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Comparative Study on Antioxidant Capacities and Polyphenolic Contents
of Commercially Available Cocoa-containing Products
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Han-Bin Jo, Jung-Hun Kim, and Young-Zoo Chae

Seoul Metropolitan Government Research Institute of Public Health and Environment, Seoul 427-070, Korea

Abstract

UV-VIS spectrophotometric and high-performance liquid chromatographic (HPLC-DAD) methods were ap-—
plied in order to identify and quantify the composition of polyphenols in commercial cocoa-containing products.
Total polyphenolic contents of cocoa mix, choco-syrup, milk chocolate, and dark chocolate were evaluated using
Folin-Ciocalteu's phenol reagent according to a UV-VIS spectrometric method. Antioxidant capacities of cocoa
extracts by methanol were evaluated by 2,2’ -azino—bis(3-ethyl benzothiazoline-6-sulfonic acid) (ABTS) assay
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay. The obtained results show that the polyphenolic contents
and antioxidant capacities of cocoa products and chocolates depend on solid cocoa content. Among the tested
cocoa products and chocolates, the most abundant phenolic compound was epicatechin.
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FFok= Theobroma cacao®] R StoZ Ld# %
oy 2F 5o 2olH, 3 72 AT &
A8l theobromine™} polyphenols®Z €& % 21t} Herrmann
(6)2 ZFote] EYHA=FE Table 13 Zo] FF3IAT
Wollgaste} Anklam(7)2] 9170 o3&l ZFole] FUFS
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(ca.4%), proanthocyanidins(ca.58%)¢]™ £-3] proantho-
cyanidins® EAZo]al flavan-3-ols(53] catechin®
epicatechin)®] =gAoltt 1 ZHEF £ FR3} cat-
echin& epicatechino]™, 1 ©]2]¢] ©& (+)-catechin,
traces of (+)-gallocatechin, (-)-epigallocatechin, (+)-epi-
catechin-3-gallate, procyanidins®] o}, T3 A 2] querce-
tin, quercetin glycosides, naringenin, luteolin, apigenin,
clovamide Z12] 31 phenolic acids(caffeic, ferulic, gallic and
p-coumaric acid) 5°] ATl AP 2FRL IFILYUF
o] AotS a3 & Ax, MFH, Fola AAS AAS 77}
2 (cacao nib)S 7t 2E 7}F e, 7)o g F
e golA Az, B9 ATteu2E R0l s
IFHE R 7tFHET 2T IFoMETE, ZF o}

A, B TPSHE daxEY, 9a23Y, T

=
FEARAY FHERY 7IsAS O s
o] #ofel Balol Aa Frkske FAloly 2 A7t



e ZIA e 7HEFe Fitsksy s TP A AT 1357
Table 1. Summary of different polyphenols in cocoabeans or cocoa products
Catechins Procyanidins Anthocyanins Flavanol glycosides Others
(-)-Epicatechin procyanidin Bl, B2, B3, B4, B5" cyanidin—3-a-L- quercetin-3-O-a-D-  clovamide
arabinoside arabinoside
(+)-Catechin procyanidin C1 (epicatechin —(43— cyanidin—3-B-D- quercetin-3-O-B-D-  dideoxyclovamide
8)—epicatechin—(43—8)-epicatechin) galactoside glucopuranoside
(+)—-Gallocatechin procyanidin D (epicatechin—(43—8)-epicatechin—(43—8)-epicatechin-(43—8)—epicatechin)

(-)-Epigallocatechin  higher oligo-and polymers, mostly homologues of epicatechin with 2 to 18 monomeric units

UProcyanidin Bl=epicatechin-(43—8)-catechin, procyanidin B2=epicatechin—(4B—8)—epicatechin, procyanidin B3=epicatechin—(4a—
8)-catechin, procyanidin B4=epicatechin—-(4a—8)-epicatechin, procyanidin B5=epicatechin-(43—6)-epicatechin.

