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Abstract This study determined the relationships between the total anthocyanin
content in apple skin and the total polyphenols, flavonoids, proanthocyanidins,
and soluble solids contents in the flesh of cold-stored Fuji apples. Total
anthocyanin content in apple skin ranged from 0.130+0.005 mg CE/g fw to
0.262+0.028 mg CE/g fw, and the overall average was 0.200+0.008 mg CE/g fw.
The total polyphenolic compounds in the flesh was ranged from a 4.283+0.141
mM GAE/g fw to 8.207+0.234 mM GAE/g fw, and the average content was
6.2754+0.177 mM GAE/g fw. The total flavonoid content ranged from 4.51040.080
mM QE/g fw to 2.467+0.458 mM QF/g fw, and the average total flavonoid content
was about 3.586 mM QE/g fw. The total proanthocyanidin content was relatively
high, ranging from 3.475+0.577 mM EE/g fw to 6.816+0.277 mM EE/g fw, and
the soluble solid in the flesh was about 12 °Brix to 14 °Brix. The DPPH radical
scavenging activity of extracts from apple flesh ranged from 66.36% to 94.99%,
and the ascorbate equivalent concentration was 0.482 mM. The ABTS radical
scavenging activity was 99.12% to 99.9%, indicating a higher inhibitory activity
than the DPPH inhibitory activity, and the ascorbate equivalent concentration was
0.486 mM. The correlation between the total anthocyanin and total polyphenolic
compounds was y = 15.192x + 3.2169 (R*=0.2748), but the concentration of total
polyphenolic compounds increased when the total anthocyanin content was
increased. The correlation equation of total anthocyanin with total flavonoids was
y = 15.18x + 0.5555 (R?=0.6226), with total proanthocyanin was y = 14.918x +
2.3422 (R*=0.3372), and with soluble solid was y = 10.558x + 11.126 (R?=0.1925),
indicating that the correlation of total anthocyanin with total flavonoid was higher
than that with soluble solid.
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F35 wet 1 5= 57t Adolshar deA k. 2
%9 anthocyanin Z&5TANA HE2A AF/d=| o]
Az A= St ieolE SlghEe] dFolH, ARoA
Hujo] M AFH 7 =o|AY AHAPL AEsks F

a3t 9471 "oy dA Q7] gi&of(Cho &, 2008:
Ubi, 2005) &A] Alk= AJ<3710] #H 9] anthocyanin®]
SFFS o] 14} SHe kS Sl Y AA o) Al &
2ol EulE 3RME2 phenylalanine
OoZHE AAEE I A p-coumaroyl-CoAZFE
H&=A91  chlorogenic  acid®} phloridzin 53,
dichloroflavonols 3F==HE A==
(quercetin), leucoanthocyanidin® anthocyanin® &
By 717} P9 flavan-3-ols(catechin®} epicatechin),
flavanols2%¥ 3d%+= proanthocyanidin(condensed
tannins) 5°| A= o] Ty} F5of theFet Evl=
SRHEo| A 3tHHenry-Kirk 5, 2012; Winkel-Shirley,
2001). o2} Aol At § EeHE e S5
ot s B4 495 ¥ 7y}t 35 Fofl= total
anthocyaning H|%olo] B2 Z2d= SRIEES 5
oju} 2|9, K9] Fof wet Zpo|7} S-S FRIsIGIH. 55
5ol EdrE SEY EF¢ v IR 2RE B
9, FujojA= oA ET o B2 79 EguH= o
o] EAstH ool Het T2 TS0 Hlg) 3.3
Hj o} B oAl siqit). E3F Hhujet wpgof Zo] EXst
= Z99 = &Y $5% 5 dihydroxycinnamic acid

ester(chlorogenic acid, p-coumaroylquinic acid)2}

anthocyaning &

flavonols

procyanidins(catechin, epicatechin, procyanidin By,
B,), flavonol(quercetin-3-rhamnoside), dihydrochalcones
A

chlorogenic

(phloretin-2'-xyloglucoside, phloretin) 5°I
i stgoH, ol I/ME F AFA=
acid 5&7F 7F% =1l 519t Lee 5, 2012; Oleszek

o 1998 TS&O 2003) KI’-"]’ S © Egllﬂ]h Q'OLE-’]
SHRY dF2 %OM e A, AY, A% 717 59
wet Ajol7} v, B SrEe) B A &

