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Abstract

This study was carried out to elucidate the physiological activity of phenolic compounds from cacao
(Thebroma cacao L.) and its subproducts during cacao mass processing. Phenolics from cacao were
fractionated and their anti-oxidative effect was investigated. Free phenolic acid (FPA), soluble phenolic
acid ester (SPA) and insoluble bound phenolic aicd (IPA) were extracted from defatted cacao and its
subproducts. The anti-oxidative activity of these samples was compared by measuring of thiobarbituric
acid value, peroxide value (linoleic acid substrate) and electron donating ability (EDA). The IPA and
SPA extracts were highest anti-oxidative acitivity among the three kind of phenolic extracts and showed
higher antioxidative activity than that of FPA. Three fractions (procyanidin B-2, epicatechin and catechol)
on TLC were detected and epicatechin was assumed as major active component of anti-oxidative action.
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z+8, & HIV 24, DNA Hozhg, & 928,
g &)z 28, 3 ACE(angiotensin converting
enzyme) B4 A3z 5 B2 AREAAE 7R
222 UthLee et al, 1998; Shetty, 1997; Cook
7} Samon, 1996; Hertog et al., 1993; Cliffe et al,
1994; Huang et al., 1992, 1986; Kwon, 1991).
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He g8 9 oAg A7 olg- #Es 3=
2k th(Kahkonen er al., 1999).

A, oleigt #HsA AgiAERAM FHE cacao
beano|-} masse] Ee]HEF AREE IFA 28
FEEg X 2L, U7 gHE2r] 28 9 A9
o} &3 F, 2% A% AZozNE N2E W
ozAd 28 o o2 kst 7]5S 7Hde] B
aEe] Hap ¥hile] wolA| I Uth(Takizawa, 1996).

Aol Me 2 F9F 2F8le FYESY cacao
bean(CBy& E&, 71 5 #H71=%0" CBH(cacao
bean husk)ollA HE| z}Ee] Ae] 48 g43)
B 5 2EE 3 AR gk Aze s ¥
A dye & A3E AT Ade dFolthKwon,
1991; Lee et al., 1998).

spAg vlde] EejHlEs ek, 3= epicatechin,
procyanide, catechin 5314 52| flavon-3-ol& 74
o] 3le], sl OHZIOl 23 72t gitsl g4
B G 2AFe] ZldEE 7t fE H
= BgtEe] ksl @A g Hale vvEia
(Yamaguchi and Naito, 1984), 53], cacao 7}& %
o] wigle] disir= A8 RiE wirl gloh

el 2 A= A F7HA] cacao FrEfe] #
= B uigh vv)gk A7 v FFReFe] vh
ol W& z2kge] A @ Az F w7)HEE
3. 2l CBH(cacao bean husk)E& ©]88 79 ¥
Apgle] 2|EHE- 9 F7dnolel: SR Ae] Bt
2 G3e AL F ke ¥ Bl #AE cacao
mass 7} %(winnowing, reaction ¥ roasting)2] %7t
AES AR ZEds HES 2Ysd, 7t &
5o =4 sl 9 sl $4e =AM

Mg W ey
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B Aol AREEE Cacao bean(Theobroma cacao
L.y Ghana o2 LAMRPE A3 2odch LA
©] BTC 7} &% (Buhler, 1997; Lee er al., 2001)°)
we)} Az} FAW F7F AFE(Cacao bean husk,
cacao bean, winnowed sample, reacted sample 2 cacao
mass)yS 82 AMEIom(Fig. 1), ZF A8+ 4°C
Waarel] natshdA Agel] AR

Il=d S22 F5

Phenold 2-& Krygier er al.(1982)2] "ol &

LU

Thermal Pretreatment
‘ (Pressure:0.4-1.2bar, Temp.:150-190 T)

=
(Pressure:0.8-1.6bar Time:6-14min.) -

Drying/Roasting
(Temp.:124-140 T, D.R.:900-1100kg/hr)

