YAKUGAKU ZASSHI 127(8) 1291—1300 (2007) © 2007 The Pharmaceutical Society of Japan 1291

—Regular Articles—

FILEEDRY 7 = / — VRS (C & % REFH

wuy, o BHEEN « BE—, > MEE, ¢« HPES%,
KH#R, 0 HERESL, © S8H 0 HHEE, o Hl e

Evaluation of Gambir Quality Based on Quantitative Analysis
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Gambir (asen’yaku in Japanese) , an aqueous extract of leaves and young twigs of Uncaria gambir Roxb., has tradi-
tionally been used as a treatment for diarrhea and dysentery as an internal medicine and for sore throat as a gargle.
Although it is a pharmacopoeic medicine in Japan, the quantitative evaluation of its constituents has not yet been adopt-
ed in the Japanese pharmacopoeia. We analyzed polyphenolic constituents in 31 gambir and related products to estab-
lish evaluation methods, since gambir contains large amounts of polyphenolic constituents. The total flavan contents in
the samples revealed using the vanillin-HCI estimation method ranged from 24-79% . Reversed-phase high performance
liquid chromatography (RP-HPLC) analysis indicated that catechin was the most abundant constituent in each sample,
with contents in the range of 7-76% . The catechin contents in the gambir products between the first and third quartiles
were 28-54% . Thus, the lower limit of the catechin content in gambir products can be set at around 20% for quality
management. Fifteen tested samples were subjected to HPLC analysis to show the presence of epicatechin (1.5% on
average) and the dimeric compounds procyanidin B1, procyanidin B3, and gambiriin A1 (ca. 1% each) . The molecular
weight distributions of polymeric flavans in the gambir products were analyzed by gel permeation chromatography
(GPC) and showed that the average degree of polymerization for each sample was 3 to 7. These results indicate that the
combination of the vanillin-HCI method, RP-HPLC analysis, and GPC analysis gives valuable information for evaluat-
ing the polyphenolic profiles of gambir products.
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R fili 313 catechin %% 20-40% fij 1% ﬁﬁ?‘% el
LHEDD DM,V BIEOM I TS HICET 5K
U7 x/—)VHOEENREHRIZIFIEAERN, £
ZTAMETIE, ENRESDIFED, EREMTDH
L4 2 RRTTEMODERES, > 2HR—IVKOH
EHHNEEATFL, IS OFIIEEEHITONT
catechin 215D & LR 7 =/ —IVpks O E &N
BBEELLFTOL D170 7.

9, INETIHAFTEENRRBRE L THA
SNTWAHINZY RIS ZFMMALUTHRT I
CemEEREM UL, ONZY DB RORIT cate-
chin HO ABRENZY 2 EDRIBITE B EENT

B0, GRS > =2 & F 0 catechin B &2 K>
B OERICLSFAEINTNS.

—75, EESIFIEROERST THDRY 7 o
J =V DRRP B A RICD W T 217> TH
D, FOfEE, (+)-catechin (1), (+)-epicatechin
(2) DIE M, catechin B E 2 /A% & L T pro-
cyanidin B1(3), B3(4), gambiriin A1(5), A2, BI,
B2, C ZHi# L, gambiriin A1(5), A2, B, B2iZD
WTIIHERTIEZTTVIE L TV 5.7 AFETIZ
INSHRY 7/ —=)lDSE, FEHLS5H D catechin
DIFH, RS
B1, procyanidin B3, %X gambiriin A1 [ZDWTH
Wk O 8757 ¢ — (HPLC) TE&RZE(T-
7.

51, WHOHPLC & Tl TERVE
SFRU T ) —IVRGITONWTIE, ZFIIViREr O
X hT 574 — (GPC) IT&Xo T TEIMEM
L7 Y PO EE R ICEEGT 5 EE A 5N
LINBADEEBEIZDNTIE, Jeiz (+)-catechin 70 5
D2 BEBRRITDWTEHE L TV, 7 4 ENIM
BRI XD @m0 LG DERIT DN T BfFT %
o7z

ETNBIMA, RHDOHETH DKy, BAEN

MLy ) —I)VITFAGREIIDOVWTHAMEL
2. I5I, B OWTHEARY Tz /=)L &
DB Z R L 7.