Sakel TR HFH A e AA ] g AR = o] upg} ERTE £8&0] =2 0% WE22 FE319
RO AAR JHa e FFAF g Axe vH] ¢ 5 g BA 2FHURFEIAZXFH, dIAXEY), L3t
sto] o HS starak stk 2, 23IAF Tl 0% uﬂ%% 10 mL(x2)& FdatA 7tat
2 AFdAME AT e Eo AR dASHA He = a1, 3084 23] 233 g F 3000 rpm 10 F41EE 7]
Folgf 7HEFe] EHeERY dEH Pitse] & oA &, AFg & %%"—‘.‘% 25 mL Zep=d]) 383k
UAES BATOZ A A3 tigk A shAQl dgkel ot WE o Bfste] EAo ALt
71543 A7 s 7= A8 E AFsaA A Aot
o HPLC 4& -?’].f& ¥FELS (-)-epicatechin gallafge
(Sigma-Aldrich, Milwaukee, WI, USA), (-)-catechin

(Sigma-Aldrich), (-)-gallocatechin gallate(Sigma-Aldrich),

Mz 2 A2 . . . e
B oAse] ALE Am AFH SEHL mHol}T (=)~ gallocatechin(Sigma-Aldrich), caffeic acid(Sigma-
o= o T ° m s ° Aldrich), (-)-epicatechin(Sigma-Aldrich)g AF&3} ).
F 2 2FRAFE ZFo YL 2IANY, HAXEFH, o L ;
! 83 F EYds 2 SR xols T AFE S fdA
AZEFoE EF/FH %ﬁﬁ}ﬁiq(Table 2). AEFFA®) ) : .
o ol MIEIee ol WAL 250 o] AHZ A phosphoric acid(Sigma-Aldrich), gallic acid(3,4,5-trihy-
v = az — aL35L ’T‘ . . . . -
amoh maE o 5; /;] A Seaa §aasol 12; o]; droxy benzoic acid)(Sigma-Aldrich)E AF&3t52, ABS
T ek 2070 e UTF_O nARIE o e radical assayS Y3t A2k 2 2 = Folin-Ciocalteu’s phenol
(FAE 25% o]’ RS e, A FEZH) . . . .
. reagent(Sigma-Aldrich), 2,3,5-triphenyltetrazolium chlo-
FZFo} IHE 35% oI ZIHE 18% o)A, T = D . ) . )
. ride(Sigma-Aldrich), 2,2’ -azino—-bis(3-ethyl benzothiazo-
o} IFPF 14% o]’ oz = Ut 2y o] AedlA . . . . . ) )
wag AEo] mah ML Mo EEen 2Zel(fl o line-6-sulfonic acid) diammonium salt(Sigma-Aldrich),
= e = o J__E - J_L_ (#£)-6-hydroxyl-2,5,7,8-tetramethyl chromane-2-carbox—
Z2F3)olgte F¥oIUY, T} FH AE L agulE

ylic acid(Sigma-Aldrich)& A}-&3}3 o

of tigt AR F&atA Fe AFol Bt 2YERE I

o} kol Y3 =R Wz paxIgos B & Z2|ul= &lHtotal polyphenol content, TPC) &4

FH AEFAe ERV|E(EA nFE 25% o) (LA % Z Z299E &FLS Lachman 5(11)¢ WS WY st
3g), 35% o] ThaAXFH ) Z /M5y daxFE Folin-Ciocalteu’s phenol reagent’} F&&9 Z & #H =4
I 3 ZEF L Guyot 5(9)°] AAS WHAZE WS A 31EE o) FHE 2 FEA FAoF st o
Ast7] Al A8E T2 Fol dAsg § Fito g 33 & o] &3t FFE A4S 3tk FEF 05 mLl 25
FZ31a, ol g §718uE AAsHY) 95t 19 A% mL Folin-Ciocalteu’s phenol reagent, 30 mL S®/3*, 7.5
st A4S Wttt FE52 Belstak 51009 A2 mL 10% Na,COsE 7}3te] S5 50 mLE 83l 2417k

Table 2. General description of groups analyzed

Group Product description Main composition % of cocoa solid” Number of
samples

CM Cocoa mix Cocoa solid, sugar, whey powder, skim milk powder, 3~164 8
vegetable cream, sodium casein etc

CS Choco-syrup Cocoa solid, syrup, sugar or starch syrup, water etc 7~8 10

MC Milk chocolate sugar, whole milk powder, cocoa mass, cocoa butter, more than 25% 17
lactose, milk fat, lecithin etc

DC Dark chocolate cocoa mass, cocoa solid, cocoa butter, sugar etc more than 35% 11

YExpressed data from real products.
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Zo 725 nmo A FFE=E SAHIAT BF
acidE AFE3IG o, & ZgdE e 77X (y=13.4845x
—0.4983; R?=0.9995)& 2148t

=

T =
gallic acid equivalentsZ e} AT}
Z2lE0|=  EEktotal

flavonoid  content, TFC)

ol

ZoHxolE g2 Moreno 5(12)¢] }
o Z43Ath 2 A8 100 uLE 80% ethanol 900 uLZ
g)44e 3 100 pLE #3Fe] 10% aluminium nitrate$} 1 pM
potassium acetateE -3t 80% AN EE 43 mLE £
3l A2oA 408 WA F 270 nmoll A FFE=E SHIA
ot EFEZ L gallic acidE A&l e, & ZTtH o]
= e ALA(y=10.86629x-0.118663; R*=0.9995)< 2+
3