Fig. 1. Flow diagram for sample preparation from fermented
cacao bean.
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WO R diethyl ethers AME-3t] 12417 353 ¥
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Sample 1g(Detatted powder)
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Fig. 2. Extraction and purification of phenolic acids (Free, Esterified and Insoluble-bound).
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8iA17! ¥, 6N HCIZ pHE 22 3% o+, n- S 23ske Bray9l Thrope(1954)2] WHoz
hexane® & F%3l3, DE/EA &L= 99} & ZA3I]e}. &, 7+ dJed B4 02 mlol 2% Na,Co,
A3t WHoR F& FFHEH SPAR FF - &Y 20mlE 7Hete FE8] EFE 28 Fo 50%
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devlz &3 @2 A 4 N NaOH 10 ml Er WA § ThS B33 = A (Spectronic, GENESYS-
< 7hste] AR 71REEe] oA 4A17HE<t 5, USA)Z 750 mmel A 9] E3x8 &A1t
iR A ATt A 6N HCIE pH 22 233 o Phenol 32 catechin(Sigma, C-1251)% EFE32
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Aol k3l FAl LS o-tocopherolS TIFEE o]
Sidwell et al.(1959H)°] el og TBAGS &3
stod FEh. &, linoleic acid® 0.03 Mo| HL=
0.1 M phosphate buffer(pH 7.0)9} ethanot Z%}-8-nj
@1, vivell d7kste] 718888 Azt of 7]
A& 20mioll 0.1 M phosphate buffer 19.2 ml2}
1% AEE9 08mlE #H7F8t, 40+ 1°CE /A3
GF27A 1~787F KSR AAH O E TBARS
Z3 34tk AR 20mlol 35% TCA(trichloroacetic
acidr®) 1.0 ml2+ 0.75% TBA(Sigma T-5500) A)2f
20miE 7hste] E§e & d3e F5R0A 40
H7E dkga7l 5 de&o g wWzkslil, acetic acid
1.0 mi2} chloroform 2.0 miE 7FsF vk 3000 rpmef]
Al SE AAEE R el F4EE 532 nm
A EAste] TBAWS T3t

H2F8}E 7H(Peroxide value, POV)2] &34 #H4bs}
E7le 23 9 (Osawa®} Namiki, 1981)9— A&
slod g3 o] #8ktl. & 0.1 M linoleic acid
20ml®} 0.1 M phosphate buffer(pH 7.0) 20 mig]
el g AMEdEHL FHFOR oF | mgo]
He #HE 7184 50 mliE pooling upshSith o] A
PH-g 45°Ce] F2xoA 2pF HESHA HA A
& AFH 0.1 mie FH3dt 75% ethanol 4.7 ml°]
7Fatdiet. 91719 30% NH,SCN 0.1 mi® 20 mM
FeCl,-3.5% HCl 0.1 ml& 7}ate] 387 whxsh &
500 nmol| A9 T2LEs 233Ut

AR Felsel 24 A ¥ % (electron donating
ability, EDAY> Blois®l %1958y ¥idsle] 24
st &, AlE 02mell 4.1<10°M2] 1,1-diphenyl-2-
picrylhydrazyl(DPPH, Sigma D-9132) &% 10 mlZ
7bek 3 102 B9 FEstar, 1083 vkeAlA 525
mmellAl SRS ST oldg AR e
Alg FH7Rreh FE7ERE FE e AolE the 4
oNx e} Zro] AlLtste] MR EABHAT

-B

EDA(%) = 2B« 100
Q71 Ae TRV E¥E, Be Al AUt
T FFrolrt

Polyphenolz2| =4

Cacao AlEONA $Z3 7} phenolic E8 ts}
o] Silica gel-coated TLC plate(Silica gel 60 F254,
50X5.0cm, Merck, Swedenys ARS8l #E4] &
s TG Kwon, 1991). 0.025 g/mle] A& @
3555 & (catechin, procyanidin  B-2, epicatechin,
catecholyS TLC plateoll 2-5%] spotting®}S3 3L, benzene,
ethylformic acid % formic acid(2:5:1, viviv)e] &
2 AR e RS Ao fFiaw gkl
vt d¥A 2 FeCL2l p-anisaldehydes AR
UL, FeClol olslA FMom day)s= &2e
7}830% polyphenol, “L#]3L FeClLoll thste] A
A 2l anisaldehydeol] €] 2o g whlg|s Yg
< 238 polyphenol® 574330t}

Zup 3! &

He=A E3e gihﬂ.;g' o2 3} E= ¥ o)Ak

Cacao A|22| phenolic acid &2 & 712E2| B3
x}o
1
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A2 A gk HJ%*# AeE 7HAL e 4
Agbstel WA ZA] EA)
dojut Aol dete Aes
‘ilc}(Bravo et al, 1994). olgg Hed BF F
phenolic acids= free phenolic acid(FPA), soluble phenolic
acid ester(SPA) 3 insoluble-bound phenolic acid(IPA)
2 BEFdHKrygier et al., 1982).

webA], Cacao®] 7t €A A|S2HE FPA, SPA
2 JPA EEfe] 7} phenol acid® FE&I L, olE
o] 3t catechin® BEFEAR slo] 45130

£
3

-

E
[

Table 1. Content of each type of phenolic acids in the phenolic extracts from defatted cacao and its subproducts

Samplesn Free Phenolic Acid Inso_luble.—Bound Soluble Phenolic Acid Total Phenolic acid

(FPA, %) Phenolic Acid (IPA, %) (SPA, %) (TPA, %)
CBH 27.73£2.57" 38.89+1.35 33.22+1.82 100
Cocoa bean 32.92+2.57 33.80x1.25 33.29+1.83 100
Winnowed 31.60+1.87 49.76+0.49 18.63x1.00 100
Reacted 21.05£1.06 50.26+2.91 28.26x0.67 100
Cocoa mass 25.18x1.46 48.58+1.92 26.23+3.94 100
1) Mean=S.D.