ML B K

1. IR E L FLER Table 1 IZ;RT X
21T, ENO&EfIDEAL S 13 5 (Jo1-
J13), 1 > K% 3 7 % M (Bandung, Denpasar,

2D E W epicatechin, procyanidin

Table 1. Contents of Catechin and Total Flavans in Gambir
Samples

Total Ratio of catechin

Sample Catechin®” flavans»®  /total flavans
Number Country (g/9) (2/g) (C/F)
JO1  Japan? 0.39 0.58 0.67
JO2  Japan? 0.41 0.62 0.67
JO3  Japan? 0.26 0.41 0.64
J04  Japan® 0.34 0.54 0.63
JO5  Japan? 0.43 0.51 0.84
JO6  Japan? 0.36 0.45 0.80
JO7  Japan? 0.07 0.24 0.30
JO8  Japan? 0.28 0.42 0.66
JO9  Japan? 0.26 0.48 0.54
J10  Japan? 0.24 0.52 0.46
J11  Japan? 0.29 0.51 0.57
J12 Japan® 0.24 0.45 0.54
J13  Japan? 0.54 0.64 0.85
101 Indonesia®? 0.63 0.71 0.88
102 Indonesia®? 0.26 0.37 0.69
103 Indonesia®? 0.39 0.48 0.82
104 Indonesia? 0.66 0.72 0.92
105 Indonesia? 0.60 0.74 0.81
106 Indonesia? 0.76 0.79 0.96
107 Indonesia? 0.53 0.63 0.83
108 Indonesia®? 0.54 0.68 0.79
109 Indonesia®? 0.22 0.43 0.50
110 Indonesia®? 0.54 0.67 0.80
111  Indonesia® 0.35 0.59 0.59
112 Indonesia? 0.44 0.56 0.80
113 Indonesia? 0.46 0.64 0.73
114 Indonesia? 0.62 0.68 0.90
115 Indonesia? 0.75 0.79 0.94
SO01  Singapore 0.69 0.77 0.90
C01 China? 0.25 0.67 0.37
C02 China? 0.17 0.33 0.52
Average? 0.43 0.57 0.73
Quartile (25%)9 0.28 0.48 0.63
Median? 0.41 0.58 0.79
Quartile (75%)% 0.54 0.68 0.84

a) Purchased from five companies in Japan. ) Purchased or collected
from Bandung, Denpasar, Padang, Salisian, Pasaman, Siguntur,
Payakunbuh, or Singkep in Indonesia. ¢) Catechu samples were pur-
chased from Hainan and Yunnan in China. Catechu (pegu-asen’yaku in
Japanese) , derived from Acacia catechu (Leguminosae), has been used in
a manner similar to gambir products. d) Values were calculated based on
the results from 29 gambir samples. e) Average from three experiments.
/) Estimated based on the RP-HPLC method. g) Estimated based on the
vanillin-HCI method.

Padang, Salisian, Pasaman, Siguntur, Payakunbuh,
Singkep) THEA - INEL /=85 15 55 (101-115),
ROy 2 R=)Vifishi 1 & (S01) DEEH29 &

ZikkBlE Le. £z, PEPEOXRTFIE (Acacia
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catechu F3)92 £ (CO1, C02) IZDOWTHEDLH
THEETL 7z

2. NZ ) BRRAICK DT INDEEY
B R (I1mg) 12K (Iml) ZMATHEMNL S
BAIRL THZ#ERER (0.5ml) 27)LI{ETHE
HLERBEICAN, NZU DAY ) — VIR
(4%,3ml) KROBEEE (1.5m) ZMATELSE
W, 15 5rRfE U721, 500 nm THRYEHE & Ml L
7=. (+)-Catechin IZDOWTH [ DEEELITV,
INZY) -RER G TE Y E & % catechin #iR & & LT
AU ZEBHIOW T3 RIFE CEIEEBEDRL,
I fE Z R 2.