PEERCE

ABTS radical scavenging assay

ABTS radical& o] &3 &4tsl52 ABTS radical ca-
tion decolorization assay *¥®(13)0l] &3l SH3H T 7
mM 2,2'-azino-bis(3-ethyl benzothiazoline-6-sulfonic
acid)$} 2.45 mM potassium persulfate® JE5 52 &3
3lo] A29] i A 2447 WX 3l ABTS cationS &
QA2 F 734 nmoll A FFE ol 1.25+0.027F HEE o
g g A5t A E ABTSE Y 2 mLo] FEA8
100 uLE A BESAIZI $ &3] 62 $oll 734 nm &3
T2 243 dth FFEE L (+)-6-hydroxyl-2,5,7,8-te-
tramethyl chromane-2-carboxylic acid(Trolox)E A}-&3}
Rom 50~1000 pMe] FEZ  HPFH(y=1.23724x—
0.00140; R*=0.9992)& #43ted Axts AUtk

DPPH radical scavenging assay

DPPH radical& ©]-&& &4ts}s2 Brand-Wiliams &
(14)9] #ol whe} oFzt M3 st E43dth FEA15 100
uLell 0.094 mM 2,2-diphenyl-1-picrylhydrazyl(DPPH) 1.9

£ 3t 517 nmellA FBE] HEFS olF wWi7hA] v 2%
nitl FREE AP EFE AL (+)-6-hydroxyl-
2,5,7,8-tetramethyl chromane-2-carboxylic acid(Trolox)
£ AHE-sked 50~1,000 uM9] FEE 74 (y=-0.00075x +
0.56625; R*=0.9653)& #4dste] A5 Ao

Catechins,
formance liquid chromatography(HPLC) &4

HPLC #4& Seruga 5(15)¢] Wyl e} Za]#=7
% gallic acid, catechin, epicatechin, gallocatechin gallate,
quercetin, caffeic acid2 #4138} th. HPLC 42 Agilent
1200 series(Agilent Tecnologies, Santa Clara, CA, USA)Z
AL, ZHEF 2 231 Eclipse XDB C18 col-
umn pore size 5 ym(4.6 mm x 150 mm, Agilent), DAD de-

phenolic  acids, quercetin®] high-per—

A7

tectorE AFE3te] #% 08 mL/min, ZH2% 20°C, FU4H
9 10 uLZ #4319 o] 542 0.1% phosphoric acid(A)
¢} methanol(B)Z A: 95%, B: 5%~ A: 20%, B: 80% 30&7}
A| gradient A2 H243} ) Detection wavelength
= 190~600 nmZ 3} AZE3IH ) External standard+
gallic acid, catechin, epicatechin, caffeic acid, quercetinS
AFE3 21, detection wavelength+ gallic acid, cat-
echin, epicatechin2 280 nm, caffeic acide 320 nmol 4]
quercetine 360 nmollA FFE=ZE =AUt 4o 2
o] A = AuES retention timed L2 2HEH
F34 vlwste] HFHoZRE AAE AUk SHA|
(limit of detection, LOD)E DL=30/S(0: 7+3-9] A=}
S AARFAe 71&7DEAM T3t S™, epicatechin 1.463
mg/kg, epicatechin gallate 0.744 mg/kg, quercetin 0.783
mg/kg, catechin 0.863 mg/kg, caffeic acid 0.232 mg/kg,
gallic acid 0.151 mg/kgolAtt. 23 U=} FJE= 2
A AFHeR 249 F e A8 FAAA H2EE F U=
EAEH] HAHEA A FSA (imit of quantitation, LOQ)
= 100/S(0: -8 A, S ZAGFAY 71&7DE T3}
Ro. epicatechin 4.875 mg/kg, epicatechin gallate 2.479
mg/kg, quercetin 2.609 mg/kg, catechin 2.878 mg/kg, caf-
feic acid 0.773 mg/kg, gallic acid 0.503 mg/kg©] ATt
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SAHAZ|
% Zovs ¥ & ZgRkols g ZvHsFo
FF, ABTS A A5 ¥ DPPH Al AG 9] &4 st B
AR 59 7EFTAFS AEIAT FAH 94
=5 9t foAdA4dES 98k SPSS 11.1(SPSS Inc.,
Chicago, IL, USA)& ©]£-3}l4 one way ANOVA(a=0.05)
= A3 28, Duncan’s multiple range testE A A&}z
FEFY] BEAE Hst FAAFE FIHA

ol

o & oo

L
=

H

= Zo|hlza & E2lEL0|= & 24
F Z29d =7 F SS9t o= -2 Table 30| YERY
Aot 9axE8s gazEFee mg gallic acid equi-