Aol I3t AF= 0431 AFAR=Ol 95 =0 ot
(Bang &, 2015; Lee 5, 2018; Liao &, 2015; Youn
5. 2017). 3] A9l 38 Fofl EAok= 8 ZTHE
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= St A7l A H
A AGSHA FAIEH, B} I 7He] = AR A
AIAIAE 7T SF9tHWojdylo &, 2008).
Henry-Kirk 5(2012)°] 54 Zd|9= SIKIEQ] &4 o
S AR 2E Y, I S0l H=
acid®} Z2FE 0| =39 catechin, epicatechin, quercetin
5ol F& =] gtk skt E3F Bogs 5(2005)2
tannin®?l proanthocyanidine leucoanthocyanidin
og2HE AQ(subunit)’t FAEI epicatechind}
catechinol o] AL} aad &g ofsf SolAo=w
SE] S FH=E T Fol FHEC] o w2
AR EA4E Uetdoty BusiQint. ofd AT 23E
HAH Ae] 38 Fo EAcls EfHe RE2
chlorogenic acid’} 7P ®ol g3-%o] 912H, quercetin
3} catechin} epicatechin, proanthocyanidin 53 %
o thokgh AL HRES FRStT ULt AR THAR
A9 I Fo EuE RIEES S 84 7HA
02 A= AR A7 IEE 583 932 ok 4
Folgt & 4 QIth(Eberhardt 5, 2000; Lancaster2t
1992; Lee &, 2018; Olivas-Aguirre &,
2016; Tsao %5, 2005). Lee 5(2018)9] H.ilof olstd
Abp 591 gpAbel R AR B 3’—1'3401]*1 o =
sttt Ab 7] 39 antho cyanin $H2 &2
}@r %}*3 Uetll= e #9k otz 934 £4
8 Q9loH, I5 F9| EFHE SRtEY
/\}9} 243 Aol Q7] wiEe] 8% F48
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Correlation between phytochemical contents in peel and flesh of cold-stored Fuji apples

2. Mg % diH

2.1. AlE =X

2 Aol AR ARt AlEs AEUHEY Aol
Auiet A AN Malus domestica cv. Fui)s T &
22 AgAZ 2Hkelal 4T A-23100A4 oF 6097 A%
S ARE HYEGOE ARESIQIT SR wdslo] A&
(Fig. D22 ER5 37](260-270 g)7F ¢+Let Akt 3074
£ Y940z AAsto] AR ofict. Fuel TS Uut
ZQl wpHo g Bagt & ytu] A& total anthocyanin®
e BA61] fIsto] Hujo] FabE yaS 45| AA
Stal AR & ARt IE ARCHIREN)E SEH
= IRHEY FE2HEL0]E, total proanthocyanidin,
GE 52 w467] flsto] AHRAE AAL & LA

3712 et -0Teld BastEA Aol Agstart

2.2. Total anthocyanin glgf =&

At 3] 2 total anthocyanin &2 24317] Yo}
of I&-S A5 AAT Ty 0.5 g LA
508 Frjo] & &H(1% HCIZ Z3ole Hehe &)
A7Fsto] WAaroA 24A17F FE5HAL ofFfols TS 2
3] vHEste] oS L5l Rt FE2AE AY 55
St o dofEl(ethyl ether)® E&l5to] Y54} 7EE
olt, AHF 5 AATIALE MAZS thA] ethyl acetate
& 7% & pAsto] AYwEstal WekE 10 mLol A&
Sfjstod -20TolA HastaA 48 AgE ARSI

