® CP A|l&-2 3.9
°Brixo]|A4] 3.9°Brix® ascorbic A| &~ 3,5°Brixo]|4] 3.6
Brixo.® 2715 AS Belov] Aelwe] AnE7
Fref21el apol7} Yrebgth(p<0.001).

2t Heh JR|TE0] W= ghe UER e o]F CPA]
B2 YA S & HIL gl TS Hl

gHH Coseteng F(1987) Al Sefo]A9] /40 9 |
A A& 2= soluble solid ¥=Fo| Z71gkctal H 113519 =4]
0] AL HEo|L} hemicellulose?t & 118 %} 3}stEo] B
sfsto] ThgFel 22 AEAt sER 7] wiZelt 51l
o}, o= & <At Avkel YA|shelrt

ESE Kim & smith(1993)& Al} &&}o]A 9] soluble
solid¥rFe Z=of ule} k=2l a1 Weller =(1997)

2 carambola Ee0|AE 4°C AAFA| soluble solid FHF

2 (Table 6y3}
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o] Z7tstoirta st
Pilar Cano 5(1995)2 soluble solid 9] Z7}=
FO M| FolE ok Ak A =of A E i
S SlEAl B STl 2ol A 9] Tk water ice Mo
ot AT RS AAA 4 vmold sk
oleiat AT CPARTOl WH AY £ 1A SR
o] Edfiofl oStz thARE AsisHH soluble solid <
fANTIE A= AztEt

a

6. Az
EE g

A % Al sejolse] A ssieEa)
Loto] S AvE date= ths (Table )3} It}
Ay9079] chlorogenic acidi}e] AL —0,58=2 H9

AHIAE EFOW  caffeic acid¥= —0.18, p-
coumaric acidi= 0,02, ferulic acidi}:= -0, 14,

catechin¥}= —0.11, epicatechini}= 0.55(p<0.05),
quercetini}~= 0,20, phloridzini}= 0,17%, epicatechin
TH= 0.55(p<0.05)& Alejstal @& A4 A4S Hot,
TAASH= —0,37, W& 5o 3k Halon {Fo4E& U
ThH(p<0.05). pHRH= 0.02% o5 W Fo] AMIAE 1t
o 8ol gigit} soluble solid2l= 0.339] ¥
o] AAL Uehiom o142 AALHp<0.09).

CHlorogenic acid®] ¢ caffeic acid9}9] AAL
—0.05, p—coumaric acid®= —0, 11, ferulic acid®}=
—0.11, epicatechini= —0,10, quercetini}= —0,17=,
catechin¥}= —0.152, phloridzini}= -0 12% o}F W
2 ol RS Yephelen feldE gt

Caffeic acid®] ¢ p—coumaric acid?}?] A2
0,022 22 Aol AUAL, ferulic acidet= —0.09,
epicatechin¥}+= —0.17, quercetini}= —0,15%,
catechin¥}= —0.09&, phloridziniF= -0 172 o} &

< Fo] S vt

p—coumaric acid®] 3% ferulic acid2}e] A4AL 0.0
o7 AtAJo] 91919 | epicatechini= —0.10, quercetin
= —-0.162, catechin¥}+= —0,102, phloridzinI}=
~0.14% o} W Ro| ATAS ekt

Ferulic acid®] 7-$ catechini}2] AHAAL 0,012 A
O] Aol §lom epicatechini= —0,13, quercetini}
= —0.139Z phloridzinT= —0, 1622 o}F T HoJ
ARE e,

Catechin®] 7% epicatechini}9] ArHAL —0.02,
quercetin?}= —0,15% phloridzin¥f= —0 122 o} W
o 2ol S ehiel,

Epicatechin®] 7% quercetind}?] AHA-L 0,062 o}
T 92 Ao AHHAIE, phloridzindh= -0,16% of W
2 Fo| AadS vepith

Quercetin®] 7% phloridzin¥}2] A2 0. 0302 o}
2 e o) 4TS Uebiel,

HIEF C9} pHi= —0,08% o} W2 Hol AJahdS o
Ellon §olA%E gi%th. soluble solid®b= —0.409] &

2 o AUAS ehion] 214 IsitHpd 00D,
pH®} soluble solid9] ATALS 0 272 X2 Ao Ak
HAE vehdlon o4 AT p< 0.05),

Amiot 5(1995)2 azl¥ HD2} flavanol?] ArHA-L
0.848% B ATIAE nYev] o] F Hizol ¥ &
47 2ol 229 43S Ak Bsglon Bruda 5
(1990)> AbHe] =4 9 W 5 ZWo| H3o| H= o
i el B e gy o2 | LR INTAS) oA