Table 3. Total polyphenol (TPC) and total flavonoid contents
(TFC)

. TPC TFC s e
Groun (o GAE/g) (mg GAE/g) | FC/TPC
CM 1.327+0.969° 1.062+0.787° 0.800
cs 1.025+0.798" 0.621+0.305" 0.606
MC 1.108+0.539° 0.942+0.436° 0.850
DC 4.260+1.761° 3.146+1.848" 0.737

Results are expressed as the means =SD, mg gallic acd equi-
velants /g. Groups are classified as Korean food code, with CM,
cocoa mix; CS, choco-syrup; MC, milk chocolate; DC, dark
chocolate. a,b superscripts are significantly different at p<0.05
by Duncan’s multiple range test.
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velants/g defatted2 YEI R O™, FFolE] 29l 2ZFTIA

H-L mg gallic acid equivelants/g sample® YER AT &

ZHds FEFe A, Lot 2E 0517~2137 mg GAE/
, ZEHAHEL 0.034~2.017 mg GAE/g, 9AZFH

0.831~1.384 mg GAE/g, ta2Z3& 3.086~5452 mg
GAE/gS Yetdlth & EetRicol= s sobe
£ 0403~1.721 mg GAE/g, 228X 82 0.242~0.999 mg
GAE/g, 32282 0.718~1.166 mg GAE/g, Tta2 228
£ 1.905~4.388 mg GAE/g& B ATt

Z 2T H AP I FHL 4269 mg GAE/

002 71 Be Fupoln] the mmole 2, 2mAY, U

Z2ZH g atolE UER ATHp<0.05). 23 2F a%
FFolgtako] e 2FAIY 1.025 mg GAE/g3} ¥ =23 o
il 1108 mg GAE/gS YE A
ZgR o= stk AFlol F¢ 2FTL 3146 mg
GAE/g.O_i 02 IFolus 2IAY, AR fo
g 2Ho] = YR YoM (p<0.05), 7 =& o s yE
Stk WARERLE AT YL 2IAHIAE FY3 2o
= Ho|A egtoy} 23AY 0621 mg GAE/gol Hls] =1
FAFot 2 1.062 mg GAE/goll Hl&] ko 1&4% %

ZY = AP B3 & iﬁ]-ﬂ]h‘—oﬂ ek
Hol=9] Hl&2 IFote| et P 2FE 0] 0.800, 0.850
° 2 BEtR A, 2IAHHS =F3 9 ¥l&o] 0.606, 0.737
ot ZFAotE o} YAXFL FNH o F FEtE
ol=d Hlg F s o] thE d Bl B A
o g Aok Aot 2 DA XFE Y] JE(Table 2)&

HAEH o2 #3428 mik-basedd $H7HE, 2,
Ox]mo] 7<—17].Qo] o]t E_ExJo] g} tﬂ, o]7—1_0_ milk-
based EdE°] FetRxo|E=XH ¥H&te EeR ot
2 2 Eojd JhsAdol AUSS AT Siebert 5(16)9]
AFor s dAZFH A8 LS catechin—proteing
Hgste] wkE3 2N 8a 4T
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ABTS radical scavenging assay

rtslsS ﬁ"7}’5}7l s Y S 2 ATl = ABTS
radical 2455 =3 sAtHTable 4). ABTS radical &4
T FAA Y 7S Fdst= A= hydrogen per-

o

[e]

.

Table 4. Antioxidant capacity of groups by ABTS assay

A

gl

ste ZeldE ol B AT 1359
oxide®} metmyoglobin®] ®H3-3lod, wg] FAJE ABTS

radicale] 7+4 3o 2 metmyoglobin®] FA-S Lol A

FHA913). &, o2 diksiAl= vl 4 F ABTS radical
o F4AE AFFLZN ABTS radical s #aA7t 232
olg] 2~ 9] ABTS radical &A% 29.171~149.672 pnM/L
Trolox, SAIY 22.272~159.517 uM/L Trolox, @3 %
=3l 144.711~156.502 uM/L Trolox, Bt % =3 138772~
156.162 pM/L Trolox®t}. W5 A<= (coefficients of varia-
tion)E ShZZXZ3 0.088, Y2 XZ3 0076, A1 H 0.608,
FFob 2 080601 AL, hAZZFE Y WAz Z8lo] HA
= O o vlg) vy ol Akg o] FdH 532

A Y] 7, ABTS radical 47
FFolgEHT T2 EAE9 o
2 Holn, t& E49 3ol 27
QVsje] WA} 2o ek Aoz

ZZ

1= =
—\L‘ie

)

ABTS radical 245 HazxE3, azxF
A, Z3opezobes {3 2ol (p<0.05)E HEHH
H, & ZHsd § FHRol=Y FFYge tE A
Hﬁiﬁ}.

