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In vitro Analysis on Inhibitory Activity of Amylolytic Enzymes in Decaffeinated
Green Coffee Bean Extracts and Contributions of Chlorogenic Acids

Yuji Kamitani®, Kazuya Iwai, Taiji Fukunaga, Ryotaro Kimura and Osamu Nakagiri

R &D Center, UCC Ueshima Coffee Co, Lid., 3~1-4 Zushi, Takatsuki-Shi, Osaka 569-0036

Extract of decaffeinated green coffee beans (EDGCB) was prepared by supercritical CO; treatment and
alcohol extraction and contained 38% (w/w) chlorogenic acids (CQAs, consisting of 8 kinds of chlorogenic
acid isomers). The effects of CQAs in EDGCB on inhibitory contribution of amylolytic enzymes {a¢-glucosidase
and @-amylase) were examined in vitro. The activity of these amylolytic enzymes was inhibited depending
on the EDGCB concentration, and CQAs significantly contributed by 63.1-85.8%. Comparison of CQA isomers
showed that inhibitory activities of di-caffeoylquinic acids (3,5-diCQA, 3,4-diCQA and 4,5-diCQA) were the
strongest, followed by those of caffeoylquinic acids (3-CQA, 5-CQA and 4-CQA) and feruloylquinic acids (5-
FQA and 4-FQA)in ¢-amylase and sucrase. 34-diCQA was the main active component in EDGCB for inhibiting
maltase. The number of caffeoyl groups and the binding position for quinic acid significantly affected the
inhibitory activity of CQAs. The effects of EDGCB on the inhibitory activity of a-GI (acarbose or voglibose)
in vitro and on the postprandial blood glucose level were next examined using rats. Addition of EDGCB to
the reaction mixture with a low concentration of a¢-GI showed additive inhibitory effects of each enzyme.
Moreover, EDGCB prevented the increase in blood glucose level in vivo. These results suggest that EDGCB is
useful for prevention of postprandial hyperglycemia. (Received Nov. 13, 2008 ; Accepted Mar. 6, 2009)

Keywords : extraction, decaffeinated green coffee beans, chlorogenic acids, amylolytic enzyme, inhibitory activity, post-
prandial blood glucose
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goay vEBEEIE-RCEMR A BEET A K Y
72/ =WV THY, HERBHEER (DT 8, 7=V
F) LFTBROIRFILEYORIFTH B, -4
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VBEAZCEUARE L THISAT WA,

T, oy ooy vBRFEOEREER S U CimiEE L
FHHIERYY, IMESCEERDY, FREIERD, B
BY R EBESHRESNTEY, ot »EZHaNT
WA, BICHEESHER -V vy —¥, a-T7 35—
) BT L 2 MEE FAASER L TE, v—a v,
TyHAO xoFnh (TLEB WY, FuoRY Y
DEESESE LT, 7 ooy vBREEROSEIRESH
TW5a, —F, I—t—F 2 BBRIEEFEd 29 &0 -
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TRENH Y, Bz - -TOEKEMB XU 7 oo
VY 15 E OWEE S BRI EEE ST S hTw B
Lrl, 2—b—-SiEWicEgsnsg s ooy VB
DOIHEEEICH T 2R EEIC >V TREELRE S
TV,

FITARE T, BEFMBIcL A7 QUL
I — b —GiMEY OEESRERAEICOWT, SFEED
yooy yBREERICEH LSRR~ ORS 25 E L
fo. Eio, EREBEFMERKT AREEO—RE LT, 73—
E—EHHEIO S5 5 MBI B MEE LSRRI W
THHETHET 3.

S SV I S

1. EEBFH
-k — G, - —AgAEEREE (COo,
70°C, 45MPa), 7 — i (60% = 5 2 — I, 50°C,
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TRRED) L7cfg, A7 L—FoA L0 EBRLEMEE
BicHW:, 2—tc—ATRs7uur vBEEEOEVLS
(7 4 —5FE - 07 X% TH5 Indonesia AP-1 2L} &
LCEEL

2. vondUBEESORE

7 oas UEEEEES I 0 - b -~ T 5 Sephadex
LH-20 (GE ~NWWRE T NAFH AT R(HR)) h5L/o
RIS T4 —TDAY ) =N/ TS5V MERICLD
CQA, FQA sy & AiCQA HEis %43 L, 4H HPLC (v —
T A v Z(BE), PLCB6L) Ik b 3-CQA, 5-CQA, 4-
CQA, 5-FQA, 4FQA, 35-diCQA, 34-diCQA, 4,5-diCQA
D7 wuy o BREMNETER, S

