Check for
updates

1 ISSN(Print) : 1738-7248, ISSN(Online) : 2287-7428
I Korean J. Food Preserv

1 25(3), 351-358 8

| https: //d0| org/10 110 2/kjfp.2018.25.3.351

R LERIRMBX YL GO
The Korean Society of Food Preservation

Radical scavenging activity of domestic fruit wine

Donghun Nam, Eunho Jang, Ki-Hyo Jang, Jae-Cheol Lee*
Department of Food and Nutrition, Kangwon National University, Samcheok 25913, Korea

2 T
s

[l

o

—/

°| 2iCjd &

LT
k=]

Abstract

Domestic fruit wines, including apple, grape, Moru, and Korean black raspberry wines, contain a wide variety
of phenolic compounds with different antioxidant activity. In this study, we established a simple and reliable on-line
HPLC-ABTS assay system for determination of the antioxidative characteristics of fruit wines. The quantitative
analytical assay of the antioxidative properties of fruit wines was caried out using an HPLC equipped with reverse-phase
Cis column, employing acetonitrile and water as gradient mobile phase at a flow rate of 0.4 ml/min and a detection
wavelength of UV 320 nm (1* detector) and UV 734 nm (2™ detector). Among fruit wines, Moru wine showed
the highest total phenolics and flavonoids content, as well as radical scavenging activity. The differences in radical
scavenging activities were attributed to the structural differences in phenolic compound contents. In addition, between
on-line HPLC-ABTS analysis and ABTS assay using a spectrophotometric assay gave a coefficient of determination
(R of 0.9527. All in all, the present study demonstrates that the established on-line HPLC-ABTS method is simple
and reliable, and can thus be used for the determination of the antioxidative characteristics of fruit wines.
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H 9Rlo g JhgEE H&o] & HFTOoIE 2T
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(59.1%)<F HHQ27.8%)°] ot o5 TFe A 2F7}
T8 AFR RS 747t 262 ton} 108 ton Q& Srrh HA| 2]E
VB4 Abggo] o 3o 7= 7H#(91,126 ton), /\}ﬂr
(28,087 ton), +4+(15,616 ton) Eo|H o|5 FEe| o<l
7FeH &S 247 <0.1%, 2.1%9F 0.1%°]tK(1).

I, 259 Y, nFY 3, A7F A S 2
A& 5 ARSI 91710l Hssle] thafst B FE0
M= 3 JTH2-6). ZH ] FAH AN Hed 54
HrtolLo = 71A A Ao 7|9kt o] g}skA 4 (pH,

e, B, 71 % R Rt 24, @ 54, ol
A 24 Avte} eksls EA S0 #atA g g AMgd

deo, H0F 2 AnLd Fuss @e
Folin-Denis®} o] 71915+ 1] 43 258 e 2 b % Eelo]
= 832 4909, & Sehiieo] = 3% 57(), DPPH
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whA o 2 ARgETh o] L‘ﬂo
45 B e oIER F AdE =
TS Sk Pl ey A
ol itk HZell= kst EHE F
< 913}te] on-line antioxidant assay 7]%©] ]
o Ag% 1 JrH10o- 12) On-line antioxidant assa
HPLC AH&C0 2 A8 5 BINA EAE5S HEA A
#2]¥ 24 5°] ABTS = DPPH A 2f7} HHg-8l%
28t SAEA] g 2SS S5k A= 74
Hh10-12).
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A 8Ql 7] & ol lif_’_ %E’*X} ‘ﬂ—?‘, EEE XEs
Q1 ZhEH &2 SRR A A F7HEE AFE o] =2
AFE O R Blo] ol R A|lx3 BEFo| st
545 BAGATE 498 2 AR Az 471 A9
94915 spectrophotometers  AF8-3F H| A3} on-line
HPLC-ABTS #4102 #Al81g o o] & Wi E 7t
FHAAE AA AT