DPPH radical scavenging assay

F285¢ k5] A3 W F o A7ME DPPH
radical 2% S 543G H(Table 5). ©] Tl = =32
Alg o] 79696 tM/L TroloxZ 714 @& 245 S 1o

T3 HEASE 7}ﬂ E9kal, e FFobE] 2 115919 pM/
L Trolox, ¥3%&3 130462 uM/L Trolox, &3 125.389

uM/L Trolox9+—t~ frogk AFolE B Hth(p<0.050). DPPH
radical 4&~A%5 L ABTS radical &Asd= ATAA
(Pearson 23A< 0.600, p=0.01)E R ¥t} ZFo}H] 9]
739 ABTS radical 2A5d<= 2 9a2xZF59 thax

5o &AATH v g BolH X}L«]
27g A e Aot gatsks
A7 #Hd o] Awujc} ‘jr—E—L

g3kol o we AFEol s oo}

o1r

E3E
AN
Catechins, phenolic acids, quercetin®| HPLC
HPLCE Z23#& =48k U

RO = =)
E_XE]E i

Table 5. Antioxidant capacity of groups by DPPH assay

Group ABTS Coefficient of — -
(uM/L Trolox) variance Group DPPH (uM/L Trolox)  Coefficient of variance

CM 89.423+72.062% 0.806 CM 115.919+8.921" 0.077

CS 90.894 +55.267° 0.608 CS 79.696 +55.788* 0.700

MC 150.606+11.470° 0.076 MC 130.462 4 16.930 0.130

DC 147.467+12.943° 0.088 DC 125.389+9.985" 0.080

Results are expressed as the means+SD, uM/L Trolox. Groups
are classified as Korean food code, with CM, cocoa mix; CS,
choco-syrup; MC, milk chocolate; DC, dark chocolate. a,b su—
perscripts are significantly different at p<0.05 by Duncan’s
multiple range test.

Results are expressed as the means+SD, uM/L Trolox. Groups
are classified as Korean food code, with CM, cocoa mix; CS,
choco-syrup; MC, milk chocolate; DC, dark chocolate. a,b su-
perscripts are significantly different at p<0.05 by Duncan’s
multiple range test.
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Table 6. Contents of catechins, phenolic acids and quercetin

Foza - 499 - AT

Group Catechins Phenolic acids Quercetin
(-)-Epicatechin (-)-Catechin (-)-Epicatechin gallate Gallic acid Caffeic acid

CM 0.051 £0.039" 0.054+0.036" ND ND ND

CS 0.008+£0.018" 0.008£0.008" ND ND ND

MC 0.163+0.075" 0.046+0.027* ND ND ND

DC 0.532+0.289" 0.167+0.102° 0~0.027 ND 0~0.009 0~0.023

Results are expressed as the means =+ SD, mg/g. Groups are classified as Korean food code, with CM, cocoa mix; CS, choco-syrup;
MC, milk chocolate; DC, dark chocolate. a,b superscripts are significantly different at p<0.05 by Duncan’s multiple range test.

ANE Ao =Z I FY. Adamson 5(17)2 HPLC #4& 2
FAIR T EEHsFo AFEAY Hxo] FAH
g2}a 3t Liu 5(18)9] w2 W acidic mobile phaseE T
st o 2 M hydroxyl® carboxyl group?] ©]23}2 o £
EE AT gt o] AFME o]F4E 0.1%
phosphoric acidE A3} flavan-3-ols £2] (-)-epica-
techin(EC), (-)-catechin(C)¥ phenolic acids % gallic
acid(GA), caffeic acid(CA) 18]l querceting #4134t
(Table 6, Fig. 1~4). Epicatechinﬂ A% %=d9 0532 mg/g
o2 7 w8 oy, 4axEFH 0163 mg/g, Lo}
92 0.051 mg/g, =ZAH 0.008 mg/gﬂrt 9 3}HA (p<
0.05) ZFel& BRI, F E9E, & SgExolE 37
£ B3 A4S Bk 283 epicateching & Z8] 9
Sty =& A#3A(r=0.896, p=0.01)E H AT}

4

DAD1 B, Sig=230,16 Ref=360,100 (120127120130 2012-01-30 17-10-364002-0201.00

200-]
160

100

14.632 - gallocatechin gallate

50—

4,175 - epicatechin

T T
& 75 10 124

5

>s130 gallic acid
#11 454 - catechin
g

Fig. 1. Chromatogram of gallic acid (5.5 mg/L), catechin
(15.3 mg/L), gallocatechin gallate (10.1 mg/L) standards at
280 nm.