3. I—cb-—-ERtYHhosoos v BEOTEE

IJ-b-giiHYho s oo s vEEER HPLC 2 B0 T
E& L7, HPLC DOdefFid Ll T icR L7
BEs  BAESERER (Vv A R (B, A
F 4 Inertsil ODS-3 46X150mm (Y —x ¥4 TR
(BR))/40°C, 8 : (A) 0.2% BEEE/ # ¥ 7 — L =80/20,
B) A4/ =, F5Yxyv &M 0-50min (A) 100-
55% (B) 0-45%, 50-60min (A) 55% (B) 45%, 60-65
min (A) 100% (B) 0%, & @ 3250m, Rl : 1.0
mL/min. SN E— 213, ¥ — v HEkEE & HREHEY
(5-CQA : 1.00, 3-CQA : 1.07, 4-CQA : 1.07, 5-FQA : 1.04, 4-
FQA : 1.04, 35-diCQA : 0.9, 34-diCQA : 09, 45-diCQA :
09 &93) KEISHFERLL.

4, o—b—-ERHHYE LU oor VEBEES OBR

PEEE M

(1) a-7va vy — EHEEE

HE, RS OFEYD 2BZ L TIT- 7. 5 v b/A
fB7 & b E (SIGMA) 2g 12 56 mM < L 1 v EEEE
(pH 6.0) 45 mL #MAEEIL L ik, EO58E (5000 rpm,
2043, 4°C) Lo bigafMRm s L. BBy —¥K
JC I 5 ERR Lol R, 27 o — RIS MBS
TEOFEFAW EERYE 0L I 56 mM v LA Vi
Wk (pH 6.0) 50pL, FABESRMK 50pl, AEEELT2%
TNk — R H B VIF 2% AV 0 — XA 50pL N A
RIUGZEAT - 72 (37°C, 30 0fED. #ERIE, EEER, B
RIEBEERIC AR L. <y —EEERIGK, A0
5 — EIEHER IR (3R K 800 L, 200uL 22 FhiNA
BRL, IGEELRS & (ke 10 98, £ D%,
JNna—2 CI-7Z 73— (REMETE) 2AV
TEBERGICESE Vo —2AFB L. Y5470
Yha =i s e NERREY (R > S TER RO
BEER Ry TR —2, K'Y E~—2 (Toronto Re-
search ChemicalsInc.) ZH Wz, a2V a v ¥ — LIHE
EHEOHERI T IO L D EH L.

a-7 3 vy — B ER(%)
=((A—B)—(C—D))/(A—B) X100

A BIERETRINL CORORISEOBE (2 v b o—

), B RR, BERARIL TORWERIGE ORI

(75v7), C:BRIARIGEOBNE, D: EEERML

TWIRWRINROBNE (a7 5 v o)

2 a-7 37— ERREE

BEZR NI EE & LT p-Nitrophenyl-a-p-maltoside (Go-
pNP) (SIGMA) AV, k4 f#Eiz & 5 p-Nitrophenol %
WOERE 405 nm TREBHVICHIE U 7o, #ERE 10pL i 20
mM Y VEREEEE (pH 7.0) T 10 (AR L 7o BRBERR R
a-7 3 7 —EiEk (SIGMA) 20pL, 20mM V) v EREER
(pH 7.0) % 160pLNA, 7L A vFa~x—v 3 v (35C,
30 43F) L7z, 20mM Go-pNP % 10uL iz BEER G %
=72 (85°C, 60 3R], 2 v b o — LB O = A S
P£100% & LT, MERIGHEOME = 2 5 A iE %5k
7o, BYF 4 Tavbho—wic s » SIEREY, 7HV
F—2%H W, a-7 3 5 — PIHEEEOEER I TLRO
AL OEH L

a-7 37— ¥EHAER (%)=(A~B)/AX100

A3y b O — VIR OULEE OFE &

B ARG OBSEE OfF =

(3) 7 oofy yBEOHESHERHERE~0FE

7 v w s BB S O 2 — b — BB~ o EE S
5ERi3 o — v -G OBRETENE 1IC % 100% & L,
(2 — b -0 ICs fEH] X [ 2 — & —EdiHh o~
ooy VBEEER(%)]/[7 0o s v IBREES O 1Cs iE]
ELTEHLAY.