M= &

i

A=
2 AT ARE oRlE HiEA) AL, MRl 2E 5
ZFT A F S dEE Az o, o7 EiAl ¢l
2%, IET 6%, FT 15 5 F I AlEF2 294 ol
Aequpea] Fohstel 4To1A] AR EEEA g
STk A 259 T 15 AP0 A B
St} Atk (Fugi, Malus domestica)= 5 AL S
AHESEATE HEEXEE A A A F8E v FEIE

30 ATE AHLAYT) AT} MEEEE 2712 )
AR, DU AT SANA S 2 Ak

B REE A8 AFSsle] gzt A H, potassium
metabisulfite(K,S,0s), pectinase(pectinex 100L, 5,000 FDU/
mL)E 2}z A DAl P (Seoul, Korea), Sigma-Adrich(St. Louis,
MO, USA), Novozyme*HBagsvaerd, Denmark) A2 A&
3}ttt &5+ Red star premier cuvee(Saccharomyces
cerevisiae, LeSaffre, France)S AF-8-3}31 Tk a4tsl Ad o
AHE-gE Aleka} 3 =E2 Q1 Folin-Ciocalteu’s phenol reagent,
2 Hgallic acid), Z2F2 0] = =748 A] 2K(sodium nitrite,
aluminum chloride hexa-hydrate, sodium hydroxide), 7}&71
3lo] =& o] E((+)-catechin hydrate), 2,2’-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid(ABTS), potassium
peroxodisulfateS Z 83 F-2JA] FE-2 Sigma-AldrichA} Al
2 AHEstith

23832 A257 A3E (2018)
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2% 9l Al59] F ‘ﬂ ]e sietEe] 58S 9
=4 2 vHsA SYE4o] Folin-Ciocalteu's phenol
reagentol| Hhg-3lo] ik “5}% s ulgoz Jt=
Folin-Denis'H (8)°]] ]3| ®]A] g &Fatqict. FA A o=, A
£ 100 pLel] 52| Folin-Ciocalteu’s phenol reagentS 37}
ato] Ao A 38 7+ WX|g ¢, 200 uLo] 20% Na,COs=
7}5} S Al Lo /\1 90% =<l 4 ;q Al 1;} 2] ;‘<]5] u},@on_g
LAEE 7S o83l 3,000 rpmo| A §E7F YA RS
3t & AEAS o] &3te] 765 nmE AP E microplate
spectrophotometer(EON, BioTek, Winooski, VT, USA) 2. =
SHEE S5 th Alsd X3E SAEAES] TS
22K (gallic acid)E ﬁ—?—%é‘i AHgsle] keIt &
ZgH ol 3kl Z gl H y-o] = (flavonoid) 7} 22| A
pH oA &F7] 5 (aluminum) ¥} ¥Hg-5}od Twu
flavonoid-aluminum 2% & st 9l & &8st
Al th13). 579 1.4 Fuu| 2 543 eQlA R
EE #EFE3((+)-catechin hydrate) 250 pLol| 15 uL 5%
sodium nitrite(NaNO,), 30 pL. 10% aluminum chloride(AlCO;
CH0)E &4 o2 H7ket &, thA] o7]¢] 100 uL 1M
sodium hydroxide(NaOH)<} 55 UL /755 7k & 510
mmol| A FFEE SR A 55 2FE SHEx
o= BF9] F7E (+)-catechin hydrateE ETEZZ A&
sto] =5 YR S/l =520 catechin E7-8-
(1 mM, 0.5 mM, 025 mM, 0.625 mM, 0.03125 mM)S AH&
st om =5 calibration curvedl] A 82 HES A L3
of gkttt 28 BAS 33 #4819t ABTS 2z
227 € (radical scavenging activity)< B A 7 & 3}
on-line HPLC-ABTS 7% ©. & o] 43131t} H)A %4
FH2 Re (199 WS At Stk FA12 o
2, 74 mM ABTS £95 A 23 T 7]l potassium
persulfate’ s HETFE 2.6 mM7t H =5 834171 v, W
o] A %< G 16~ HHEAIAH ABTS Aok A%
SkSiTh ABTS A2k 3% 734 imol|l A S35t $3%
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0.700°.2 27 sto] ALg3tAtt 9RJIAIR 20 iLE F &
% of 7)o ABTS A9k 180 LS 7}8te] Aol 308 <t
W5kt A8 A 22 734 imollA] FRES =361
O W(Al), blankZE RIA & thAl FHFE AFE3ke] 9
oA AT A E whESl] FRE S SHSFATHAO.
ABTS 2}z 2752 blank thH] A1 59] 7ZHaE F4=9]
Hl&2 ALkE Sl