2) See the legend of Fig. 1.
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o 2 ZAa= Table 13 2t} Cacaod] €A A&
AN FZ3 M7HA] FE9] phenold EZo] ¥
phenold EZolA XA d= HlE&L, CBHAA =
IPA F&E3} SPA FEE9] o] 712t 38.89 %
33.22%°102, CBME ZH7; 33.80 ¥ 33.29%%,
CBH®} CBollA 9] gHFe] Aol & 4 1Atk 2
Hu 7} 278 A8 ¥ winnowing, reaction
2 roasting AlEolA PA7F Z+zt 49.76, 50.26 X
48.58 %= F7h= TS B & AUUTh E FPA
o] #3& CBHY CBollA Zhzh 27.73 9 32.92%
2 ez, Y AR 8 2 winnow,
reaction ¥ roasting A &olA zHzl 31.60, 21.05 ¥
25.18%2 CB9] 7FgAgle)] olsld thd Solxl=
7S BT o)E steam A 2 B X ¢
) G948 71 o gM raw beanolld] F8A9] HEA
Edo] fEsEr] dEolzt Azt Egt
IPA % SPA #%Z o] FPA FE2ES| TFH
o diAF o2 gAY vkd A3 e,
olg|3t A= Bx] 7 "ol &% Al7EA] 3
el phenold E&(lee, 1993), = A2 XH(Perillae
semen) BA| A Fo|A FZE3 phenold EZC| FF
de= g Agez AF AolE RATHKim
et al., 1997).
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slo} ARSI oM, 1 Ade Fg 3~74 2ok 7 2
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Fig. 3. Antioxidative activity of cacao bean husk (FPA,
IPA, SPA) by TBA method.
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Fig. 4. Antioxidative activity of cacao bean (FPA, IPA,
SPA) by TBA method.
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Fig. 5. Antioxidative activity of winnowed sample (FPA,
IPA, SPA) by TBA method.

He o] Cacao AIREZRE FE5% AI7HA] FEf9
Z} phenold FEE(FPA, IPA 2 SPA)Y} 313t &
3& linoleic acids 7]128A o= 3l TBAZS] 7
Aliistz vepd Aol RE Alse] SPA%H IPA
A= AArIZhe] uiEr TBAZLS] WE7F Aol
SPA W IPA9]| ditst &do] e Zlo® ey
on, FPAS] #¥st 842 WAl UElstZ, CBH, CB
2 winnowing A|E7Fe] Bde] ol HA ST
28y} reaction 2 roasting AlEOIA = SPA, IPA
3 FPAS] tst g4do] 7€) M]3t reaction©]
1} roasting®l] lste] @S WEA] et 53], 7}
AW Cacao A F2| phenol EF<9| aitsl &4
& H|ZFE AHES o-tocopherol®] sl @44 B
= o A vehdt ol AEE dslsg 7R
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Fig. 6. Antioxidative activity of reacted sample (FPA, IPA,
SPA) by TBA method.
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Fig. 7. Antioxidative activity of roasted sample (FPA, IPA,
SPA) by TBA method.

€ & F ATk E AA7IZRe] oA WA o-
tocopherol B THZE-T9| TBAZE ZA AHslshl,
SPA % IPA®] FEE9] TBA #& & WiglE HoJ

AlRJAEZS A 7d A 3E (20033

84)

2 gkgtom, 53] Aslabd 27)e) us gakst &
H7b UFE EXth mWE}A Cacao Rl Z phenol
4 FEEES 3t &492 SPASH IPA7} FPAK

oo 558 ¢ sle, olEd A gA E

el thEF Lee(1993)2] Ao} v]23l4th FPA
E X 57] o]gL, o]l89 FHEE e F ¥
He FEHEHRT th @AY HzslnzZ o]y
SPAS} TPAY] U E& 3t EA4e HdAle] &8
ZHoM B 588d AeE A=A