5. BOMRBEa-GIE (FHIKR-R, RTUKR-R)

DEENREREEEENOLE

HOSOHFED I TiT -1, a-7va v 5 — ElE
EHIEBOT, THMFE-2 (R —+ 023, 64pg/mL,
275 —%:27 63ug/mL) BLUKRISYR—-2 (=N
g -, 2735 —+:011, 044pg/mL) XL, I3—k—
G OIEREN 01, 05, 1.0BLT 15mg/mL &7
B EHICHR, RUSEICRA L, 4R LichETHEER
T ot Fha-7 35— ¥HEEEELBVTOERIC,
T ANMFE—2 (60, 180pg/mL) % LEIEED 7 -k —
T EREA L, AQNTR UL FETEBRAET - 1

6. Tv bERAWEE (RVD0—-X, TIF—R) &

(1) EERE)

ik 6 EE O 5 » + (SPF, SD %) % 7 HIHBIKLE,
BV (7% 6 UL/ED.

Q) BE (2so—2, <Nk —2) BEEER

2y a—ABLUTTI b —REEIZ200mg/mL 723
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Table 1 Chlorogenic acids content of EDGCB

Content (% w/w)

3-CQA 5.12
5-CQA 14.8

4-CQA 7.03
5-FQA 3.84
4-FQA 1.29
3,5-diCQA 1.59
3.4-diCQA 2.10
4,5-diCQA 3.04
CQA, FQA 32.1

diCQA 6.73

EDGCB : Extract of decaffeinated green coffee beans

WHBLL, WEBYE AR L CRBERRE L
WERYIEIZ 167, 50 BL U 150 me/mL &7 5 &
HIITIER U7z, 16 Bl EsE S Eo5 v biTH L, &
SRPIE A 10mL/kg BEREO®RE L (X7 o0—-28
TrEER - A& 167 me/kg, HHE 500 mg/ke, SHE1
500 mg/kg, v v b — 2GR - P& 500 me/ke).
B A OERER, #5530, 60, 120 HEICEEIRN S
Hméﬁw INEUBS RS . ST R 2 — 2 (G
SRMEZERIEAT) & f o T E A R L

(3) ﬁﬁk@

BN IR BB TS L OEERE TR
L, —tEESESTEITY, FESEGRE P ER
B (Tukey-Kramer ) I L D EEEOLELIT-7/2. B
BKERGERESS BLU 1% & L1,

1 14)18)

ERERELUER

. O—b-—-SHE®os oos VEESEEEREAD
55

J— b —GH0 s ooy v BEESERIT CQA, FQA
ELT321%, diCQA & LT6E73% THY, A2 388%
Thot. BOEEHEO Y ooy VEEEEIL 5-CQA T
Hb (148%), = 0fh, 3-CQA 5.12%, 4-CQA 7.03%, 5-FQA
3.84%, 4-FQA 1.29%, 3,5-diCQA 159%, 3,4-diCQA 2.10%
B &0 4,5-diCQA 3.04% TH - 7z (Table D).
T 100g Ok 81g AEE) ducid, 7 ooy VB
PADES E LT, & v 328 104g, K5 10.2g, Ak
H22g IEE02g BEUH 7214 v 0003g 2EATOR
(HEEEVT & v & — Tk aiEBRRES %
206110333 5.

Mo soor VBEASD - —-BEHHHO <L
y — YRHEENE (a), 27 5 —¥HEEE b) 8L T a-7
15— EHEEE (o &, 2 -EbEYoBEREN
R E AR L7 (Fig 1), Z0BEERRSE L TRES
nN57 ooy vEBREESICHHEEESED SN, T-

a—k—5F

E -G O EEMIC CQA, FQA 4 & diCQA [
AREERSECEE LTI RS- (R7 35—+
48.1% (ICx: 1.01mg/mL), 35.1% (ICs : 0.260 mg/mL),
a-7 35 —+401% (ICs:0.182mg/mL), 451% (ICs:
0034 mg/mL)). —F, <y —FHEERIC>WVTIE
CQA, FQA Hi4y, diCQA B OHEREICHT 285
FNFN 14.9% (ICs : 0808 mg/mL), 56.7% (ICs : 0.044
mg/mL) T& b, diCQA Ei4sid CQA, FQA HEHi4 D 4
fE0FLE5TH -7 (Table 2).