3. HPLC [CLZHEEBARRV2ERDOEE W
M AR D 50% MeOH 57Kk (1 mg/1ml) {TDWT
LUFIZRT & T HPLC 0T 2170, SEHED
pmicEOWTEAEEZEN L. &t 1o
., YMC-Pack ODS-A302 (4.6 mm X 150 mm,
YMC) ; #i#E, 1.0ml/min ; B i%E, 280nm ; 7
7Am§,mc:@%%ﬁ,QMM H;P0,-0.01 M
KH,PO,-MeOH (2 :2:1) (catechin ¥ H),
0.01M H;P0O,-0.01M KH,PO,-MeCN (9:9:2)
(epicatechin, procyanidin B1, procyanidin B3, &8
gambiriin Al OZpHTH) . HiHEHZTDWT 3 [0[[F U
BEZBURL, FHEERD . Catechin KT
epicatechin & Sigma #t SEA L= D, KU
IERTLSED S HEEL 7= bW 2 M E L THA L
7z,

4. GPC(Z&BARY T/ —)LEHOHH &
[l il 3B O N,N-dimethylformamide (DMF) (1 mg
/1ml) ERIZDOWT, U FORMAT GPC iz
frol=. WM& M 515 L, TSK-Gel Super
AW3000 (6.0 mm X150 mm, TOSOH) ; i, 0.5
ml/min ; BHJEE, 280nm ; 7T LIEE, 40°C ;
BRI, DMF-3M HCOONH, (199 : 1), %k
IZOWT 3 [al[F C#EZEDIRL, FEfEZERD 7.

HFEXY—NH—& LT (—)-epicatechin (MW
290.3) & ZDHEEIKTH % procyanidin B2 (MW
578.5), procyanidin C1 (MW 866.8), cinnamtannin
A2 MW 1155.0) 2L, B9 1R M, H
BEESTFEM, 2EH LW s 05 FEH
& UTHER U k&M, Bl 747 o B
LizbDZEMERLE " £/, 7INVEERKT
2EBEUEICHY T 2208 — 7 HIEICDNWT

catechin DY — V7V HBICE DT I TN EHEER
KO, NZU -HBEN S RO IR T INEE
BEEDKREITO 2.

5. Catechin ONENIB(C L D2 FENTHDE(
(+)-Catechin (10mg) 127K (10ml) Zmzx, *—
k7L —7 (120°C) TO0.5, 1,2 & 4 Bz z
fro7. £7, W& (+)-catechin (1g) % [FEkIC
ML, ZNENOHEWKZ AR &R U GPC & T
St EiTo 2.

6. kK5, BRABMHKS, TX¥XEDEE H
RIJFH DOEFERBRIEIITRIN TS HETER
1o 7.

7. BREORAE  MAEKEL 100 Ay aDT)L
1 %@ L 7z & B2 D W T Color Meter ZE2000
(NIPPON DENSHOKU) 2k D, L* a* b*d%
KD 7.

] R

1. B77N_EFEL Catechin EEE 5
|, EWNFES 13K, KOS 2 RRIT7EHTA
FU=BMEESE 18 &, FF 31 BKITDNT, NZY
CEMIETHBEREZTTY, R INCEHEE
k7= (Table 1). &HABHIBIT BRI INEEH
&1, catechin ¥ T 0.24 (J07)-0.79 g/ g (106,
115) ECEMEEWpMzERLE, INH5OHF T
#1 9 E|D 28 MifKDY 0.4-0.8 g/g DHIFDIEZ R L,
o3 fidINs XKW EZRLUZ., Ez, Bl
OGS R OHF (25-75%) 1T A 2K
0.48-0.68 g/g D%~ L 7=,

KIZFERKS TH 5 catechin IZDWT HPLC T
DEBZITOIFRE, ZHIZDOWVWTH 0.07(J07)-
0.76 g/g (106) L TOWRIAWHAMERL Tz, Ffl%E
B QUL RO (25-75%) 12 A D BRI
0.28-0.54 g/g DfEiZ R~ L /=,

MIINEHESE catechin B D ZFNEFN
IZDOWTO0.1g/gBORYIDTRLIEEZX NI T A
X Fig. lOLSITRINS. BRIITINCEHER
EARNITTALTHDE0.4-0.8g DREITIEATD T

DIZxt L, catechin ZHEICDWTHA D & HLERH
KE®TH D 0.2-0.3g/g DEFHICHEDHZL N 9 HD
B2 PH o 7. Catechin & H &M LAY & Wik B
W, N7 EIT KBS O B TR EDIRA
MPBNERRINDZENS, WE EFENZN
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Fig. 1. Distribution of the Contents of Catechin and Total
Flavans in Gambir and Related Products

Striped and gray bars in the histograms represent catechin and total
flavan contents (g/g), respectively. The symbols in the correlation graph for
the catechin and total flavan contents (g/g) indicate, open squares ([1) : pur-
chased in Japan, closed diamonds (4) : purchased or collected in Indonesia
and Singapore, and open triangles (A): catechu samples purchased from
China. The solid line in the correlation graph is the regression line (r=0.90) .
The dashed line in the correlation graph represents points where the ratio of
the catechin and total flavan contents is 1 : 1.