Al
A0

ABTS radical scavenging activity(%)=(1- )x100

On-line HPLC-ABTS &3

12% ¢}IA B9 31kal &4S on-line HPLC-ABTS 7%
A& AHESt] ABTS iz &7 5S 439 0H15).
Potassium persulfate(3.5 mM in water)2} ABTS(2 mM in
water) & A3 F, 7)o B 7lsto] g2 8] slo]
Zavo)] whol Wl 33 ¢ e o] T Aol 16413E
Wx]ste] ABTS 223 4733t th o] & ABTS AleFe
2 ARSI Al23 91 A|& 20 1l & YMC Hydrosphere
Cis 23 (4.6x250 mm, 5 1L, Wilmington, NC, USA)°| 72}
¥ HPLC(Agilent 1200, Agilent Technologies Inc., Santa
Clara, CA, USA)°l| T3ttt AHE-gH &ull= watere}
acetonitrile(ACN) = & Z=THIZ AFg-3to] A& FUAIH o
A SE7IAE water: ACN=100:0(v/v), 5-40% 7HA]&
water: ACN=0:1002 5771 ¥, 40-50%7H4] &l 22/ o]
FAE A3, BAo] 4B H ™ water:ACN=100:02. = 7
Aok 24713 St Sule] f52 0.4 mL/min% S
A HA AE7)9] S-S 320 mE A5t HEY =
5 s AthFg . A WA HE7E o £4
| F Hx FZ2REH 02 mL/mind 502 T
ABTS radical A 2F3} TH4A] radical A7 HFS-0] o] Fof X
T5 ol eRIA S AHE sl 9 et
#AaE F iR AE71(3E 734 nm)ol A SH 3t
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AP A= 33 HEste] S ghe ¥ (mean)? £
THZKSD)E FAISI L, AEA Y] FAA oA A
< 93to] 1-way ANOVA-test= AM8-315131(16), Al B3
214 #7}+= Duncan’s multiple range testS A A]5ke] 71

st

o|N

& HEAT7F 917 GAE ngmLO 2 FYg-8 7ol
(1,369.0 GAE pg/mL)°l| H]ale] feolzoz e gaks
B9l om Al#}3+(337.5-357.0 GAE pg/mL)$} 413 Aw}
S H3tHp<0.05). Z=F9] FFole 3 Zojuls Il
161.7-1,477.9 GAE pg/mLZ A|ZH 2 Z 20| & HYTth
Hwang®} Park®] (7)ol A= Muscat Bailey A =25
= TATE PHOR FHste] HEaggle]l Al X%
Fo| & ZelvE dafol 1,520-1,560 pg/ml o2 e}
vl 8, 593 B A0 B2 2 5739
gallic acid ETEHZ 5% A gallic acid(5%= T4+ 0.03-05
mM, X3)9 FHFEk(Azes am YIS BA A2 Y=3.51X+
005(R*=0.999) 2 WERgTh 99l FFo] mhe F Zehhie
ol& ke A& HEAF7} 1074-169.0 CE pg/mLO. &
FRE W F9<1(649.3-1,292.6 CE pg/mL)el| B]ste] 2]
Hog Yo daks B om Ala3(134.2-160.5 CE 1
gmL)$} FAE 23S B THp<0.05)(Table 1). =52
A$ole & g ol= o] 357-477.5 CE pg/mL

