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Abstract

This study was carried out to elucidate the physiological activity of cacao(Thebroma cacao L.) subprod-
ucts. Cacao subproducts were prepared from cacao mass processing by L-BTC process and the effect
of supplementing these cacao subproducts to purified diets on growth performance and several metabolic
parameters were examined in streptozotocin-induced diabetic rats. The experimental animals(S.D., male)
groups were divided into five groups, consisting of one diabetic control group and four experimental
groups(CBH-R, CBH-S, CM and CM-NDF). Animals were fed ad /ibitum each of experimental diets
for 2weeks. The mean values of fecal weight in CM(cacao mass) group(4.8 g/day) was higher than other
groups, and body weight gain was increased and the reduction of body weight in CBH-R(raffinate of
ethanol extraction from cacao bean husk) group was significantly lower than other groups. The fasting
blood glucose level was decreased by CBH-R, CM and CM-NDF(neutral detergent fiber of cacao mass)
groups. The serum lipids(total and triglyceride) and atherosclerotic index were reduced in the CM(or
CBH-R) and CM-NDF groups as compared with any other groups. These results suggested that the
CBH-R, CM and CM-NDF feeding were relatively effective on the improvement of blood sugar depres-
sion and cholesterol metabolism in streptozotocin-induced diabetic rats.
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Anonyme, 1995).
Cacao bean®] Hf-(cotyledon)S Zrolr| H-5hd

HE7} 53 EES 48 4 dEdl, o2 cacao
TC -

paste, cacao liquor = cacao mass(CM)E &t}
(Hui, 1991). ¥H4, 422 cacao bean husk(CBH)Z
E8™, cacao mass AYIHEY = gG7trlo] Fem)
o 15%°] FAMERA HAAA R oF 409 Eo
- #7)5 5 QItHED. & F. Man Cocoa Ltd., 1991).
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Nt A ge] o] =a A
g omAIE Nze AgrE T g

2o toloE Folu Bk, FX, #U4s F
74E Agkat HEG A7 A3l g AR B4
o] ¥xF 2EF st £HF AL Hz} A%
I de AAolot uEiA oo dgh .
Zajo] Ertughy|, o]e] Ystow
= A 7154E EEke A7 AEFeF Q1A

= ARbe] g @AY Ao R ol
2E8le] 48] cacao masstt cacao mass A
%9 71 #7182 CBH Foe 4% 7154
AF 9 AN AAE g FEUL e £

Biol vl TR s 7] dFelth
(Yamaguchi®} Naito, 1984, ZEHE, 1996)
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274 vebdth(Eastwood er al., 1986). 12 ot

29 (Cacao mass 7F& = cacao 2o 4

w4 wstet olge B4 A ¥IE FALSH

of B8k bl 2=, ool ¢]aH CBH(cacao bean

huskye & 2ol #e] oF 54%4 ==, CB

lignin, cellulose, hemicellulose & pectin & e
2ol dfo) dko] oF g0%dl olEe 5
UHLee et al. 2001a). o}, TS o] &3t in-
vitro glucose B bile acid®] T2 dgolA )
oA 9473 glucose B bile acid?] SR FEHE
ugow, 53], B84 Aol ABE Holu
frEth 4 T =2 glucose R bile acid®} F5A
A 745 JERNUTHLee e al.. 2001b).

wEiA] 2 ATME olelet HE defske] cacao

bean ¥ cacao bean® ZH-E] L-BTC -&4(Buhler
catalogue, 1997)2.2 cacao massE A|Zsh= T4
o] FUAE, ZEla H7I=EE CBHY 2ol
E AER dd o5 AoldRo] invivo TE A
o]

O

(

7154 AEs 28 E vldstza) skgul

Tz o e

A=

2 Aol A Cacao bean(Theobroma cacao
L) Ghana Ao 2, LAMEREH Aokt du
(Lee et al. 2000, 2001a, 2001b)ol| A&} 7ol
cacao mass 7}3¢ FHAFHOZ LI mass
roasting process] L-AF2] BTC(Better Taste and
Color) 718 &4l wE} CM(cacao mass)¥ CM2]
neutral detergent fiber¢l CM-NDF, Z12]31 CM
2o} H¥4H29l CBH(cacao bean husk)®] ethanol
2o A 2Ry 747 4 CBH-S
CBH-Re] W (Fig. 1).
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Fermented
cacao bean