o
of
_?_IIJ
|

Total anthocyanin &% 42 pHell 93t 8% *
£ o835t 4% (Lee, 200502 B 329l AR 0.1 mLE
25 mM KCl €5 (pH 1.0)% 400 mM CH3;COONa €3
H(pH 4.5 27 0.9 mLE H7Ioto 2E F9E 1 mLE
sllow, o] IS 3HHE 07 A5, BR8-S 510
nme} 710 nmOlA 22+ S8 EE =% (microplate reader,
BioTek, Winooski, VT, USA)3l1 3% Zo|E total
anthocyanin 3FEFQ] AXFA[(A x MW x V'x 10° x DF)
/(e x L x wlol A&sto] YA A= g F cyanidin-3-
O-glucoside A9 (mg CE/g fw)Z total anthocyanin

TFOZ eI

2.3 SE/H= 2fglE, SE52f220/= 2 total proantho
cyanidin 2'sf
A B F FEYHE SRET SEGER0|EY ¢
FZ S7457] fIste] Tsao 5(2003)9] WS 1 HE
Sto] &5 oF 10 g2 Al=ol 108 F3]9] 70% ol
< A7botal, Zg71(150 rpm, 25T)0NA 24A]
7 FES ¥ Aifohs IS 23] HESY A HES 4
siolch 24 AYeE3 T WEkS(HPLC §) 5 mLE A
23fsto] -20Cof Rttt Total proanthocyanidin®)
22 Han 5(2012)9] WS 745t ARslgiom, A=
WFHI0 g HFoto] 5Hf Fulo] FZH(0.1%w/v)
ascorbate® Z3Ioh= 70% oM E &S H7lsto] A oF
A0A 24A7F FESA SRl FEAS Y4EY

(11,235 xg 40)3L 4RAS 2stol 4 558 ¥

Ol

Fig. 1. Apple samples used in this experiment.
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5 mL #g-Zo] AEsHstal -20To| st

2.3.1. SN = sEE Y &Y

eﬂ]”ﬂe IFEY FFY S F-CAYE AMES
& Sanchez-Rangel 5(2013), Chen 5(2014), Hu
(2018)4 HHS 25kx o 7 52510 =A5tgich A A5}
A 34 224 0.1 mLE Y3879 3FHEC & E55)
i, 1 M Folin-Ciocalteu 0.1 mLE #7Fsto] AestA
5&2F WAl &, 1 M Na;COs 0.8 mLE #7Isto] Ht
S84 1 mL2 243 &8 HS Q%OHH 30%
7+ BEEAIZ1AL 760 nmolA F8EE SE AT SE U
= FF2 gallic acidE EFEAR o] TS ALbst
Fom, AA AR G gallic acid AFSHmM GAE/g
fwe SEHs FFoE YeEigich

2.3.2. E22HL-0|E 32 =Y

FTENELo|E g S 7S AE
@.‘ﬂ(MFDS, 2021) oz . B3
0.1 mLE 38HE0 2 ¥h3-87]o] &5k ofgh& 0.3 mL
7+ 10% AICl3 - 6H,0 0.02 mL, 1 M CH;COOK 0.02
mL, 7 0.56 mLE A7lete] g8 X5 Fuj7}
1.0 mL7} HE=% siglet. HHe-8dE A2 oA 40%
ZHHRSAIZ] 3 415 nmolA S =E £4913L quercetin
< BEEZEE ol FEGHEE0|E 2 AR ¢ T
quercetin AETHmM QF/g fw)S EETH Lol 3=

o2 eI

(i}

2.3.3. Total proanthocyanidin St

Total proanthocyanidin®] g%F9] 2 vanillin-HCl
9] =H(Boadhurst?} Jones, 2003; Makker®} Becker,
2003)& &85t EAotatt. &N 0.1 mLE 3RS
938710 55t 4% vanillin €9 0.6 mLe} ZIgh F4t
0.3 mLE F7Ieto] & Fu7F 1 ml7h H=% st ¥h&
|HZ 30CofA 2027 ¥ESAIZ] £ 500 nmollA S8=E
22510l epicateching EFEAR olo] AAXNR ¢ T
epicatechin AE3HmM EE/g fw)S
TFoE Yefigich