EEZoN, FAEDSEFMOEES LTI,
0.2g/g FEE D catechin A EZ FREET 52 &0
WY THDEEZLNS.

Figure 1 @ catechin ZHE LR T TN FHED
HBZ /RS 7 T 7 EOFEFIEME OB Z /R [E
ERTHD, 25 2DO05HEOMITITHENIED
FHEAAZE® 5N 7= (r=0.90). F/=Hi##1% catechin
BHEREERTIINCEEENELVWEERL, 0O
AR R D RICEEN S IE EME DHICKEIRENF D,
catechin ASA DN - EEBGEME 2 2 WEIG
TEDZEZRLTNS, SEIOOHFERICES &,
catechin H & A EDRE Tld catechin ZHFE LB 7
INCEREROEN1ELIZHD, 2Tl
catechin [KEZHEOREHNIR 7 TN EHEITHT
% catechin Z A B O E G O/NS WA N A 5 1
. GEIGHETSZREITIE, BT INCEEE
IZx% 9 % catechin ZZH&D L (C/F) 13FHT 0.7
BETH-o7 (Table1). %7z, catechin ZHEK
MR T7INEFEREDITHREWEZ R L 72
BHE, 1 RRIT RO HR—=IVTAF L
i (Fig. 1, @) 7% <, Ziuzxl, ENHE,

(Fig. 1, O) 13 catechin EHF &M IR T INEFH
BEMNMEVWD, XEIHEEOBLONL AN, &
7= HEE DRI BILEE (CO1, C02, Fig. 1, A) 1T\
TN B catechin ZHEMNEN > /2. FBT IN
CEERICHT B catechin EHEDE (C/F) 28
0.5 LT Oz~ L 72D J07, J10, 109, CO1 TH >
7z (Table 1). ZOHTI0IFVY=F TN DK
BEOFIFETHD, YZFIIX T UKol
WL PLE) Z2KEEBITMITNN TRV DD
ThdLEINTHBD, ZOHERBETERS D
catechin 88k, WAL, #HERELTNZY -1
REGEE B O REIG ML 2B 5N
5.

2. Catechin EBRERRV 2EHRDOEE X
IR EE 2 5 B U 7= %€ & 7] BE 7% catechin BEH O
HEAKD 2 B0 5 RS HEN&EWEED
KOWTISEBOp T Z2To /. TRDEHENR
@ epicatechin (2), 2 /KD procyanidin B1(3), pro-
cyanidin B3 (4) 3 X X gambiriin A1(5) (Fig. 2) I
DWTHMHHPLC LXK B ERETO> . T DR
B, SE¥fE & U T epicatechin 12 DWW T 15 mg/g,
procyanidin B1, procyanidin B3 kX gambiriin Al
IZDOWTIEZENZFN 10mg/g, Tmg/g, KU 9Img/g
DEARTH M, HEHCK > THRDDEND
S7z (Table 2). {LEW2-5 DEARNNTNHIK
<EBHEEINW J07 2FR< &, epicatechin I3 1.4—
46.3 mg/ g, procyanidin Bl {X 2.9-19.5 mg/ g, pro-
cyanidin B3 1% 1.3-12.4mg/g, & Of gambiriin Al
13 3.0-19.9 mg/g DfEZ/R L7z, JOTIZDWTIdEE
BOEDITRY X —DHMIZTRNL N NS,
BT X 2 SORET U 7zidBt S b 5.

SRERETOEUBRNEEROHE VR 7
J =I5y D5 B, (+)-epicatechin & Uf gambiriin
Al IZDWTIE (+)-catechin @ ELHEIT X D B
INDHIELEEROTNWD, D ZZTEMRID cate-
chin 3 & & catechin NS AL L TH Uz & AR
I N B KLy epicatechin & Uf gambiriin Al D& H &
ICHBE N & B ) & MiEt U 7z, Catechin 3 H & D &
WitEHIMO R Y 7 =/ —)VEF B S E WA REMEDS
HBHEBZENTZM, FLSH D catechin & epicate-
chin (Fig. 3 (A), r=0.03), catechin & gambiriin Al
(r=0.33) CORICIIMHENRD S NIhoTz. T
FUIZXF U, epicatechin 74 & & gambiriin Al F

v
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Fig. 2. Structures of (+)-Catechin (1), (+)-Epicatechin(2),
Procyanidin B1(3), Procyanidin B3 (4), and Gambiriin Al
)]

Compounds 1-5 were isolated from gambir, and 2 and 5 were also ob-
tained upon heating of an aqueous solution of catechin.”