Thermal Pretreatment

(0.8 bar/170 )

Breaking/Winnowing

|
| }

Nibs/Treatment

Cacao bean husk

(CBH) (at 1.2 bar for 10 min.)
<~ Ethanol extraction l
Drying/Roasting
Extract Raffinate (132 C, 1000kg/hr)
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Neutral detergent treatment
CM-NDF

Fig. 1. Flow diagra for sample preparation from
fermented cacao bean.
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Table 1. Proximate composition and dietary fiber contents of cacao subproducts
Samples?  Moisture(%) Crude fat (%) Crude protein (%) Ash(%)  Carbo- hydrate (%) TDF(%)” NDF(%)”

CBH-R 2.1540.06” 20.59+0.06 15.12+0.19 5.96x0.04 56.18 53.6110.30  43.95+0.05
CBH-S 12.7310.34 0.5810.01 33.43+£0.09 18.03%0.67 35.28 2.77£0.52 0.58+0.01
CM 1.4210.13 55.93+0.23 11.3210.08 3.26+0.15 28.05 32274134 30.25%1.06
CM-NDF 5.511£0.58 - - - 94.49 94.49+0.58 90.00t1.14
See the legend of Fig. 1.

IMean= S.D.

ICarbohydrate by difference.
“Total dietary fiber
*Neutral detergent fiber=Insoluble dietary fiber-pectin(%)

I 749k, o] Wi CM-NDF= E-84 2]o]/dfollA Table 2. Composition of the experimental diets. (%)
Helgteke] zlolg Zalglon], 2 cellulose, hemi- Ingredient  Control CBH-R' CBH-SZ CM° CM-NDF*
cellulose 2 liginS %33Hch(Lee er al, 2001a). & Casein 200 192 183 185 200
= AgE 4°C94 %]xo].j_oﬂ B A /é]ﬁdoﬂ A DL-Methionine 03 0.3 0.3 0.3 0.3
2164 Sucrose 50.0 50.0 50.0 500 50.0
0]’)\1\1—/}1

Corn starch 15.0 11.8 1.7 11.6 15.0

Cellulose 5.0 5.0 5.0 5.0 0
Cacao Y0|&R72| 42| 7|5y =AL Com oil 50 39 49 487 50

Cacao Aol dF xvd 5 2 AAAL Choline bitatrate 02 02 02 02 02

Mg o g a4 FAHE7] 93y Mineral mixture™® 3.5 3.5 35 35 3.5
Streptozotocin(STZ, Sigma S-0130)0.2 GFkug -5t Vitamin mixture® 1.0 1.0 1.0 1.0 1.0
AR RAS dgew beg Lol sEdge  BHR S

CBH-S® - - 5.0 - -

AATsde. s ] ) - _
HAYTE  AFFES 5578 77 S.D(Sprague CMNDF®

o

Dawley) AIEE, (57) dstsELFAE 2R B (099 See the legend of Fig. 1. =
whol ARS8} T ' AIN(American Institute of Nutrition)-76.

AY Aols] 2A: SRUY) AT TE o)
ZFX (%) Table 29} 7+o], casein (vitamin free, mass(CM)-, CM-NDF=:2. & o] tha] 2537 A
Sigma Co.) 20, DL-methionine 0.3, sucrose 50, com o] & ARFEIG o™, oju 7z} & A Fo] H)E
starch 15, com oil 5.0, alphacel 5.0, choline bitatrate 3 guiE]lE #2239 B8 =R/4E ALeS)
0.2, mineral mix 3.5(AIN-76) % vitamin mix 1.0 AL, ol AR HFEE slon, Ao A
(AIN-76)Z 319, A3 dolx 5% T2 7t g, WE 2 E AR 01, AFe 2 7
&t AoR A8