POVS #H3lo| o7t 343 g4

FAY Atel 271@ANA Abske] HEE veR)
= HslE/HE Z-EH(Osawa ‘and Namiki,
198ne2 43 en, 1 A Fg 83 FHrh
1YL CBHSF CBERE FE A7iA e Z}
phenol’d FZE(FPA, IPA 2 SPA)2] &3} &4
< linoleic acid® 71&gdo =z o] povel 2|3t
ZAAHsE Jepd Zleth. M7 FEefe} phenold
B4 gitsl 84S POVE B2 A}, 7+ A
B 25 TBA#S A9t Hisd g Yehddd
th &, A7 wet dERTH vasies o,
7} N 89 POV ®ish= Wolx ahis) g4o] &2
Aoz Jepdt) ey B2l 0.05%(w/v) BHT
Hths sl @40 tih HolXs ARS B
AACh T ohE Bl Vitamin CO S, A
717y 79X RE gitsl o] FEERE HojAles
Yt SPASL [PAY & W8S YehlA] o),
TBAGS] ZAollre} mpzbvtA = 4ty )
e =2 &ukst 842 UERE BEAT Cacao
2 Hsd B2 ol5d e Lee(1993)2] €
2 E7) dtolld 23 dEslgtEe] ats &
& A% A} Hiksgon, olde ARy
Bl Cacao ¥ phenold EAEL HA sHisiAz

o} &8 7kl A ZidisEe Aoz A=A,
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Fig. 8. Changes in peroxide value of SPA, IPA and FPA extracted from cacac bean husk (A) and cacao bean (B).
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Fig. 9. Electron donating ability (EDA) of BHT and phenolic acids extracted from defatted cacao bean husk (A) and cacao

bean (B).

Azgo] 4

g3l B2 hEHQ 7152 free radicald] X
A 24 2] 7lFolH, AL VTR E i FAA
2 ZAgdles AS, AR FAAE 2E3te Aol
T B E BAse AT 2 ddnksez A4
He I31EL Eaiste] FFE Y] free radical’d
ARES FAse FT 5ol At o)dd= AF
o] FAslol|l A Zuj2 L3 lipaset} lipoxygenase
59 54 Bk EAAAEA S 9
T Fasiohhft B %, 1989).

HZ HEy Fikst EFFY A8 VTR A
Al FAAZA Y 7lEo| F8% AoT FAHHT
Ak webd B Alge] F& bt &4 s
g 7128 golry] $j3ted, CBH B CMe] ¥4
Na2RE 238 A7 delel phenold 3
(FPA, IPA 2 SPA®} DPPHo| W3l Az} Fof 24
& BHTS} vlasliA Ao, 2 d3= Fg 9
g2 Table 29} 2t} A& 2% tZ7oA+ phenol
A B2 F%7} 001~020%E 7<= DPPH
o] h3 AAFHATE S718IHTl 0.10% BHTE]
AT 46%0)902LF 0.10% AFE FEolA
CBH ¥ CB9 IPA A Fo5L 7}Z}t 86.00 ¥
Table 2. Electron donating ability (EDA) of BHT and

phenolic acid extracts from defatted Cacao Bean Husk
(CBH) and Cacao Bean (CB)

Electron donating ability(%)

Samples
CBH (0.1%) CB (0.1) BHT (0.1%)
FPA 58.70 54.83 -
SPA 84.06 85.02 -
IPA 86.00 87.44 -
BHT - - 46.38

=90
T

87.44% 2, -3 A sS RSk &
SPAY] AR Folsw 7zHzZ} 84.06% 2L 85.02%E,
FPA 2 EoM 9 5870% 2 54.83% Hro} dQ &
& Az Fo3eg JeRd. mEbA [PAY SPAE
FPANTL %2 Az} 34955 e free radical |
Aol FPARY 588 & 4 dsler, ofgd o]
23 Az TBAZoIY POVE 2733 g3} 84
A} & °lE ikl 8]
g & = AUATh

FAHAE HAA
Az Fodsel 71ATE

sl B MEe| Eol

Cacao®llX] 533t phenoly B3-S TLCHOE B
2] @ g3 AFE Fg 103 2t} CBHSH CBollA
#%3} phenold EZ(SPA, IPA ¥ FPAYS FeCl,
9 anisaldehyde €902 WHIAZS ] Zhz} A
Zo g WIEI Y wEbA SPA, IPA ¥ FPA
T% 233 polyphenold] RO.2 el
SPAS} TPASIXME 22t 3709) spot(A, B, Cy7F A
£% whH, FPAYIXE A9 CYto] A& S AT Fig.
100014 2 uble} 2], spot A, B ¥ C9 R, #&
z}z} 0554, 0.761 R 09172, ztzt EFEH
procyanidin B-2, epicatechin ¥ catechol} X}
t}. £3|, spot B(epicatechini= ¥& ksl 843
Az Zowg vebd SPAS) IPACIAM T YERE

b

ul
=

flo

2 gial gAde] FAE-L epicateching] AoE A3
2} Aot
a £

Cacao Al59| ETjdlE FHFS 1.746~2959 g/L
0]21.2.5, SPA(soluble phenolic acid), IPA(insoluble
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