JI)I‘ JI)|I

o

total proanthocyanidin
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24, 5%

B3 39 I&AR DFTH(0 gy H=Fotal oF 56 F
19| FRTE JUiote] TRAYCIAE dgstal A
1 mLE GEA(Atago, Tokyo, Japan)s AREsto &4
3t & °BrixZ YERHATE

0:

2.6. DPPHE} ABTS 2lLjzt 275 =&

DPPH 4753} ABTS 212 £759] 742 Shimamura
5(2014), Ozgen 5(2006) —4 RS &85t vt
o] 435ttt DPPH £715= £7 500 M DPPH
AYEHS 5o Ruj= —4“0}01 AY-EH(0D=0.544)
Azxsto] AHESHYth. DPPH g A7s E32 A=
0.02 mLo] AY-8H 0.18 mLE H7Fstal 37TAA 24|
ZF ¥-3A171 & 515 nmollA &4 (microplate reader,
Biotek Co, Winooski, VT, USA)E Z7s3itt. ABTS &
gZ9 AL CH;COONa &5(pH 4.5)5 AR&sto]
4.125 mM ABTS €95 A|lxska, ABTS - * 2hjz<] A4
T} AASIE 5ke] 1.44 mM Potassium persulfateE &
T2 Sdoto] A& oA 12417 BHGAIA W8S
A& 82.5 pM2] ABTS - * AH-EH(0D=0.276) A
Zsto] ARESHRITH ABTS 2tz 4759 42 AR
0.02 mLE 38208 BF313 0.18 mL ABTS - + A9
|HE 21 F 53 T 37CAA 4AIE RESATZ]AL 734
nmolA EFES 243519tk DPPHE}F ABTS 2z 47
L zx _4 ¥/ tX+= ascorbateE ARESIYCOH, |
&%)t A&l d-8dh=
(mM)E Z+7F YeEry Qitt.

ascorbate &

3. dif & vH
3.1. Total anthocyanin, EZ2/l=, £52H20/E, total
proanthocyanidin 2/&f % 5'¢
Anthocyanin At} 23] 9] dito] ZAH $84 =
AZA Ao Mg Uehl= Maoln JA 7]7F A%t
At Algo] P Akel H|wshr] fske]  total
anthocyanin &< S7%43 Z3+= Table 13 Zt}.
Total anthocyanin &% &Qt02 ML7} v A =

ohal HEE= AW ARe] Tha| SOl = ko]t gol 9L
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Table 1. Contents of total anthocyanins, total polyphenols, total flavonoids, total proantnocyanidins, and soluble solids in the skin
or flesh of cold-stored Fuji apples

Sample Total anthocyanin Total polyphenol Total flavonoid Total proanthocyanidin  Soluble solid
no. (mg CE/g fw) (mM GAE/g fw) (mM QE/g fw) (mM EE/g fw) (°Brix)