Sic 8D v ooy VIR HEE A~ O
BEilgdss, 75—, a-7 ¥ 7 —-ETIE5CQA
MEbE<, 73—t -Gt oREREICES T 555
TH -1 (199%, 233%). 5-CQA 37—t —THEYo
FRAELTEFINTEY, o - - TRk
VIC L AEERY &—HT A0 TH -7z, <y —EHE
fERIC>VWTiE, 7 — & —EflHhicbh ™ 210% Lm
SEEINTOVRE W 34-diCQA DFEHH39.8% & BEE I
W EMHEE S (Table 2). BMMQAi#Ebm%
EFT DLV T 24 A NFFBORTET LY —HIT
HRE), hommiuEEEEAE T AR THDY, T~
b - B, R diCQA Bis @ FESIHEEER S &
LTHES LA OEEALONS., HTFE, 350072441
WRABESTHH 7 BHREEKELT, PV AT LF
FHE (34,5-triCQA) ME2E W d (TN T o R
DR p SBEEE N, S SIS a-s oY
¥ — CHEEMAE TS EAMEIN TV S, AR
5b v ooy VIBREICH I A EE O EESR OEEE T
mCQA(&5@CQA3A@KXM&&amCQAX>CQA(&CQA
5-CQA, 4-CQA) >FQA (5-FQA, 4-FQA) &7y, *+iik
EEET B AT = A A VEERIESTNIC S IKET S
T, FhTauAVELED AT A4 VEDIR L HE
FEMEICER T A2 &8, Y —a v, 0B 5 EOEY
T ORE & e TEE s N, D EORRAE R 5 &,
I — b — B OREE SRR O FHETEIEIC I CQA,
FQA, diCQA 72 F 8RO 7 v o4 v ERFE M KD 63.1-
85.8% L EMAMICES T A L EATRBE N, A
Tﬂwk:-t—4%&%iiW%%$ X0, 7724
v, BEPEEFRESNTVE (W7 =1 :003%, 154 :
0.2%). ?x”t, soar yEEEDAORSE LTS vy
E, BRSNS T NS, 7 oor VEEEENK 40% &
E&hf%é &, oHERERICEVWESER LI L
Mo, Ihs ooy vEEEDA DRSS OFS GRS T/
TVWbDEEZL LN,

2. I—t—ERHEYICLIBROBRBE o-GIH| (7
AIWR—=Z, RTUKR—R) OEEERNDEE
a-GLE| (FANE—R, FFVRER=2) T4 ¥R v5
WA T & 5 R 8 M ERE(EF B, /NETOBER
WaBits ¥, ARMEED F5AHE T 234 & LT,
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Concentration (mg/mL) Concentration (mg/mL)
—8—EDGCB —O— Guava extract —&—EDGCB —O— Guava extract
-~ Acarbose —&— Voglibose —L— Acarbose —&— Voglibose
(a) Maltase (b) Sucrase
100
g H/D o
kS
=
-
£ 50 B ¥
=
]
<
]
0 1
0.01 0.1 1 10
Concentration (mg/mL.)
~—0—FEDGCB —O—Guava extract —0O— Acarbose
(c) a-Amylase
Fig. 1 Inhibitory effects of EDGCB and «-GI on Maltase, Sucrase and ¢-Amylase activity
Table 2 The comparison of contribution ratio and inhibitory activitiy of amylolytic enzymes
Maltase Sucrase a-Amylase
ICs (mg/mL) Contribution{%) ICs (mg/mL) Contribution(%) ICs (mg/mL) Contribution(%)
EDGCB 0.374 — 1.36 — 0.228 —
CQA, FQA fraction 0.808 14.9 1.01 43.1 0.182 40.4
diCQA fraction 0.044 56.7 0.260 35.1 0.034 45.1
3-CQA 0.816 2.35 0.986 7.04 0.168 6.95
5-CQA 0.799 6.94 1.01 19.9 0.145 23.3
4-CQA 0.814 3.23 0.980 9.73 0.162 9.87
5-FQA 2.99 1.03 1.89 2.75 0.486 1.80
4-FQA 3.16 0.33 1.90 0.92 0.445 0.66
3,5-diCQA 0.252 2.24 0.342 6.31 0.050 7.29
3,4-diCQA 0.020 39.8 0.243 11.7 0.027 17.6
4,5-diCQA 0.158 7.18 0.296 13.9 0.038 18.3
CQAs 63.1 72.3 85.8

ICs : Concentration which inhibits amylolytic enzyme activity to 50%
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LR BBIRTIEHEENTWAY, 22 ¢4E, 72—k —Hif Table 3 Inhibition of Maltase, Sucrase, and a-Amylase