DAD1 B, $ig=280,16 Ref=360 100 (1201274120130 2012-01-30 17-10-36%005-0501.0)

175—5
15D—f
125—5
1DD—E

75—:

15901 - epicatechin gallate

14.219 - epicatechin

£0—

25—

T T T T
10 1z 14 16 12

Fig. 2. Chromatogram of epicatechin (23.6 mg/L), epicatechin
gallate (11.9 mg/L) standards at 280 nm.

=

frox2 WU

Catechin® 2% ©t=% 23l 0.167 mg/g defatted® &
ZZ32 0.046 mg/g defatted, FFo}el 2 0.054 mg/g, =
A9 0.008 mg/g@e 3 2ol (p<0.05)E HolH =3
o}, =3} epicatechin} U}ﬂﬂxli = ZEd=d & 2
olre} vl A Hol|HA, & Zusd FdHA
(r=0.896, p=0.01)= Rt} T3} epicatechin gallate= &
] &8 AlzdlA 0~0.027 mg/g HEH AL, caf-
feic acid T3+ 2 F 3T &2F04 0~0.009 mg/g HET
R, quercetin® ZFZ AT A% 0~0.023 mg/g AET
At Belscak 5(10)9] A4+ defatted cocoa 5 epi-
catechin 0.10~1.78 mg/g, (+)-catechin 0.02~0.59 mg/ g,
gallic acid 0.01 ~0.48 mg/g, caffeic acid 0.05~0.19 mg/g®|

DALY A Sig=220,16 Ref=360,100 (1201274120120 2012-01-20 17-10-264003-0201.0)

25

20

o o
1 1
T““ caffeic acid

5 T T T
10 12 14 18

Fig. 3. Chromatogram of caffeic acid (3.4 mg/L) standard
at 320 nm.

DAD1 C, Sig=360,16 Ref=360,100 (1201271120130 2012-01-30 17-10-36W005-0501.0)

150—2
125—E
100—2
76—
50

25

o

25—

T
20 2z
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Fig. 4. Chromatogram of quercetin (16.8 mg/L) standard at
360 nm.



). Belstak 5(10) 79 tZdA|
~100% 3t}

il
of
K
K
o
_?[_1‘
of
flo
>

1]

1

AN Theobroma cacao)®} IIOMA|F2 ZZH=F
+ F = proanthocyanidins, flavan-3-ols, anthocyanins®]
o 28]z 3E A 7Rl 120~180 g/keg(8)] E2] =
=79 SIES i, 53 F23 S22 epicatechin
3} (+)-catechin®] L, A %9] (+)-gallocatechin, (-)-epi-
allocatechin, (+)-epicatechin-3-gallate, procyanidin % ©]
gom 1 o]e] quercetin, quercetin glycosides, nar—
ingenin, luteolin, apigenin, clovamide Z12]3l phenolic
acids(caffeic, ferulic, gallic and p—coumaric acid) 5°]
o A EAAAECE g EYHEFFTY I3t &
oAdeE F EYvs FEFH T SeReolE ¥ a1
ZddeR 9 o] 71 e catechin® phenolic

acidsE T4stal 259 FiFstes E4ste] 259 B4
A EHAA AT F EElHE e Aokl
VE =S Z5lo] 7P =¢%aL, vE

t}. Belscak 5(10)2 #gre =&
Lo|=dH A g9 IFFHH =
r=0845%} TFC, r=0.845)5 ® 9l ‘:]' StAT o] AFdA=
Y sgFol dazxF
4, 23xZH fFog i}o]—‘ 9&
Fof 29} Za‘?\’\]aﬁr
W3 xF8e IFol3e

< ztol7t et F4 :0‘}‘4 Z ZEHs o
2o E HolA e Siebert 5(16)8] ATl A A A3}
o], 9axFH 9
m

A
o0
T

£ catechin—protein®] 73+ A%<
atrix® THEI ¥HEEES AT e
A 7R s APH R s, o
Ciocalteu A1¢Fe] 8 A (selectity)d] FZHO =
Escarpa®} Gonzalez 5(19)9] Ao} & H3FES Hloh
=3 Vinson 5(20)& Folin-Ciocalteu’s phenol reagent”}
phenols$} HE-S-E Buk olyg} thE FHIFEQ] car-
=
1

