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Antioxidant and biological activity of phenolic pigments
from Theobroma cacao hulls extracted with supercritical COq

Cocoa—derived food (FLe. B2 2318 F0}

A 2HE)& Theobroma cacao L. (Sterculiaceae)
BHE Qo] WF BAE 3 ASS wIkth
A AA BE StellA AHEHA Q= o] B Y
2 33 A7 (phenolic acids, procyanidins, flavonoids)
o] 3t &tz 9 st AL zha 9)7] u
ol FRISIsHA A=A Qe Wollgast & Anklam,
2000a). Cocoa phenolics= &ital skajr]zt alot
59 Az e AE G4 SRk (bioactive
compounds) 241 ¢ It} (Ren, Qiao, Wang,
Zhu, & Zhang, 2003; Sanbongi et al, 1998
Wollgast & Anklam, 2000b).
bacteria (Osawa et al, 1990) ¥3+ oly2} food

bacterial pathogen®] W34 % cocoa phenolic®]

TS cariogenic

S 7 gltkal ojw] ®Bag wp 9ok &
% é% FF Y Axzeks Faste A A4
Hog o] AtKArorio, Coisson, Turri, &

Maltelh, 2000; Osawa et al., 1990). 7|31} ofx)

5o AxozRE UL phenolics vk oplz}
Cocoa phenolics®] A W ABE A (n vivo
bio-activity)l Eﬂéﬂ/ﬂt B A7 Hol Sirk
olefdt B 15 FF B oAkl #™o] 9l
CHShahidi & Naczk, 2003). 19949 EU(Europe
Union)ol| Al ZAFgE wlel] ofshd, =7l 191 AH]
g Iy ZFY L ZF3E xle] ko] AAE=
1.3 kg/year (X257, %A= 88 kg/vear (5%)
A HAv L gk 23 (53] 22 23S
ukAe]l phenolic antioxidant®A] da] AR&-HCh
Flavonol®]ell 202 polyphenole] A2 &4
o tiafir= A A7) Hol A Frt H
=de] Aol (HHI7HA flavonol#} flavonondl]
z)l <3P flavonoid®] 43317} 23 mg/day=kar
t}. o] #H7lo)| catechin®} proanthocyanidins<
Bhe) ] er=t) o] E, flavonold] AAAZ A (B
& phenolics X3s}te])ol EHEH*T:‘ o8] =e
o] ox7} Ha St} A& HHE = 23
7 717129 oF F9 atechm—c, plasma el A

A
unbound form &2 AWE ZaA 2k 05% AE

N

o N2

bl
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vho]  3l=ER] gk=vh (Wollgast &  Anklam,
2000b).

Cacao (T, Cacao L)% phenolic compound=
teFet FR7F e,
anthocyanins, pro—anthocyanidins, phenolic acids,
condensed tannins, other flavonoids 18]al ¢
42421 compounds (Sanchez-Rabaneda et al,
2003; Wollgast & Anklam, 200a) S°] ZAEo|tk

(-)Epicatechin® %02 & w cocoa phenolics
o] 2 siRMES At} (HEEA] 2E Forastero
cocoa bean®] 7% °F 35%<] polyphenol &), 2+
g E AZ cocoa bean®] % soluble phenolics=
2-6%°19, A]A 719 ik ohvel thkAel ¢
#557} =} Forastero typical content:= ¢F 6%
Criollo cacao W9 soluble phenolic 3Ha-2
Forastero®] 2/3 A% #t} o] @ 79 b
27 & HA sdrhe AS stk dE Al
cocoa nibs (" 570} Aml)€] phenolic el
okz1e] Wslr}b SukEt) Soluble phenolic 3Heke)
% el AA Fhdhe A glow HE
constituent®]  polymerizatione]  Lojdt}  (Shahihi
&Naczk, 2003) 23 Wol| EA8k= A &A e
polyphenol F7F 2224k 2148k ghe] ¢191o] &

je=he:] polyphenohc compounds=, =% A4
o7t Frol EoPPIx st (5= Maillard RE
5ol sl @ld} 29, colour development
of xgtu]o] WgIA 9 roasting Al A-g-g
. “Cocoa red’+=
“good fermented cocoa beans”2] common name
ol theke AAZ wAPE LFo] oA A
o} Wb, roasting ¥4 cacao nib colourd]
WsE Fakeitt

Cocoa®] kst A4 At =zt A+slo] gk
| ks Fol S8 8 (chemical characterization)
(HPLC, HPLC-MS) (Adamson et al, 1999),

catechins, epicatechins,

Tl

A& A2l pigment colour?!