Table 2. Contents of Epicatechin, Procyanidin Bl, Pro-
cyanidin B3, and Gambiriin Al in Gambir Samples

Epicatechine? Procyanidin Procyanidin Gambiriin

Number (mg/e) Blad B3ab Aled)

(mg/g) (mg/g) (mg/g)

JO1 41.9 16.8 11.2 15.5
JO4 11.3 6.4 6.0 4.9
JO6 10.1 7.3 4.5 6.7
JO7 0.0 0.0 0.0 0.0
JO9 31.6 12.0 9.1 13.4
J10 15.3 8.4 6.6 8.3
J12 13.4 5.5 6.9 5.6
J13 46.3 19.5 12.4 19.9
102 1.4 2.9 1.3 3.0
103 2.8 7.8 6.9 3.5
105 1.6 11.4 6.1 11.4
106 5.0 8.6 4.0 6.9
110 9.8 12.6 11.3 6.8
111 23.9 12.8 9.7 18.5
113 4.9 9.8 3.7 9.7
Average 14.6 9.5 6.6 8.9

a) Average from three experiments. b) Estimated based on the RP-
HPLC method.

EOMICIZEOHEEE (r=0.82) NFHHN/= (Fig.
3(B)). ZD#5HIL, epicatechin & X gambiriin Al
I3 catechin OB IC L > THEUL B Z L E L 0K

(B)

Gambiriin A1 content (mg/g)

0 10 20 30 40 50
Epicatechin content (mg/g)

Fig. 3. Correlation between the Contents of Polyphenolic
Constituents in Gambir Samples
The symbols in the graphs indicate, open squares (1) : purchased in
Japan; closed diamonds (@) : purchased or collected in Indonesia. (A) Cor-
relation of epicatechin (mg/g) and catechin (g/g) contents. (B) Correlation
of epicatechin and gambiriin A1 contents (mg/g) . The solid line in the graph
(B) is the regression line (r=0.82).

nERLTWEEEZ LN,

3. GPCIC&BRYT7z/—LEORXH &
SIZFIEFORY 7 = /) —IVER D OE S TR S
BORRBRERRT D720, GPCITXbi0H%E
7> 7=. GPC % TSK-gel Super AW3000 77 5 L %
FHWDMF ZEEHEE L THMdT 52 8IC&o T,
B OB BRI EDOUIZRD Z <R —
R E B DN AIEE TH o /2. 1V Z Dot
IZHBNT, BHEERI M) KO 2 &KL LD
(P) IZ2oWTZOX N TLDBRICTEDNTH
B L RHE 21T /2.

ZORE, #Fr7O NI LIHEBARERY v —
DOEHBELHE, RUX—OEAEZKRL, Z0
BRICKEBRENMED SNz, SRS T i
Bl TR O~ Y5 A 32 Fig. 41
/9. Table 1 1Z/R L 7= &Kk L catechin &F & &
D7 INEHEEEHITEROE 10713, BEK
DOUNNS LRI —DUEREOHENW /O N T A
#mr U7z (Fig. 4(A)). F7=, catechin 3 EKT
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Fig. 4. GPC Profiles of Extracts of the Gambir Products J07
(A), J04(B), and 106 (C)
M and P represent monomer and polymer (including oligomer) , respec-
tively.