3]
=4
[e]

& A3l B3

o

otenoids, amino acids, sugars, vitamin C}%= ¥H%
st & FetReolE R T X F A M =

< Hol & IFole A 2IAY, YAXFHAE f
g ol & YUY 2F8F ZHot L 2FAHY F
Z 2 9E ¥ flavonoid7} A 8= H-&-2 0.606~0.8500] L
t}. thE cocoa extractd] Z@dEol B3 A F I HE
< Pimentel 5212 A7} 0.12~0.34, Belstak (10)<]
Aol e ¢F 030~0552 BHoY Lee 5(22)] Al
Ae ¢ 08~0859 HIES YEdo] £ A9 Aite) vl
33tk Wollgast} Anklam(7)& ZFo}H19] F7/, H2HA],

F

fr rlo

oo o K

mS‘i

sle ZElvE gkl B AT 1361

o7 —‘C— ABTS radical /\7-] &} DPPH
=3}tk ABTS radical 2H5S U=

Z2Z8, dazxZeo] 23N Y, Lo 2o = g A}
°](p<0.05)& HEtHien, F s T S8R0l
=9 e O AEFS Bt &, & ZYHsS &
EHRELEoEFHFE 2F3o| /M ERoY, AR FH,
WazFg o] ABTS radical 252 147.47, 150.61 um/L
TroloxZ H|S3 AAE YelAT Arlorio 5(23)3
Othman 5(24)-2 ABTS radical &7 %<& ZFAo}FEE 9
A phenols7} ¥+2-3}7]| = 8} A %+ methylxantine 2 g
Z-soluble 8t9H&, £2%e] STt olE MaAE S5 &
HAEgy AEsg e &, ABTS radical &A= Z8¥)
l‘3’Jr ZH R 0| E o]9o T2 EARE AAFOoEH WA
89 PS5 E A4 A, o] AL ABTS radical
scavenging assay W TE3F A€ A (selectivity)o] Bo} =
oo Fikslse] FEgt S YAl thE Ho =z o
B Aot xFsE THNEe] 2o 4s Al E8
H=5F 5 epicatechin, catechin® 3% F8lo] 7}4 =4t
o g iiO]-‘jV\ 23IANYE, 93 223G 793 =
ol Bt ¥ EYAsTHY £ SR o= EE ¥
AEgS BP0y tsleHe] HEde dor o §

T} o] F oMok & Holt),

F

_I

o Y
2

K
2]
o
X
of
o
o,
i
Ing
i
Nu)
flo
o2
jg
(o

TAUA HEo]
$ vlgrol} he
stk 2140l 4

N
JQL—L‘—‘[-N
® oo 2 PR
iy & m 2o
RIS o X
%
2 g
o o :
o
m—l
o
5
w2
E(TN|
o
4
ot
r)#
o
ofr
7
o
I
>
2

g dTstaAt skt 18y FES
Z A8}, plant-derived productd] Z8#HEF A
g0 BAd B3t TF3E WhHo] oA
Aol e ol om, gL o] AFdAE =2
| gt A& ARG ATt AFol WA &Sk
Z o] A Axte] ofte] ESS ZE2 I

N
e

B oofr w rfr ooye
oo =)
o

e N e,

[e23
\—2‘50

2

Surpyen zEests
@ &
o ™

M
n)
o



1362

3 Ao Bty Il FEENA F ZE ey
gt o= gheko] 7
Ao g2 FAse thAXZI Uk Lo
catechin® A ZA 0 2 catechin® o Etom, thax=

ol A 1 FheFo] 7 =kar, kA= F B o AW epicatechin
gallate, caffeic acid, quercetin 5°] &% HAE% Ut} Ak

R EES  E R EELTBEEDEEEEERE
e LR SR EEE L EAEEES PER P
Fushse ngon, o Aste o YRstn FUF P15
5 A9l 399 ey nAZE of AT At
H:0bz WEIAE 220l FAeFol A I3
W, A7) B 9ol A4S tehl

o
rot

1. Goldberg 1. 1994. Functional Foods. Chapman & Hall Press,
New York, NY, USA. p 3-550.

2. Sadaki O. 1996. The development of functional foods and
materials. Bioindustry 13: 44-50.

3. Fridorich 1. 1978. The biology of oxygen radicals. Science
201: 875-880.

4. Gardner PR, Fridovich 1. 1991. Superoxide sensitivity of
Escherichia coli 6-phosphogluconate dehydratase. J/ Biol
Chem 266: 1478-1483.