U2 3 ApolE Bt ¢, T EA A
FEE 223 5749 catechin EFEZAE =% A| catechin
(TE 721 006-1.0 mM, XZ)9 2% Fh(Asio m, Y
FA 4L Y=0.7033X-0.0068(R*=0.997) = L}E}Skth Kim
SUNe HFFACE ZehubEF(flavanol)e] IFQ
catechin &&Fo] 53 mg/100 g o2 EA gttt H s}
Atk ¢, Kang 5(18)2 m TRl F ZEfE o=
3teko] 567-1,092 CE pg/mLE ¥ 13}%th

off

Table 1. Total polyphenols and flavonoids content of various
Korean fruits wine

Total polyphenols Total flavonoids

Wine (GAE 1ighnl) (CE iginl)
AW L) 337.4:22.579 160.528.0°
AW (L) 357.0£2.9° 1342479
MW (L) 3476.9+487.6° 1,292.6+40.7°

MW 1,369.0+116.5° 649.330.4°

GW 161.745.5¢ 417.0+126.0°

GW 663.5£35.1° 35.7+1.0°

GW 2328£146° 47752311

GW 411.7+46.2° 161.819.9°

GW 1,477.9+141.0° 117.0£7.9°

GW 669.8£13.5° 39.5+2.5¢

KRW 91.7422.5° 169.0+4.7¢

KRW 345.6+16.2° 107.4+7.7¢

VAW (H), lab-brewed apple wine; MW (L), lab-brewed Moru wine; MW, commercial
Moru wine; GW, commercial grape wine; KRW, commercial Korean raspberry wine.
PAll values are meantSD (n=3).

9 Neans with different superscripts in the same column are significantly different
at p<0.05.
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Water ACN

Wine sample

ABTS reagent

(0.2 mL/min)

Pump 1
0.4 mL/min)

=3 Injector ==

Cig Detector 1
cohmmn (320 nm)

Fig. 1. The schematic diagram of on-line HPLC system.

ABTS 203 &7 s

vl o 2 ABTS 2l &7 eS £43 Z7E Table
20l JERIRATh Al W5, T2, BEA10] ABTS
A 2A%e 247t 13.7-142%, 54.5-89.6%, 7.5-48.2%,
11.2-152% 2 Yeht, v 32| ABTS &2 &A 5] th

Table 2. ABTS free radical scavenging activity (ABTS) of various
Korean fruits wine

Wine ABTS (%)
AW L)Y 137£0.9%
AW (L) 14241.1°
MW (L) 89.6:2.2"

MW 54542.9°

GW 29.8+1.8°

GW 8.0+0.7%

GW 48213

GW 143211

GW 0.8+0.1%

GW 75+1.3¢

KRW 15240.8°

KRW 11.2+0.5%

DAW (L), lab-brewed apple wine; MW (L), lab-brewed Moru wine; MW, commercial
Moru wine; GW, commercial grape wine; KRW, commercial Korean raspbetry wine.
PAll values are mean SD (n=3).

% 8Means with different superscripts in the same column are significantly different
at p<0.05.

Detector 2
(734 nm)

v

Waste

£ 3% FAFEG FolH o= =7 VETHp<0.05).
Kang 5(18)9] dAolA & 4 134 v FeR1e] 2
gz zIEIE 80-87% UlE T A
BHA(90%) %} quercetin(92%) <} frAHSE =0 2 WERGTH
2l (on-line) FAksl TG 5 E8ste] AT A=
9 gt 54 g 9 gatksl &8 S35k thFig.
2). o]l olajA HPLC Zo] F9d A ge 28S
FHEAA Ao g FElEH, BEE oAd e uv
HZ71(320 nm)oll A FEIF FE HE71E T Al
F5& 0]F7304 mLmin)ol| oJste] o]FalA ABTS Al F
< 02 mLmin £58 FFete B3} FqFac dFd
A2} ABTS A9FE 0.6 mLjmine] &E=2 o] S3alwA] uk
S8t AGAIE Foll= F A AZE71(734 nm)ol A A
g ¥t FFH o s S A HA AE7]
e AbgE AYa BAzANA Jeh = s 313
237 g2 E4E0] HPLC Z2vtEad L FAth T
WA A&7 £4717Hs<E ABTS &) 371 3
kS AA1ECh A AR ZdoA] Eeld B2 E0] ABTS
g 7ol ol dgE e Edo] F A AE|E
3= Al ABTS 2t 37} ofefj&o 2 7Has
Al oAl Hdigtez BdEn) A3ate A HA AE
71elA E59 AZrtEaR T T iR dE27]4 g5
AZnEO#S AFAAAN YRS Z2 oot
(19). F 7ie] AZrfEaS FAlo] Slgtozn F i)
AZE7)A4 g&o" ABTS 22 &A%< 2te vas
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Fig. 2. On-line HPLC-ABTS analysis of each Korean fruits wine.