BIINEREREEBICEVEE 061X, AU ~<—
DHBRNNSL, BEAENHEERDO 7O NI 5
LZERLUE (Fig. 4(0)). £EZOHBOEHEED
MBI IZ 70X N T ABHEDOHROBIRTH
-7~ (Fig. 4(B)).
NS00 NI AIHEDEZOH T RS
KOWTEEE TR M, EEVHSTEM, %
B U7z HeaRfrombsz2a0 TR LU ZEE
Hy¥&E M, M+P), HEVHHTEEZ M,(M
+P), 2EBARU LDy O 7O ST T AITE DL
¥ r&E M,(P), EEVESTE%E M, (P)
T/xRL, 51T M,(P) ITHED E catechin DR
X—E L TOVEHELE DP #HH L 7z (Table 3).
TORER, RU - O FHEGEIII NS T
BETHD I ENRINF. 7z, catechin B H &
DIRVEEHT, EEEHESTE M, M+P) NKE
WIERATEED 5 7= (Fig. 5(A)). Z OfE R
catechin » 5 R YU ¥ —R O MNAERL TWD Z & 2R

Table 3. Molecular Weight Data for Gambir Samples based
on GPC Profiles

M, M,

M, M
n w n w f)
(M+P)ad) M+P)ao  (P)ad (P) @ DP

Number

Jo1 3.8X102 7.4X102 9.8X10%2 1.5X10° 3.4
Jo4 4.8X10> 1.3X103 1.3X103 2.1X10° 4.4
JO6 5.1X102  1.4X103  1.4X10° 2.3X10° 4.7
Jo7 9.7X10> 3.1X103 2.0X10% 3.7X10° 6.8
JO9 4.2X10> 9.1X10> 1.0X103 1.6X10°> 3.6
J10 5.2X102  1.2X10° 1.2X10*> 1.9X10° 4.0
J12 5.8X102 1.7X10° 1.4X10° 2.4X10® 4.7
J13 3.9X102  7.6X102 9.7X102 1.5X10® 3.3
102 3.7X102  7.5X102 1.1X10® 1.7X10® 3.6
103 3.4X102  5.9X102 9.9X10*> 1.5X10° 3.4
105 3.5X102  7.1X102 1.1X10> 1.9X10® 3.8
106 3.2X10%2  5.3X102  1.1X10% 1.8X10® 3.7
110 3.6X102  7.5X102 1.1X10% 1.8X10> 3.7
I11 3.9X102  7.1X102 9.2X10> 1.4X10° 3.2
113 3.7X102  9.8X102 1.3X10® 2.7X10® 4.5

Average 4.5X102 1.1X10% 1.2X10> 2.0X10° 4.1

a) Average from three experiments. b) Number average molecular
weight calculated for monomers and polymers. ¢) Weight average molecu-
lar weight calculated for monomers and polymers. d) Number average
molecular weight calculated for polymers. e) Weight average molecular
weight calculated for polymers. ) The degree of polymerization, calculat-
ed from the M, (P), is expressed based on the molecular weight of cate-
chin.

BLTW5,

FZT& 512, catechin LIS D 7 5N VB oM e
TINIEHD2EGE [(F-C)/F] & GPC Df5H
NOBEMUEM, M+P) EOMBEEZBRFLEE
ZA, EOME (r=0.75) N@® 5N (Fig. 5
(B)). U7=4%> T catechin ISf DR 7 =/ —)b
REEELT2 B8R EORY =520,
catechin OIF/DITE> TRU T —EML, Z Dk
REM,(M+P) BN¥EMLEEZSNS. Ll
(F-C)/F & M, (P) DRI TIZFHFVHEE (r=0.53)
ZRITICEED (Fig. 5(C)), catechin DA 13 R
X —E80 D FROEKICIZEZE DS RN EK
DTH5.

I 512, GPC O #EMN 5 R D /= catechin 15 O
WIINCEREE, HONZY - HlBkEL 0K
WM T7INCEERZ70y ML, 2K
GPC ODHEMNHRO T INCEHEREDHNKE
Bz L, 28K (102, 103) %BRE 0.65-0.82 g/
g DB WHEIF I s 5/ (Fig. 6). Z
X, &0 FRRADNZY > - HEEE TIHE < BAE
HHNTNWEZEEZRLTWVWS, bbb, NI
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;s 2000 F Fig. 6. Correlation of Total Flavan Contents Based on the
Vanillin-HCI Method and GPC Analysis.
(000 The dashed line in the graph represents points with 1 : 1 ratios of flavan
contents estimated using the vanillin-HCI method or the area calculated by
) ) ) ) ) GPC analysis. The symbols in the graphs indicate, open squares (1) : pur-
0 chased in Japan, closed diamonds (@) : purchased and collected in Indone-
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Fig. 5. Correlations of Total Flavan and Catechin Contents
to Molecular Weight