AEA R Boftd: AEFES 2% 20-22°C, Alge] AH: 277 o] H o] Aol Byt 4
FE 50£10% B 1247F F7)e] Westeld AR FEEE 12M2F H2AZ] - ethyl ether® 7HHA
&}, stainless steel cageollA] 1577+ 59F A} VA A BRE AT AR APse] A8
B2 AHEAT F @RE FUNAC S = ¥, olg gL BN AlgE 319
Streptozotocine citrate buffer (pH 4.5)9 = 50 oh. ¥ 38374 (heparin; Sigma H7005)7} o]
mgkgd] TEFE 13] BIFFEAFSIOL, 1247 A4 A 2= micro haematocrit tube(GRAF Cat. No.
71 & mgRRA] Asted @7l 180 me/ 5.530-06)5 EAIZ1 &, 3000rpm (4°C)lA 10%
dl o] et GuaFE A dE2Le b AAEeske "@3s SEsiel, 899 9 xA
0.01M¢] citrate bufferit-g AME-8t T 3t A9 AER &t 39, 1P AEF saline
zre whho g Falslitt. o2 g3l filter paper (Whatman No. 2)& <

HHTE2 A 27 F A4 BEHCIE, & AAL g FAE Sl olde AIRE
FxF EF2 o], CBH-R, CBH-S, Cacao £ BARAA L70°ce] BE el BaAskih



220 AAAETE A 9 A 33E (20050 8Y

AsEy 1Y 5%
(glucose-oxidase) =7
w} ZA|E opckAoke] ' 278 ki(AM 201-
Ky& AHg-3td 500 nm°ﬂ’\1 B]—'Vé #Fatairt.

%ﬂ% T FetddaE AEE AT oo
2 A9 micro column®.E HbAlc (glycalated
hemoglobin) ©]]9} AEE& WIAAIZl T A
column® ZHE] HbA c& A|AH 3= column
H(BioSystem, Spain)yS ARS8t 415 nmol|A] v]4)
kel

SAXA 4 AR FHLE EHE welsty
FAHAH G o] &3 ofabA| kY] kiAM 1575-K)
9 Jatron kit(PL-E(OM))& AF&3le] 550 © 500
nmoll Al ZHzE Bl ekl & FH2HE 3
HDL-Z¥| 280 542 €3S Ealstl aay
AH-S- o] &gl okl 2k kit(cholesterol-enzyme 2
AM 203-K)& AH&-3te] 500nmol|A Zbzh W) gk
3159}, LDL(Low-Density Lipoprotein)-Z-# 282
th2-9] Friedewald 2](1972)2.& 313, 59743}
A 4(Atherogenic Index, Aly= €3 Total-cholesterol
o]4] HDL-cholesterol2- #l <*X]E- HDL-cholesterol
#HOE o] AHEEiTth

rlo

]

LDL-Zd 28| Z(mg/dl) =
/5 + HDL-Z3| 28| &)

T FU=EHEA(FEA

Total cholesterol - HDL cholesterol

Al= HDL cholesterol
SHAZ]
£ 5 4964 ol 23 Ade) FAY #

9] 42 SAS (Statistical Analysis System) program
S o]gste A3 (1988), p<0.05 FollA
Duncan's multiple teste 3Jste] 7t AP+H H
A7bel felde Ageiv.

EE L

Mol o o) HE, ME U vzl wisy
2ol °l go] HH, Al

T 3 W A wskEe Fig 29k 2
2o] gl Eo AT FdrY dadEolA
HORUE QA% E1r3 e
B }_5_5)( Y= Cacao 4