HY s RESSEHME LT a-ClHE & AT 2188425 activity by «-GI and EDGCB mixture
KA, in vitro 1T a-Gl F|O¥EFE S fREEZRIHE R o xt Maltase activity
T 50—t -GSO EEFE L. T ORER, 2- «-GI and EDGCB Inhibition (%)
b — G35 50% OIIEEEZ R T o-GL & DL Acarbose 0.23p1g/mL 48.9
TIBWT, RIMEHES I IERE 2R L, — icargose g-;gugiggggg 8~ém8;mi 25-0
. . N S " carbose 0. g .omg/m 7.7
75, MEE T 5 Sk ORRIR TR, IR R Acarbose 0. 23ms-+ EDGOE 1.0 me/mL 758
D SIS, - 12 (Table 3). TS oGl F|OBHEERIC Acarbose 0.2311g-+EDGCB 1.5mg/mL 79.2
T B3 — b SO EE, BMHO 7 > SEREY Acarbose 6.4pg/mL 81.2
- ” [ . Acarbose 6.4ug+EDGCB 0.1mg/mL 83.0
gl L 5 : , 4
RLBEEY L—HLTHY, o-GIALIARIL 7R Acarbose 6.4;1g+EDGCB 0.5 mg/mL 85.7
FECH A MRS NS, $HHEEL DEVERRIC Acarbose 6.4png+EDGCB 1.0 mg/mL 87.2
LT, 29— —GOOEIRIERA b o Rk, SCarbose 6.4ugwEDGCB 1.5 me/mL 87.9
— " Voglibose 0.11pg/mL 49.9
NES NI, Voglibose 0.11 1 g+EDGCB 0.1mg/mL 63.7
3. BE (RIo—X, 2ILb—R) BESHRICIBITS Voglibose 0.11pg+EDGCB 0.5mg/mL 78.4
—e 2o Voglibose 0.111g+EDGCB 1.0mg/mL 85.1
A E-EMEORE Voglibose 0.11pg+EDGCB 1.5mg/mL 89.3

5 . — TSR RS — - G

7y hAOR7 0= ARMEERTHE, T - b - Dl Voglibose 0. 4411 g/mL 81.4
FEAEH (167mg/kg), THEE (G00mg/ke) BLY Voglibose 0.44pg+EDGCB 0.1 mg/mL 86.2
BB < L H1zd RO Voglibose 0.4411g+EDGCB 0.5mg/mL 90.1
'E’]ﬂz"%ﬁjf (1500 m_g/_ig) @Faﬂﬂﬁ‘%&ﬁw &5 80 o7 Voglibose 0.4411g+EDGCB 1.0 mg/mL 91.7
DOiEEC FRAEEICHIE Lo (Fig. 2. [MEE FE0 Voglibose 0.44pg+EDGCB 1.5mg/mL 93.2
FWEHZE T 2BREMTH 5 7 » ~IERHY, HREM
Hi¥1d 500 mg/kg ¥ G ORER, 22 o — X EHH O ME Sucrase activity
il I T &SR TWVWABMWE - L] a-GI and EDGCB Inhibition (%)
HER2EBICEIT 5 & Esh 21010 - &g
I—b—FHEEchoBRFMEEHEERS L - Acarbose 2.7pg/mL 51.0

o g ey S [ HASEH A 2 . Acarbose 2.7pg+EDGCB 0.1 mg/mL 59.5

T A7 — ZARROMIEE LT OTIRLEED S 7. Acarbose 2.7pg+EDGCB 0.5 mg/mL 70.1
Lich-T, 22—t —SHiHY 500 mg/kg @ HE ISHEE Acarbose 2.7ug+EDGCB 1.0mg/mL 75.0
HASEM L L TOBMEEHMd 5126 7 - CRIED 1 Acarbose 2.7ug+EDGCE 1.5 mg/mL 7.6
B 2] o Acarbose 63pug/mL 82.3
WHETH S &’ibmt’ Acarbose 63pg+EDGCB 0.1 mg/mL 84.8

XKoo — e -Gt othHERE (500me/kg) KT Acarbose 63pg-+EDGCB 0.5 mg/mL 86.5
Wk — 2 EBEREBAER L& 2B, &5 23 INGG Acarbose 63ug+EDGCB 1.0 mg/mL 87.7

’ ﬁﬂj%%iﬁt‘ LEECS, #5505, 60453 Acarbose 63p1g+EDGCB 1.5 mg/mL 88.6
DffEED FAEEBEICHHE L Fig. 3). LhL, 20 :