M, (M+P)represents the weight average molecular weight calculated
for monomers and polymers. M, (P)indicates the weight average molecular
weight calculated for polymers. F and C are the total flavan and catechin
contents(g/g), respectively. The symbols in the graphs indicate, open
squares ((J) : purchased in Japan, closed diamonds (@) : purchased or col-
lected in Indonesia. (A) Correlation of catechin (g/g) contents and M,, (M +
P) values. The solid line in the graph (A) is the regression line (r=0.69) . (B)
Correlation of (F-C) /F and M, (M +P)values. The solid line in the graph
(B) is the regression line (r=0.75). (C) Correlation of (F-C) /F and M,, (P)
values. The solid line in the graph (C) is the regression line (r=0.53).

SRR XA FADOREEL, ARELOEE
EOEGEIKETSZEEZALNDD, ZOHE
i, RUY—DHEADBETDTEO ARICHT 54
BN~k THhDZ LzEmifeE LERMETHD, Z
DRICHEEND D EZEZ5NS. Lieh> T ED
L9512, GPC O/ O NI AZHEDNTHE SN
LEDTRSICET S EHENZ Y O -HERES
HPLC N5 G 6 NS EHMEGOE TRFETLH I &
Lo T, FIEDORY 7 ) —)VEksr 2RO F
MAJEETH B EZEZ BN,

4. Catechin O MNEAMNE(C L DL K£OD

FE ks @ (+)-catechin 2> 5 JHZLALEE D G52 T 24E KL
T HHHEEEND D ENG, (+)-catechin D L
Ko TEBIZES TR DERT 50 ED, £
LR DIE R T K > THEisr TRk G D ARSI
TEHMIIONWT, MEtEmAL. Iabb, BED
Bz 2 25D (+)-catechin /KiE#K (10 mg/10 ml,
l1g/10ml) ITDWT, 0.5, 1,2 KO 44— b
7 L —T %, GPC iz {To 7. ZDORER,
IERsfE & &b, Aoy srE M, (M+P),
M,(P) OWTNHHIMTHEMMNED 5N
(Table 4, Fig. 7). FZEWERK (10mg/10ml) O
L&, ARMRBRICHEEZFLRSTFEOHEMMNED 5N
7o, EBEROPMISEF R I, BIEMRESOLE
BEATBRELORIEMDEI > TS EELZLN
LM, ZOEIBF—FIL—TMBAOEMAETITH
WTbInosRUY—FHI2EFRBEEHEE (+)-
catechin D NELEIZ X D AERT S 2 &, RO
R DIERIC K > TEDH FEMNEMT % 2 EAVR
SN,

5. RORUTHFRE  RAIKBNTIE, Bl
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Table 4. Change in Molecular Weight upon Heating of Aque-
ous Solutions of Catechin

M, M, M, M,

Concentration h (M+P)ad) (M+P)ad (P)ad  (P)ao

0.0 3.0X10> 3.2X10> 6.4X10%> 6.4X10?
0.5 3.3X10> 3.9X10> 7.4X10%* 8.7X10?
1g/10ml 1.0 3.4X10> 4.4X10> 7.6X10%> 9.5X10?
2.0 3.7X10> 5.2X10> 7.9X10* 1.0X10?
4.0 4.0X102 6.0X10> 8.3X10%> 1.1X103

0.0 3.0X10> 3.2X10> 6.4X10%* 6.4X10?
0.5 3.3X10> 4.4X10> 9.9X10* 1.4X10?
10mg/10ml 1.0 3.4X102 5.6X10> 1.1X10° 1.7X10
2.0 3.7X10> 7.1X10> 1.2X10* 1.9X10?
4.0 4.5X102 1.4X10> 1.5X10° 2.9X103

a) Average from three experiments. b) Number average molecular
weight calculated for monomers and polymers. ¢) Weight average molecu-
lar weight calculated for monomers and polymers. d) Number average
molecular weight calculated for polymers. e) Weight average molecular
weight calculated for polymers.
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Fig. 7. Changes in Molecular Weight upon Heating of Aque-
ous Solutions of Catechin

M, (M+P)represents the weight average molecular weight calculated
for monomers and polymers. M,, (P) is the weight average molecular weight
calculated for polymers. The symbols in the graphs indicate, closed circles
(@) : concentration of 10 mg/10 ml, open circles (O) : concentration of 1 g/
10 ml. (A) Correlation of heating time (h) and M,,(M+P) values. (B) Cor-
relation of heating time (h) and M, (P) values.