1 0.209:0.016" 5.449+0.301 3.606£0.285 5.665£0.318 12.6£0.5
2 0.205+0.003 5.8710.156 3.700£0.213 5.5260.288 12.540.3
3 0.1620.024 4.283:0.141 2.95140.262 4.8750.319 13.5£0.4
4 0.180x0.007 6.277+0.628 3.279+0.325 6.297+0.361 13.120.5
5 0.213+0.010 7.673£0.133 3.915£0.267 5.43840.309 13.0£0.4
6 0.203+0.005 7.269£0.083 2.871£0.131 5.136£0.365 14.0£0.4
7 0.159+0.008 7.550£0.322 3.337£0.195 5.702+0.392 13.740.6
8 0.130£0.005 5.587+0.149 2.50440.077 5.150£0.364 12.440.5
9 0.133+0.008 4.769+0.230 2.685£0.179 3.720£0.360 12.30.5
10 0.165+0.004 5.802+0.595 2.467+0.458 3.4750.577 13.320.6
" 0.192+0.009 5.9270.144 2.937+0.153 4.614£0.207 14.120.3
12 0.154+0.009 5.412+0.039 2.494+0.148 3.877£0.402 13.5£0.2
13 0.2110.005 5.860+0.387 3.281£0.144 6.736£0.154 14.410.6
14 0.212+0.020 7.43240.255 3.990£0.115 5.0990.345 14.6£0.6
15 0.2060.005 8.270£0.234 3.911£0.130 5.133£0.184 14.310.2
16 0.202+0.016 6.814£0.332 3.705£0.197 4.91720.390 12.6£0.5
17 0.178+0.028 5.512+0.169 2.991+0.257 5.51440.257 12.3+0.3
18 0.235¢0.005 7.666£0.280 3.829£0.344 6.076£0.474 14.240.5
19 0.243+0.020 5.678+0.119 4.045£0.174 5.092£0.203 14.310.2
20 0.260£0.020 6.865£0.138 4.510:0.086 6.8160.277 14.2:0.3
21 0.180x0.006 6.389+0.176 3.423+0.187 5.600+0.201 12.60.2
22 0.226£0.016 5.202+0.560 3.834£0.372 5.25440.376 13.210.3
23 0.208£0.019 7.536£0.206 4.392+0.369 5.407+0.386 13.3£0.5
24 0.206+0.005 6.16210.247 4.28940.193 4.761£0.092 14.140.3
25 0.262+0.028 7.466£0.470 4.47940.218 6.273£0.422 14.310.3
26 0.244+0.008 6.553£0.097 4.345£0.231 5.675£0.276 13.1£0.3
27 0.182x0.002 5.147:0.280 4.4100.444 4.209+0.160 12.310.2
28 0.200£0.011 5.122+0.777 3.359£0.402 4.700£0.296 12.240.4
29 0.215£0.025 6.575£0.270 4.274+0.502 6.720£0.135 13.140.4
30 0.2140.011 6.128+0.189 3.763+0.224 6.152+0.150 13.520.5
Average 0.2000.008 6.275£0.177 3.586£0.113 5.320£0.123 13.440.3

Walues are meantSD (n=3).

= AL € 4 2t Cyanidin-3-O-glucoside A35F 0.130+£0.005 mg CE/g fwollAd o 0.262+0.028
oz YeRH total anthocyanin® F = F4 CE/g fw H91Y A3 Uetliglon, J4 B4 g2
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0.200+0.008 mg CE/g fwE YebHALt. HA Al &
total anthocyanin®] &o] LA Eot W2 &FS U
B 4= 37% BERL, YA 63%= BetA] o4
S et Atk 934 F4S wddd

Arg 71808 1A Fetsls Al 73 F9 total

= OE 4 A= F olZYoet EFHE 59
cyanidin- O-galactose W3 &S 4 ZIHJeong
5, 2017)%} vlas] & uf Ak 1] 9] total anthocyanin
Sgo] v WA =A et
Yang 5(2020)2] B3] 95} anthocyaning
St of2] 7] A2 E A pH Aol & o]&ste] A& g
T cyanidin-3-O-glucoside AEHo2 UeRH total
anthocyanin®] ¥} HPLCE o|-&3slo] 43t cyanidin-
3-O-glucoside H|BA| S E4% 235 v wsti=S
o 90% ol’del Akl t3iTh. Tsao 5(2003)% Ubi
5(2005)9] Hirof o5t AR Fof F= EA|ste Y
A= cyanidin-3-O-galactoside©]2}al 3101, o]& AF
FHF FFoF YERH total anthocyanin $HF2 7i Hj
gA o] o e duet fA AoE FHY 4
Atk w2bA Al Fajo| A eyanidin-3-O-glucoside At
FFOZ YEHH total anthocyanin %2 A& YEt
U= 394 E4CE S43 Uddts 848 ARRY &
Us Ao=E HZHHET EGE ALY AM[AL 7|5k A
(Jung® Kim, 201494 AFAE W& 54 E4 5= <
T3t Z3HLee &, 2003)F HWH, AP} Mr= =2
Hunter's a gt 3745t 43 Wdsh= 7|S2E AR
SHATE o] o] RQjo] wheh HAF v Fug AFAQl
A4S wdsty] flstel agtd B 59 total
anthocyanin &3] IAE 9T I 97} QIS Ao
A7 o