N . e e Voglibose 0.11pg/mL 53.9
MEE EFEER IR R 7 o - 2 BB EERETH D, Voglibose 0.11pg+EDGCB 0.1 mg/mL 63.0
in vitro TO < Iy — CREEMS SR /3 BEE 1 14350 Voglibose 0.11ug-+EDGCB 0.5mg/mL 72.1

N R _ s . Voglibose 0.111ug+EDGCB 1.0mg/mL 76.0
SNiEh -t COFRICOWTHBAHTSH 555, 7 Voglibose 0.11pg+EDGCB 1.5 mg/mL 81.4
SR/ A KR THDNNTA) vBEOHELTEST S Voglibose 0.44p1g/mL 31.9
B &0, in vitro DFHIRIC T SEBETH S a-7 zOg}iEOSE g-ﬁuﬁggggg g-émg//mi ggg
s e . s -y oglibose 0.44pg+ .omg/m .
NVa vy —RhilEfta-7va vy —€L LTHEGR RS Voglibose 0.44 1 g+EDGCB 1.0mg/mL 88.0
M L 7oy, EROBE COHERE L R E00, Voglibose 0.44pg-+EDGCB 1.5mg/mL 88.9
in vivo DFHER TR IR E NG VIEENH 5, & o
F, O— bSO TS — ¥, 2 S—EBLOT a-Amylase activity
35 —ERHEFRMICE VT, CQA, FQA & diCQA &L a-GI and EDGCB Inhibition (%)
EABENEFNKRECEL ->TED, NS in vitro & Acarbose 60pg/mL 93.3
] ) . s Acarbose 60pg+EDGCB 0.1 mg/mL 67.7
in vivo DFERVEFE L 78 5 » KRR O—>TldE Wi & Acarbose 60pg+EDGCB 0.5mg/mL 73.3
EZoN3, saas vBEOEEICE - THIEERSE Acarbose 60pg-+EDGCB 1.0mg/mL 86.6
Acarbose 60pg+EDGCB 1.5 L 91.4
HIBIFER~ D (EFT I 495202 5 TTREMEDSE 2 5115 1o, he P/
. ] . . L . Acarbose 180pg/mL 89.9
in vivo 12T 7 aw/y Y BREVERBIOFHE S LI L ER B, Acarbose 180pg+EDGCB 0.1 mg,/mL 93.8
7 v n s v BERO S _ LS EISIER BT A ER A Acarbose 180pg+EDGCB 0.5mg/mL 97.7
- s g . _ . Acarbose 180ng+EDGCB 1.0mg/mL 98.6
i, AEIREEL S WBROBREEHOMT, BE  carvose 18005+ EDGCH 1 5 ma/mL o817

o BT A Na* (KER 70 0 — 265 ECERY, in vitro



(33) WA - o— b - OEE S IREEEE 341
180 ¢ 180 ¢
160 | 160
3 N -
% 140 % 140
E 120 2 120
£ 100 $ 100
Q
g 80+ o 80
Q
Z 60 S 60
=] v
g 40+ 2 40
= 3
20 | B 20
0 : : : : 0 : ‘ :
0 30 60 90 120 0 30 60 90 120
min. min.
=<=Control ~&~EDGCB 167 mg/kg
——
—e—EDGCB 500mg/ke  —®—EDGCB 1500 mg/kg Control —8=EDGCB 500 mg/kg

Fig. 2 Effect of EDGCB on blood glucose levels in sucrose
(2g/kg)- loaded rats

mean=®S.D. (n=6) Different letters are significantly differ-
ent. (P<0.05)

TOA VA vAUMEEIER? bEShTw 3, —7F,
sans YBREEEE X OERE b L IkaieZs
THRNENBEELONTEIR™Y, @HLa—- -5
MY ZERL 288, BENTE 7 ooy VviBRBHICE 5
WHEAREERILE, /v - 2@EHEOMIC, ooy
VESEEHEBEORIN G ERHCEC - T B EEZONE. &
®, Ihovooyr vBEOKNEREGEA, 27—k —
SR O EE ESEER L C, 7 ooy viREE
OYEE D RERAE L 71 0 — 2EElE~OFSEI& I
DWTHE AP HETH .

E:2 #

KIFZEE, BERMHICZ 0D 7 = A4 VB Lo —
E— St OWEE S RBERIIE S, TO0ERNTHE Y
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(2g/kg)- loaded rats
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