H=okhEo] a4 BT B Zdio| ke nA=
S 2 YERd 992 Mondy 5(1966)3} Lee 5(1990)2
Ao} Bpote] Zhlo] fh BAMTIL o ol G
saasbels AR Ss

o ml M

<Table 7> Pearson correlation coefficients of changes in apple slices during a storage at 3°C for 9 days

Ago CG CA p-C FA CT EP QU  PHN  TAA pH sS
Ago 1.0
CG -0.58* 1.0
p-C -0.18  -0.05 1.0
PA 002 -0.11 0.02 1.0
FA 0.14  -0.11  -0.09  0.00 1.0
CT 011  -015 009  -0.10  0.01 1.0
EP 055** -0.10  -017  -0.10  -0.13  -0.02 1.0
QU 020 -017 015 -0.16 -0.11  -0.15  0.06 1.0
PHN 017 -0.12 -017  -014 -0.16 -0.12  -0.15  0.03 1.0
TAA  -037* 022 -012 -016 -0.14 -0.16 005  -0.01 0.08 1.0
pH 002 028 002 020 -014 -014 -001 -0.16 -015 -0.08 1.0
ss 033 036 018 008 -015 015 021  -0.07 016 - .40* 027%* 1.0

*: significant at p<.001

**: significant at p<.05

CG: chlorogenic acid, CA: caffeic acid, p-C: p-coumaric acid, FA: ferulic acid, CT: (£)catechin, EP: (-)epicatechin, Qu: quercetin Phn:

phloridzin SS: soluble solid



0]Q]o]| Weaver 5(1974)2 PPO, dopamine, Z'H A=
O] Frxtell oA Q1 A ZEA] eiotom 7)o AW A
T2} ascorbic acidsE=7lo §-9% Q1 AFHA HY Tkl
sisict

gHH ofg] AFES sl Amiot 5(1995) Ayt
L9 @ A= flavan—3—ols/hydroxycinamics®] &1}
PPO2| SHo] SlEsieka algict, 1 9] Alshikgo] Sol
7}+= chlorogenic acid®} flavan—3—olsZ5E FAE o-
quinone®| 27| o2 PPOZ/Jo| oJ&Eskal a4 whg &

L ot A2 g4 Beec waskon 1 9 o
E Q9|0 & ascorbic acid &} At=x ZHHo| Q3% o3t
5 Fioha skt

V.2 o

W A Alkseto]20f Al £0] ) HlsslehE
o 24L& fﬂﬁixl, 4F570] HisRo] o W3l i o)
= J Biskel a4 Zo) njR)= JIFE got
HQrom ]E]-U CH3}, pHSQ} soluble solid?] WHILE =
oot ol 719 ARRAZ Stk uA Ast At
L cheat gt
7 A= fresh apple slice, =0l A3t A&, CP

A&, ascorbic acid A|BEd 2% ZV|6t= S Vg

Ou] 71 A7]= fresh apple slice)=o] A g A|&Zt
Yascorbic acid A|&a-)CP A2 £0]3ich

SRS W ARA ATiTiol0] 4550l
% HD2} FAZ} 5 SFghEolgl o olF HD7} 7Hd & ““”P
o EZF CGeF EPY 9 Hlao| A e CG7F o BWakom
=355 e] WM3l= fresh apple slice, =9 HA|SE A&t
2 IA AASH= A YERH O™ CP A&, ascorbic
acid AR o A7) Z715h= AL Lehyint.

HE} C+= fresh apple slice, =9 R A3t AR,
ascorbic acid A|&t, CP A&t 5% Tash= A3kS =
201 fresh apple slice)=o] AXA|3t A|RT)CP A7
Yascorbic acid A&t 0]},

pHO| W3k= & ARd5o| S7F6he A3 Uil
o txotEoh JAFE9] pHEkOl B WA UEETh olF
cPAlRZo] 1 e g el

Soluble solid®] HZt= M= HetsolA S7ksk=
e Hgen op ARgol d 2/ ACE et

A A 2204 A HEL} chlorogenic acid $F5F
So] 2O ATAE LiEhhgtt

olelat A WA B Asslolse] HEAE
shepo] Wk ZiHo] 9JakS njx|= Aoz Uehon] B
ATOIAE HDS} FAZ} 5 HsSRHEolH 0% 067l 7}
4 27 9FS vlAE AR bt
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