DPPH" % ABTS "¢} & 2hrzhs A7sks o
s AT A AEd ol sk AT (in
vitro chemical studies) (Hatano et al., 2002), A%
Z ) AEsH A (in vitro biological studies)
2 nutrigenomicol] 7123k 9377 Kbioavailability, in
vivo interaction with cellular/molecular species)
o] Fo1 % t(Motohashi et al., 1999). Cocoal] A=
44 (bio-active) 54 Maillard W3- 0. ZFF
U2 compounds (H]|E44 brown plgments)olﬂ
o = phenol &=} W2 #=ol ¢

Cocoa hull < %‘O‘H’ﬂ UorE F2
BAMEZ theobromine, caffeine ~L#]3l  cocoa
lipids®] 2214 Fw9dom o] 8HtH1Ee] =&
A 9 =9 ypsaponifiable content® 214
cocoa butter=2= AZtEA] =1}, Cocoa hull>
cocoa bean®] YH-E0 22X T caao®) pre-roasting
A 52 roasting G F, Kol 5 FAll
cotyledons 258 £-2]H thde-hulling/de-husking
7).

T cacao husk 2 hullell #sjr= 22 A7)
o]  9ltiMartin-Cabrejas, Valiente, Esteban,
Molla, & Waldron, 1994). Z<*ell, pectin o]
Brh= o= sl o] FkEol o]&o] A7|H
o] $tHArlorio, Coisson, Restani, & Martelli,
2001). =S olabsterA WS {78 vlE o]&
A @a% FE AATE 7Fse Wielth &)
ek 0}‘43} cocoa nibs theobromine, #&
ojiksletAE ARE-S}
et skl Dhenol s 2 Al 294
ABHEAE o]8shs e A9 mHIgh Aol
o (ischemia)®l 2Jall 2483} neuronal degeneration
3}Fo] phenolic bio-active molecule®] in vitro
gAS 35%“?_]?7L itk AAE, dopamines HIE
S AE ofsiA] EuE

dopamme% Eix—q. B2 ug@s Aol o8 Ak

cocoa AH]

F-|-4 ;‘O mlo HE

ém\ﬁlmora__&onoi
o}-rﬂrU
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kg 4 9tk F Wk BF Ae e A
t} B o® BHl¥ dopamined glutamate
HE Fxgith =3 glutamate:= ArEto]ZHR2
2214 Aol fd]le] & 4= Qrk. kst EAS
71 bio-active molecule (vitamine E)¥ o}uz} <F
E(cabergoline, ™7t ## 3}gE a dopamine
D2 receptor AsEH)E in vitrodlA &4kst &
A 7R BER ARTEselt olelgt in vitro
aproacht= 313l B34S 2= E4A/FE Hrleke
ol &35 ol E]ﬂr
AT Hixe (D) olisteRE ol&d %

oA g F= (Supercn‘ucal Fluid Extration,
SFE)S A-83}] cocoa hullZ2FE t}hFsk phenol
22E FE3, Q) HPLCE 189 =4S &
A, (3) cellular ischemiaZ ©]€3F in vitro
model S AHg-Ste] dHitsl g3 58 ¥el=dl Sk

O

O

I, zHg 5l Wy

1. Samples and chemical analyses

T cacao L. (Sterculiaceae) hull2 Ferrero SpA
(Alba, Italy)2HE] FHuekth. Cocoa hull
At sievingeh F EASkaL, vk shebA 4
2 in vitro APl AREEHSI e EAow

,,_70/\61—?} oz 9%, )} g}aky = /;llo] Al

+, % phenol &, A, T8 To] XU o]
1 5 2 9L Ardorio et

Ay

ot

tio e
>

2. SFE conditions

AL 2AdAGAE ARSI 50 g9
cocoa hull25%H F& =1 2 727 t& &
AH831 phenol (C1-C5)& F&3 WHS Table
20 YepAT 294 F <
3] egith oAbglEkA & T FEES H9)

7] 9l AR 718 = Table 20 YeEPHATE

3. Antiradical/antioxiant activity

ey z/atsl 348 DPPH - v Ze] A
AE T3l Bt (Brand-Williams, Cuvelier,
and Berset, 199%5). &4Fst A42E IP (inhibition
percent; %)& &34 FAEATE DPPH 2helzt
o] IP ARt e vt 2k