5. Imlay JA, Linn S. 1988. DNA damage and oxygen radical
toxicity. Scrence 232: 1302-1309.

6. Herrmann K. 1995. Neuere Erkenntnisse uber Kakaoin—
haltsstoffe. II: catechin und procyanidine und deren oxida—
tive kondensation sowi Ballastsoffe der Kakoaschalen.
Gordian 95. 141-142, 144.

7. Wollgast J, Anklam E. 2000. Review on polyphenols in
Theobroma cacao. changes in composition during the man-
ufacture of chocolate and methodology for identification and
quantification. Food Res Int 33: 423-447.

8. Korea Food and Drug Administration. 2011. Korea Food
Code. Korea. p 5-3-1.

9. Guyot S, Marnet N, Laraba D, Sanoner P, Drillear JF. 1998.
Reversed-phase HPLC thiolysis for quantitative estimation
and characterization of the four main classes of phenolic
compounds in different tissues zones of French cider apple
variety (Malus domestica var. Kermerrien). ] Agric Food
Chem 46: 1698-1705.

10. Belscak A, Komes D, Horzi¢ D, Ganic KK, Karlovi¢c D. 2009.
Comparative study of commercially available cocoa prod-
ucts in terms of their bioactive composition. Food Res Int
42: 706-716.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

S EFN - AR

A7

Lachman ], Hosnedl V, Pivec V, Orsak M. 1998. Polyphenols
in cereals and their positive and negative role in human
and animal nutrition. Proceeding of Conference Cereals for
Human Health and Preventive Nutrition. Brno, Czech
Republic. p 118-125.

Moreno MI, Isla MI, Sampietro AR, Vattuone MA. 2000.
Comparison of the free radical-scavenging activity of prop-
olis from several regions of Argentina. / Ethnopharmacol
71: 109-114.

Re R, Pellegrini N, Protggente A, Pannala A, Yang M, Rice—
Evans C. 1999. Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radic Biol
Med 26: 1231-1237.

Brand-Wiliams W, Cuvelier ME, Berset C. 1995. Use of free
radical method to evaluate antioxidant activity. LW7T—
Food Sci Technol 28: 25-30.

Seruga M, Novak I, Jakobek L. 2011. Determination of poly—
phenols content and antioxidant activity of some red wines
by differential pulse voltammetry, HPLC and spectrophoto—
metric methods. Food Chem 124: 1208-1216.

Siebert KJ, Troukhanva NV, Lynn PY. 1996. Nature of pol-
yphenol-protein interaction. J Agric Food Chem 44: 80-85.
Adamson GE, Lazarus SA, Mitchell AE, Prior RL, Cao G,
Jacobs PH, Kremers BG, Hammerstone JF, Rucker RB,
Ritter KA, Schmitz HH. 1999. HPLC method for quantifica-
tion of procyanidins in cocoa and chocolate samples and
correlation to total antioxidant capacity. J Agric Food
Chem 47: 4184-4188.

Liu AH, Li L, Xu M, Lin YH, Guo HZ, Guo DA. 2006.
Simultaneous quantification of six major phenolic acids in
the roots of Salvia miltiorrhiza and four related traditional
Chinese medicinal preparations by HPLC-DAD method. J
Pharm Biomed Anal 41: 48-56.

Escarpa A, Gonzalez MC. 2001. An overview of analytical
chemistry of phenolic compounds in foods. Anal/ Chem 31:
57-139.

Vinson JA, Su X, Zubik L, Bose P. 2001. Phenol antioxidant
quantity and quality in foods: fruits. J Agric Food Chem
49: 5315-5321.

Pimentel FA, Nitzke JA, Klipel CB, de Jong EV. 2010.
Chocolate and red wine— A comparison between flavonoids
content. Food Chem 120: 109-122.

Lee KW, Kim Y], Lee HJ, Lee CY. 2003. Cocoa has more
phenolic phytochemicals and a higher antioxidant capacity
than teas and red wine. J Agric Food Chem 51: 7292-7295.
Arlorio M, Coisson JD, Travaglia F, Varsaldi F, Miglio G,
Lombardi G. 2005. Antioxidant and biological activity of
phenolic pigments from 7heobroma cacao hulls extracted
with supercritical CO.. Food Res Int 38: 1009-1014.
Othman A, Ismail A, Ghani NA, Adean 1. 2007. Antioxidant
capacity and phenolic content of cocoa beans. Food Chem
100: 1523-1530.

(20129 649 79 HS 201249 9¥ 64 AH)