CBH-R#, CBH-S&#, CMZ % CM-NDF(cacao mass-
neutral dietary fiber)v>©] Z+z} 25.6, 24.6, 259,
28.0 ¥ 239g/day®=, Z} 7ke] Aol A9 g%l
U = HFEHFig 2-B)Y A5, 3R b=
(208.3 ml), CBH-R-(187.3 ml), CBH-S+(190.9 ml),
CMa(168.3 ml) 2 CM-NDFZ(194.1 mD2-2, 3
oiw A0 tha BUTh CM(cacao mass)—?
3} CM-NDF (cacao mass-neutral dietary fiber)a>-2
vz AA AHEAAT, FoA8e o AF
g}alro 24)\} T;HX-?—O] N?ﬂ z7]oﬂ H]o}&] ok
68.3gH = Z718hd| ¥bale], Fig. 2-CollA By vl
o} 7o), B YlZ+, CBH-R:, CBH-St-, CM+-
2l CM-NDF;L/I AE WHsle 74zt -13.7g, -4.3g,
-29 0g, +3. 8g -19.1g2 2 CMTRES: A)9jg 28
w5 Afole A olet o] P
H«l o] HHTe] BAFe} Al ‘:'%Loh
AR Foll AEAe] AT Part dojube
2, B el o A shesEYA 2 @74
ZH|=H Eolvt FAHANEY e 2 QA
o] HaFl #g wfEel AoR FAEHIUTHOH
A, 1994; Kang et al, 1998; 71 & 1998).

SHH, Ax FA9 ¥3kFig. 2-D)E EE Yk
A E% A vebton, A8E VERR = ke
APEES] e Feete RE oA
kb, 9= tFt, CBH-R:, CBH-S, CM+:
CM-NDF-#¢] v ke z}zb 2.1, 3.1, 2.5, 4.8
1.5 g/iday°]Sl, 53] CM-& ¥e| ¥57) 7}
B, FEefA wiHle] a3t 9lg ZoR o
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121.8 mg/dlolR oM, B 2 3672 mg/dl=
g%tz v 0}04 °E 3u) F 7= ATk Ethanol
F2E ZHHCBH-R), 555 459 (CBH-S), Cacao

mass (CM) % Cacao mass-neutral dietary fiber
(CM-NDF)¢] ¥9% 717} 367.8, 381.5, 3757 ¥
3682 mg/dlE @ tFRT H]28%

1535 9 iz g3 3903 mgdlEz 7}
oy AlE Yrhre BEF o] Arh v gk
$1(169.3-279.7 mg/dhyol ek, 257ke] A¥o] &
o] ¥ G dmde] A9 1585mydl, B
2 5812 mg/di=, Aol Bste] oF 37414
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Fig. 2. Diet intake(A), water intake(B), body weight(C) and fecal dry weight(D) of diabetic rats fed experimental diet for

2weeks.

T S71sknE @ CBH-ST 5375 mydiZ &
Yo TFT(581.2 mg/dRTh 2F7F
1}, CBH-R, CM % CM-NDF-¢
357.0, 4302 % 4163 mgdlE G o 75812
mg/d)ETE oF 0.75-0.720] B= Fhaste], s
o= IA % vlHou W= CBH-R, CMTH CM-
NDF2] 3 Astazrt =& Aoz Yeldthp

<0.05).

Hed], Aoldfe

& oFEEE XA, HE
3t Aslsted FHe] F4E 4
HHOE AR WS A
A Utk o)9F 5(1996)= 2

fm RS Y

HAasle Axglo

s wily s Pty

dge 717

Haorle oz Rusislrt. 53], B AT A
v B8 HolHf ol Bouw B84 4
ol 79 dFHAE Ws(glucose retardationyo] 7l
AEE HoF= AxAd], Bosello 5(1980)%
wheat bran 20 g& U

o Aol gxelAl 1L
A QEdlo] Fejsh
]

&, FHe & 1807 E
9] g VERIT L ®arg v) 9o

¢, Table 3oA] & @3} M (total glycalated
hemoglobin, GHb)E 2™, F=F 9] F J3} A
& Fee Yk tE+, CBH-R, CBH-S, CM %
CM-NDFZel Al ztz} 234, 164, 17.0, 125 %
159 %=, GANEF(10.7%)E 0 wgoy) RE
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Table 3. Concentration of glucose and glycalated hemoglobin(GHb) in serum of diabetic rats fed the experimental diets

for 2weeks.
. | Glucose(mg/dl)
Dietary roup” 0th week 1st week 2nd week GHb(%)

Control

Non-diabetic 121.8+ 7.9% 150.3+ 7.6¢ 158.5% 6.6° 10.74 1.4¢

Diabetic 367.2457.6 390.3+67.6° 581.2+43.2° 23.4+11.4°
CBH-R 367.8+27.8° 246.8423.6° 357.0422.4° 16.446.7°
CBH-S 381.5+87.8" 224.6+121.5° 537.5+59.9* 17.0£2.4°
CM 375.7+73.4° 169.3498.5° 430.2+87.6° 12.5+0.4°
CM-NDF 368.2+58.2¢ 279.7+152.9° 416.3166.1° 15.9+5.4°
"See the legend of Fig. 1.
“MeantS.D.