Absorbance, _ ;. — Absorbance, _15,.:,

x 100

Absorbance; — o in

4. HPLC analysis

Shimadzu Class VP 5 HPLC system$ ©|-&3}

o 2255 PATL,

5. Biological activity test

157} retinoic acidE ©]-8-51°1 neuronalphenotype
o7 13771 Human neuroblastoma cells (SH-SYHY)
o] g3t At % IS A &2 A= 5A7H

m1ru

&9 ischemic damagedl] =% (oxygen glucose
deprivation-OGD-phase)A1Z] $ 20A17F&<t A4k
ST BRE FEEES IFH (RVC 2-18-
Christ, GMBEHDOIA AR & 3l5e ek
(1 u/mD 500 ulell A =ek oA F-
(045 um syringe filter) 10008) 3]43}e] culture
buffer (glucose—free, oxygen-glucose deprivation
buffer: NaCl 154 mM, KCl 56 mM, HEPES 5.0
mM, NaHCO:; 36 mM, CaCl: 23 mM, pH74,
B% Np, 5% COE ©o]&3fo] 241t bubbling ¥
AR EA Az oleheS buffer= 345}
o] positive-negative control® ARgE ¥ 2E 2

oM 2s vehliAl= 3ttt

FE OGD phase ¢t RE ATE 2974
ojitstet el oJs] FE¥ Cocoa hull FEE
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(C1-Co)ell
PEED

SEAZOH, RFEEES A A7
(a-tocopherol:  50uM; cabergoline:
10uM)3FATE Cocoa hull FEE7F AlE7R] 5
£ reoxygenation phaseE EalA H*8F5ich
Cellular vitality (viable cell®] %= %)=
MTT W& o]&sto] ALkst 3 Fol| S4a}
At (Mosmann 1983).

m. 7zt

Cocoa hull Wjo] theF#|Ql 2442 Table 19} 2
o} flollA AFg vke} 2ol hulle] + 74 =2
< AT (FEEA Aol o] el w&
% (methylation degree)E Z++ pectin=
%o} 2tk Folin Ciocalteu "ol ol3)
1.8%¢] phenol 3}gtEo] ¥E31E o] Qth= AL 3
¢13}itH Arlorio et al,, 2001).

OEL U.?L’

fot 4 o &

Tahle 1
Proximate composition of cocoa hulls (g kg™ & SD, dry weight)
Composition

Fat 68.1+ 2.5
Mitrogen 2090+13
Proteins (N < 6.25) 181.2£ 8.1
Ashes 81+39
Fiber 606 + 6.4
Phenolics (Folin-Ciocalteu’s method) 182484
Phytic acid (spectrophotometric method) 59+£06
Moisture 101.2 4+ 6.0
Theobromine (HPLC) 129+ 18

Cocoa hullZ25-8 F=3F ‘whole’ phenol 9] &
ksl #4S Soxhlet W OZ A2 methanolS
o]&3le] DPPH WS E3dto] elslith Cocoa
hull W phenollic pigment®] methanol FZEl
3t AA A2 (scavenging property)S Table 2
o] YehlAt}h Cocoa hullZHE wWEe FEE
(ko) 5008 3)49)-2 BHA (butyl-hydroxy—anisole)
10°Me] A 18} inhibition percent (IP%)
& YeEISE o g AlA 48 5000
8]438 Cocoa beans HEste] 4 wege F&
ol oJaiA =lskad

Table 2

Antiradical activity measured with DPPH" method (IP%)

Samples and reference antioxidants 1P (%)

Trolox (107* M) 97.90

Caffeic acid (107 M) 97.70

BHA (107° M) 54.08

Cocoa bean (methanolic extract, Arriba) 1:500 85,58

Cocoa bean (methanolic extract, [vory Coast) 1:500 8014

Cocoa bean (methanolic extract, Ghana) 1:500 96.55

Cocoa hulls {methanolic extract) 1:500 66,06

C1 {SFE Conditions: CO; 100 bar, 50 °C) 3333
(dissolved in methanol)

C2 (SFE Conditions: CO5 150 bar, 50 °C) 71.71
(dissolved in methanol)

C3 (SFE Conditions: CO, 150 bar, 50 °C) 40,40
(dissolved in acetone)

C4 (SFE Conditions: CO5 200 bar, 50 °C) 69,60
(dissolved in methanol)

C5 (SFE Conditions: CO, 200 bar, 50 °C) 2.50

(dissolved in acetone) dil. 1:200

Methanolic hull F+%%2] phenol &3t=2 ©]A
ALE F8 AA3IA T (Azizah, Nik Ruslawati,
& Swee Tee, 1999; Coisson et al, 2003). Hullfl]
Heke FE5ES Sl 891¥ B phenol SRHE
& kst Z8 AUz BAEA ddEnh o
et AR in vitro A5 E8)A 742 Cocoa
hull 559 2E 945 Isks Adolrh Hull
o e = T8 49 E#S epicathechin
T} p-hydroxybenzoic acid (ZZ} 2753, 2252ppm) ©]
t} HPLCE Edlr] deix]A] & njgis 2418
1519t 92 anthocyanins 2 proanthocyanidins
7b A AL 1Al Qv g o]2|gh gEE
in vitrool A 738k sl Es gl AowE Ha
ZAc} (Adamson et al,, 1999). 2+2+¢] phenol 3

o] o] FEHE A 2% 27
o AHapt RHoR Aasih aelE BT
S, hll 238 Age] o] FEHE 2e 3
7 SlaA A Aol ALSE FEWES ALY