The HPLC chromatogram of samples was detected at positive peaks at 320 nm for phenolic compounds and the ABTS radical scavenging activity of each compound was seen

at negative peaks at 734 nm.

A HA HE70A Jerd 9132 £33tk 3 v &
710l Jehd v 30] E4-E 8013 Fof] AFEAS AL
sto] | GE = 3] FFE o] 7hed 2k dA, T
HA AZE7)4 dehd S35 HAZRS E471A7
Aoz AAFo 2N 412 E 4 glE ABTS U2
LA ANE F kBT A EES 28] (onine)
ksl BAZAZ FA Al F WA AE7)AA g
s3tEEo] gRls o] BTl ABTS e d & {HAaAl7]

£ BASo| U EAleks Ao FlHrkFg 2). &
3, FAFol R/ ZAd AL FHAA on-line

HPLC-ABTS &4 ZA37} Ak Ueldth On-line
HPLC-ABTS 4 A| Z2rlE#e] v ek SHo
A 47HA] AT FollA W FF Al RolA 7MY BE 5

120k 2120 alo] G, Aol Sl 3239
2ol 4 ABTS #e2S gl Ba5o] 71 w7
JERE wh, BRATe) A 9ot 26282 holA 1
of, THIFE HEA ABTS el AS A2 BAE
o Aol7k &g HolFeh Faat YL AR 4o
B sl B4 5] 43 2ol WG A, oY

&= dE —40}04 grtslEd o] 2 Ed8 AE &
Atk Abzte] Z-9-oll= 100 go] #Hdof] HIER C7} 4 mg,
Hﬂ B} 2 E (B- carotene)JJr FH| < (lutein) 52| 7FZE] 0]

F7} 0.02-0.09 mg, AP W (cyanidin) S FAE o2 3}
£ ¢tEA]ohd F{anthocyanidins)7} 0.76 mg, ol|g] LY E]S
(eriodictyol), 3] 2~ & €] (hesperetin), W3 4l 'd (naringenin)
52| Zeul=R(flavanone) 7} <1 mg, = 2hilsF(flavanol)
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FHEA G