Means with the different subscripts in a column are significantly difterent(p<0.05)

2o F7ko A et 2T} folHog Yol
o} (p<0.05), &3] CBH-R, CM#3# CM-NDF+-2]
Z 93 g4 w=rt e ol Hlste] Wit
dubH o o] A, FEA F2 oY 7HA
8200 ofsle] Faks o, Ay Mo 2o] 4
HAgFolu} GHAIZH o3 YEFE W=
s A olEe TS 2

o] & HA e A, 1

o gz WA NEF oL@ rHGabbat et al,
1977).

A3}H o2 CBH-R, CMz3% CM-NDF#< 23
2o Bt 89w/ e vslel Ra &
% %]—ﬁr @An/\g] b:]:_E_ 09,]x4 oz @i’\]?]Eﬁ_
7t e Al HAdsigon, ol ol /A
A& thel Lee 5(2001bye] B3t in-vitro glucose
FrAQETe AYgAE & AT

Z X E(triglyceride, TG) 2 2IX|Z(phos-
pholipid) ==

Cacao 7}y 2be H7ieolrt B E&¢] €%
el F4A4d 9 AE Fxol

Table 49} 7}

T jzaro] 109.04
mg/dli X“H:HZJL(% 01 mg/dl)ir/} =gkth. CBH-
R, CBH-S, CM % CM-NDF#°] Z+7} 110.00,
92.30, 81.53 ¥ 98.71 mg/dlE CBH-R#7HS #|2)&h
EE cacao AV B diERRtE 74 &
S BHoL}, o4 St Mardar(1983y= &
w7t faE HELE "3 ALY 0] o}
Al Bsk vf 2191 Breckenrkdge 5(1978)2
STZ 3 WaFdres S444 3ol A3 <
7hel=d), ol o RNE YRFAOFEY FA
2" AA 7140 g Azl 7elsiviy B
ATk &, Choi 5(1983) Fiye] gheslE
Atoldat €3 Fel2HE ¥ 444 59 e
I e NAYAF oo A E o] vehdTial
Ryseh 2 Ad@dM dRFe FH4E =
£ 80~110 mg/dlE v 2A Xé & aEe] &
L IR TEE B tiEd 104.09 mg/dl,
ﬂ%}:} 140.17 mg/dl, CBH-R, CBH-S, CM
‘;' CM-NDF-o] 77} 14541, 20436, 13427 2
125.76 mg/dlZ, CBH-Sw#%to] Tk thzxtol H]s}
o w$ ¥ F2E vehidd.
o|¢} 7ro] STZ Hzlofl ofgh B = <lsted

01

v

Table 4. Concentration of triglyceride and phospholipid in serum of diabetic rats fed the experimental diets for 2weeks.

Dietary Group”
suring i t!
Measuring items . .Con rol _ CBH-R CBH-S M CM-NDF
Non- diabetic Diabetic
Triglyceride (mg/dl) ~ 90.01£20.48°  109.04+42.48*  110.00+46.49*  92.30+45.68° 81.53+9.79* 98.71£44.65*
Phospholipid (mg/dl)  104.09+4.48 140.1743.93° 145.41£1.31°  204.36423.75  134.27415.74"  125.76+4.72°

"See the legend of Fig. 1.
YMeanS.D.

Means with the different subscripts in a column are significantly difterent(p<0.05)



Cacao 7F5-2Hz2] A7} 2Jo)7} Streptozotocin

A A ARERE ol AN TiARe] o] de] e E o]
dHo] Axld 2 FH2EHE w2t GGFNA
B} molxle AE PO cacao F7H] el
oste] tha wolx] AAAL Bl o= A%
2% e Aoz Azts|o A}, A%, CBH-S#&
3o Moldg FEo R oldt Badd g =
o] "olx AA A9 o] Zolx|e=

e Aew A7tEg.