s F SEYHE e T2 At vkt

1o

208 B2 Yool Wg ¥ trehy] wio] oS
Z0% E4 a0l A} AR AR FEE 53
20| 4L =

4 AT Table 134 2. % 7% A
45 Aute] 18 % FEME e TS e
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At Algol| A9 ghgo] AA thE2A verkth At Ihs
% FEYde REY 2 BHHoE oF 6.275+
0.177 mM GAE/g fw& Uetliglon, EAo A& 71
A A AR FEHE IFEY T A 4283+
0.141 mM GAE/g fwollAl o 8.207+0.234 mM
GAF/g fw A= " Aoz A=At Burda 5
(1990)3} Kim 5(2003)2] Hirof oJstH At} Z-& 5
A FE2 EAoks FHe 3EYYE RERE daHE
chlorogenic acid 5% FEYHHLOERE UHU=

quercetin, total proanthocyanidin®¢%l catechin,

epicatechin 59 & FFOE Yehn FFo|ut 49
F-9lof weh 2A o]zt ek st I F FE T
= &9 5EE gallic acid AFHoz 3] BH
F4> 0.806 mg/g fwollAl |t 1.544 mg/g fw HelolH,
Bt HFS 9F 1.181 mg/g fw A=/t HS 24T & 9
t}. Tsao 5(2003)9] Hirof oJstd o8 F59 Akt 3}
o E0%le FEYHE =Y FF2 Het 0.430
mg/g fw BEga o}, & Aol AREE TR Alte]
& Fole 43FY EuE aRbEo] Eo U=
FAT 5 UM ALAT F AR oA EeHE 3t
FE2 Bl A FAET 5k, Hujek o5
% & Afolol= A9 AAE 7RIt & A A
(Burda &, 1990)¢} H|ms HH 2 Ao AR&SE $X]
Ao A= D7 717F A2 AR o] Tox H| WA =
At 24 5 ok E39t Lee 5(2018)2 At 3}
19| dgtE FEEA EvE ey 5Tt B
A FZETH oF 2,48 ol B #A UEETHAL Stlo
o] A= Hyoj|A FEYHE TF2 total anthocyanin
S %3515 Afo|2 g 73]9] total antho cyanin T
AR IR 5 Yl SRS Fl oigh vl At &
710 s dQa3st 7o wrtE. g, Alke] Ih&at} vt
o @AoHA = Y= EYHles R procyanidin
211 819 (Oleszek 5, 1988), T thE A1LAHTsao
5, 2003)52 o8 £5Y T5 Sl IRl=EE EQHE
SIHEL catechind epicatechin®] 8 3kg&Eolzkal
st ong o] SRS gallic acid AFHOE YER = 7
folli= Ao|7h vha Y& AR g 4 Utk

9 71zt AR A Azl A B F quercetin A
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o g Yehfs EZatdols 3RS 2A5 Anks
Table 13 Zth FZetHo|=9] ¥ FHS 3.586

mM QE/g fw Axglon, FETHTolE FFe 4
2.467+0.458 mM QE/g fwollAl FHo 4.510+0.080
mM QE/g fw Hflol glom, 7S] At Algo] et
1.881 o9 Fo|7b UEtth FETERolE TS
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