Zo A1 7Vel| 7] F(catechins) Q1 7117 (catechin)©] 0.7-22 mg,
of| 3] 7}el| 7] (epicatechin)©] 5.21-18.80 mg, ol|¥|ZZ7}E|7]
(epigallocatechin)©] 0.25-111.0 mg, & 2hv}=F(flavanol) %
oAl Z=Z<FEA] ol F(proanthocyanidins)”} 84.1-91.3
mg, Z2HEF(flavones) 2 FH|-2 ¢ (luteolin)©] 0-0.17 mg,
Z 2} X = F(flavonols) 2 H]H]ZA] 21 74 3 E(kaempferol)©]
0-0.02 mg, V|2]AE (myricetin)©] 0-0.01 mg, A=
(quercetin)©] 0.13-11.0 mg, Z2}H =0] = F(flavonoides) 5
oA o] A~Z2FE (isoflavones)©] 0.14-0.25 mg, =4+
(phenolic acids) 4] protocatechuic acid”} 0-0.49 mg,
HEAF  FoA  dto] =2 Al 24+ (hydroxybenzoic
acid) 2 7} 2] AH(caffeic acid)©] 0-67.75 mg, T2 =L
(chlorogenic acid)©] 7.06-32.80 mg, A3 4H(cinnamic acid)
°] 0.06-0.40 mg, ¥ & 4Hferulic acid)®] 0-4.95 mg, p-7-7}
2 Hp-coumaric acid)©] 0.29-23.75 mg EA g} B-E A}
7390l 100 g2 oA FFRE| 0| =F T HlEIRE
o] 0.13 mg, FH|CIC] 0.12 mg, SEAlOPAFE Alohydo]
90.31 mg, e}yl 0.15 mg, ZetulsF oA 71
71521 74elZ10] 0.72-37.06 mg, °l| 3] 7}E| 71 0] 4.66-11.48
mg, 919 ZE7E710] 0.1-0.15 mg, ZeHbEF FolA =
ZOFEAOMY Y F7} 15.7 mg, ZetH {2 79 E0] 006
mg, P|2]AlEle] 0.67 mg, AMEC] 1.76 mg, H =4 5
F22414] 0.1 mg, det1ito] 31.9-43.7 mg LA AT
20). =2 Z5-oll= 100 g9 A FFZE o] =/11
HlE}7F2El o] 0.11-0.15 mg, FE|S10] 0.18-0.39 mg, SFEA]
obdF & Alofdo] 1.18-34.19 mg, @Yol 1.82-3.17
mg, At de] 0-2.96 mg, EH|H o] 58.8 mg, ¥ U
°] 6.13 mg, ¥FUH 0] 281 mg, Zehl=ER FolA 7HEZ]
791 7}el710] 5.46-10.14 mg, ¥ 7}E|Z10] 5.24-8.68 mg,
ol Zz27}1e|7l0] 0003 mg, ZehRsRF FolH Z2etE
Alot /7] 604 mg, AAEIC] 254 mg, SEFH 0| =F
Z o] AZZEF7} 0.08 mg, HE=4HF T &4 A H(gallic
acid)©] 375 mg/100 g, protocatechuic acid”’} 53.5 mg/100
g, EFdAk(tannic acid)©] 40 mg, FZ244F0] 6.3 mg A
geh20).

A8 o EAshs Fitsl B2 teRio] 3 S
Hkdw|o] thekel gAkelE A 2 online HPLC ABTS ¥-4¢]]
g d Ao 2 AdEthFg. 2). ¥+ on-line HPLC-
ABTS #2412 71¢} gitsl Do) AaaAAE 3)7] w4
Ayl F HE, & bR wol= e B o 2|3k ABTS
g aATe ARAFRY7E 47 06388, 09150,
095272 YERTH(Fig. 3). ©]218F A¥}+= on-line HPLC-ABTS
o] BT ABTS Sl &A% SH o A2 &
AeS YeRdh vl <)gk ABTS 2Hid 75 %
2 ABTS #HZ &A% F3F< Jehd . online
HPLC-ABTS #41& ABTS ) &A 5 UEste A
FEAS 5Fte ol Adoh19,21). Ao F8 3

3] A25A A3E (2018)

A SRS A% Aol A= AFSE 100 mLdl] S 2
2704k0] 7.1-9.2 mg, ¥ 7}E]710] 2.3-4.0 mg EA=
Ao vehd v, 717, 71 At p-FekEske 242t
<0.1 mgo & % &Frlo] Ao} AbFe] F9 FikstEd
Ao 2 Aol 7t ANTH22). 2 EA S 2 on-line HPLC-
ABTS 4 A3tz 33 Al, 245 T kst 24
% ABTS 2tz 4752 thedet st 2452 54
), ¥ Ao AHEE 457 FLF FolA HFEFe

ABTS #@ttZ &7%o] 7 =7 vehsn & A5l
A& on-line HPLC-ABTS +4]-2 mass spectrophotometer

4000

Total phenolic contents
(GAE mg/mL)

Total flavonoides contents
(CE mg/mL)

activity (%)

ABTS radical scavenging

1 1 I
100,000 200,000 300,000

Peak area (734 nm)

Fig. 3. Correlation relationship between spectrophotometric measurement
and on-line HPLC-ABTS analysis at 734 nm.
A, total polyphenols (Y axis) vs on-line HPLC-ABTS assay (X axis); B, total flavonoids
(Y axis) vs on-line HPLC-ABTS assay (X axis); C, ABTS free radical scavenging
activity (Y axis) vs on-line HPLC-ABTS assay (X axis).
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