Z2{|AEIZ(cholesterol) &2f

Qo
STZ 5 25 % AT E ddFe &= FyPx
H €, HDL- iaﬂ*Eﬂ LDL-Zd| A28 E 2 594
3} A 3¥ol vHE= oﬂﬁhoﬂ 3t 2d A= Table

59} 7},

% EdsEE @ Fd dgx2T 76.61 my/dl,
G tiEFo] 100.24 mg/dle] 3., CBH-R, CBH-
S, CM % CM-NDFte] ZH} 9543, 125.57, 102.71
2 87.85mg/dlE, CBH-R#3# CM-NDFw-ol* &
igﬂ/\gﬂi tﬂ-a}:o] w/\}otq CBH-S D]—o] 1:}3,\_ ':3;_:
& AL ®wyrch LDL-FHAHE Tge zhzt
45.82, 29.62, 51.03, 4669 2 28.66 mg/dlE, Fi=
)z Blsled CBH-R @ CM-NDFi#-& LDL-Z
H2HE FEE fF¥oz A= EHE Y
ER Atk (p<0.05). ¥'E, CBH-S ¥ CMT-& Thhk
=2 s vehigied fo4d2 gl

w5 HDL-Z 2B 22 5t Tk tReel
v)sle) 2E cacao A7} 2lo]+e] HDL-ZHZ=HE
7t oA thp<0.05). AAZ P kel 30~
40%M| 4 ZA M Z: (hyperlipoproteinemia)S: H.0|
I, 85 FAXNAE 9 ZY2HE9 FEvF A
of Hlgte] = FAo| & XA k= A, LDL-
FHEHE i‘iﬂ FolA]E WHH, HDL-Z-# 2H|
2 BEE Yolx7] &) % HDL ¥ LDL-Z

e Wy

>{V

WP el P D BT AL4F) Ve 9P 223

HHE F= o] AR H[E2 EUelE
A}t v, 1997). W73kl g Al 59
743kR)9(Atherosclerotic index, A= FANET &
Y tizwe] 2,07%0E Hlske] CBH-R, CBH-S, CM
2 CM-NDFE 747F 1.18, 1.24, 154 2 LI7T&2 ¥
olA = AEES B THp<0.05).

CBH-R# CM-NDF= 2ol ghgo] zoma
ol#igt FH|LHE Adtade 2o|dRrt e
A ZY|~HE £ bile salted A&t bile acid
2] enterohepatic circulation AFFOZH Fd X~
HEo] A&7t WelE7] il Aoz AzbEd
(Story, 1985). Fisher 5(1966)% Fx= 7 dF ol

oA AHide BF FU2HE 25 AT
3, atherome’d A3 e Xlﬁgo A Ik B
23 vF gl=d], B Ao ME U5 cacao Sl 7F
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Table 5. Concentration of total, HDL and LDL-cholesterol in serum of diabetic rats fed the experimental diets for 2weeks.

Dietary Group"

Measuring items

Non-diabetic control (Diabetic Control)

CBH-R CBH-S CcM CM-NDF

Total-cholesterol (mg/dl)
HDL-cholesterol (mg/dl)
LDL-cholesterol (mg/d1)”
Atherosclerotic index(AI)"

32.8349.19"(32.6142.06°)

1.3410.55"(2.07+0.08%)

76.61+10.06°7 (100.24+2.97%)

34.40£11.55 (45.8247.57%)

95.43+£2.58b° 125.57+9.28° 102.71£3.03° 87.85+8.42°
43.80£5.29"  56.08+5.32° 40.39+]1.74° 40.49+3.82°
20.6242.89"  51.0341.93" 46.69+531" 28.6612.69"

1.18£0.40° 1.2440.51°  1.544037°  1.17+0.34"

DSee the legend of Fig. 1.

“MeantS.D.

JTotal cholesterol - (Triglyceride /5 + HDL cholesterol)
#(Total cholesterol - HDL cholesterol) /HDL cholesterol

Means with the different subscripts in a column are significantly different(p<0.05)
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