2= 9}, ol#]dt WS 7herste] o]dt topicol T
3 HRFHAY ATFAARES aHs o[de] W
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5 (100, 150, 200barolA 50TC)& A8t} (Li
& Hartland, 1992; Li & Hartland, 1996; Rossi,
Arnoldi, Savioni, & Schiraldi, 1989; Saldana,
Mohamed, & Mazzafera, 2002; Saldana, Zetzl,
Mohamed, & Brunner, 2002). Y Alo]Ats}E A0
°Jgt phenol FEES wA87] Sl HPLCE AF
gtk g5 oAAa= 22 flavonoid #k
olyz} ®E phenolic acid’} €43 A2 o}y
Ak A caffeines ¥ o2 peakRlo] WA=RICE
Caffeine %% 0014-0081 mg/ml (C1: 0.014 mg/ml,
C2: 0031 mg/ml, C4 0.015 mg/ml). YA o)xks}t
G425 B8 FEd FEE s-dEon &
A kel 98l Als 2 Al Aug vt
7ol ischemic damage®] #olS #H7}sh=d)
HA3be in vitro model AlE ©]-838F3T) o]t
A% Ad} o]ikslebae] oF FE T ofMEo|

L3771 C3 2 C5 (150bar, 200bar)7} 73k A
=84 A& YERISITE Caffeine EHo] B2
Cl, C2 2 49 A5+ A= 248 YR
2] 931 ischemia damageES ZXAIZTH (Fig. 1).
A A2 caffeine®] §l= C3 2 C5%Fo] ischemic
damage°ll sl W EHE HERASIOH, o5
2 Y= cabergoline (10um) 2 vitamin E (50um)
o] A3 Hlszstdeh

o

=)

100 P
80
60

40 4

% call survival

20+

off isch vilE cab C1 G2 G3 ©4 ©H
(50uM){10uM)

Fig. 1. Effect of protection from ischemic oxidative damage with
cocoa hulls extract and some reference antioxidants (& P < 0.01).
Legend: ctrl: control cells; isch: ischemic cells; Vit. E: a-tocopherol;
Cab: carbegoline; C1 CS5: fractionated pigment extracts.

Procyanidin®} 22 oligomeric polyphenol 94|
damage protection®l] 7|8t} F Lol 7] ulo
9J&hH  (Hatano et al, 2002), cacao®] pro-
anthocyanidin glycosides®] “3-%-, (1) microsome
W NADP ¢]&4 lipid peroxidation (Nicotinamide
adenine dinucleotide phosphate-dependent lipid
peroxidation) 2 (2) linoleic acid®] AFHAAkS}ol] o)
&k Al aalzh vl gk o]fgk Sk peroxidatioin
A RESoA UEh s =& ez A4 4o
71913k}, thE 7P RE At @XstA|l clovamide
o] EAE & F AUtk v W (ischemic) #1F
ofvg} =} soll tgt caffeine®] *ol7] 2ol
aiA HaEt sitets, 2 A7E EeiA a2
Al oatd hull2FH FE% unknown &2
9] Wol7[Ate AR 4 glvkal dehEich

ofde] wgkE= FE3F Cocoa hull®] AR
3 ¥ AnE A ol F Hr
& AR e T8%k SMskE A EA
ol #-87Fssitt (dietary, nutraceutical, flavouring)

AES gtk C3 2 G5 59 Wold &4 &
B34 (ischemic process) 3 o] Aks}A

Agshetl 83 AvEA BE #Aile

tio

¢

7

rlo

e
==

ol

oo offi
1> N

L

= oo lr
o
o

2 W] phenolF E2E (pro-anthcyanidins 2
free phenols 5)& FR/AAT AFo|t}

AZAH o2 phenol o] 22 Cocoa hull F
FE2 55 A2 7)15E 7R wlg Bakle

bio-active compoundszti & 4= it}

ML hio-activedt 34k
3} 2 e AES 7= cocoa hull2H-H
pigmented phenolic fractions A& F Y= ¢

F-&3F o)t o3k phenolicee] 4t} &
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ox,

= mlru

2
_CL
T

7]

48 H71sh=d in vitro
3kt SH-SYSY cell & 0]

e o]&dto] A3}
8319 in vitro H7}
sagk A3 OGD damageel] Wl Z77} 9)
71| Ak

2135 2kdell 91e1A] functional colorant ingredient
3haksl BalA 25 S o= oA o] 8y

93 phenolic pigments®] AEZAH FHo] F

ARTHE B Fo3 doletw ),
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