HIZDWT, K73 6.0% LA, BEAREMHEIKS 1.5%
I, fiZ¥ /) —I)VITFAZET0.0%LL ETHS
ZEMBEINTNDS. Y ZZTAMETHAL =
Bl 3R F B D 5 B Table 5 12/RT 11 RIKICDNWT

Table 5. Ash Contents, Acid Insoluble Ash Contents, and
Amounts of 50% Aqueous Ethanol Extracts Based on
Methods according to the Japanese Pharmacopoeia (JP)%

Number Ash(%) Acid insoluble ash(%) Extract(%)

Jo2 4.2 0.2 93.9
Jo3 4.9 0.1 91.1
Jo4 3.8 0.2 93.7
JO9 3.8 0.2 94.0
101 2.4 0.2 88.8
102 13.59 6.69 48.79
103 33.1» 19.99 54.29
104 3.2 0.3 89.8
105 3.0 0.2 91.3
Co012 4.2 0.2 90.8
C022 3.0 0.0 70.4

a) Catechu samples. b) Above the upper limit (6.0%) of the regulation
in the JP. ¢) Above the upper limit (1.5%) of the regulation in the JP.
d) Below the lower limit (70.0%) of the regulation in the JP.

FHTHEIN TV AHBRIE > TING 3H
HOEEZTWL, EORENFHAHICHEEGL TWDHD
mEkRE L.

ZOFER, OMIKICDONWTIZIZ D 3HEH OERE
R OBEICES LA, 2 Bk (102, 103) 13,
BWIKG R OBABIER 2R, TFAEEED
K<, ZINSVNTHNOEIZOVTHRHDOHEENS
WBINZEREB 72 FIERIIZZ DT 25T
ZENHBENVOLNTHD, D02 HREIELA -
BT DORAICED ZTFAGEMEL 72> TS AHE
HAURB I N, ZO3HEAMNHENTHD, RT
B2 R < RA AT 2 EHE, 22Ky
2-5%, BEARIEMEIR Sy 0.1-0.3%, T+ X & 89-94%
OHIEDEZRL 2.

6. PFHLEDEHA  AFKOBEFHT, EHEOWME
D OHFRTEERBEDODEINTHBD, ZNET
2, mERHERIHL TAS, K, #KF, V%
BB HHAESERD OHBEIZ DWW T —HOW%E
ATHONTNS, 1 [IEERG D55, AIdHS
WIRBEEDHDMNSIZEANERITENS DX THAL
THD. TIT, LY o, b*EARICIDIMERDE
HEDOREZITOZ. L*NRKREVWFEHSL, o
WA RIASR, — AR, BNIE A+ MIAE, — M
ERL, #NENMHENREVIZEANBENT &
ERTEINTNS, W —RIT catechin (LI
Lo TBEaEET ST ENS, MARMOEMYE
ST RS DI, B O RN ZE T % A]
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RN D EEA, R 7/ -V EehEEE M
& DHEIIZ DN T HRET L /= (Table 6, Fig. 8).

T ORER, SEMEIE L 17T REKIE0wTnd, o,
V*OfEF+Z2:R LU=, ENTSESE (Fig. 8, 0) 1
B WEFHZRL, HMIZT > RERS T TAFL
-kl (Fig. 8, @) 1%, EINHIHMHITHHS
W<, X/, HEREDOXRTFLE (Fig 8, A)
&, SESH LBt oR TIdRWER 2R U7z,

RIZRY 7 =/ =)V e A& A & OREBIIC
DWNWTHDE, catechin ZHEEKRIINZD > -HHHE
EMERERICE DRI INCEHEEL LY, o, b*
DEDORIZIL, WARSHEREIIED s ah-o . —
J, catechin ZHBERTINZHEDH (C/F)
E LY a* b*OfiE 70y hLizEZ A, LKT
V*OfE&E DBICTWHBENRY sz (LY r=
0.58 ; b*, r=0.62). ¥ 7 /N> H D catechin &FH
HOLMENWEE, T/4DB5, catechin ZH &N
<RI —FHENEWV & S ITHE O @RI R
<, BHOERNENEZRL . T80 b5, NEW:
] DG NN 51 43 F Rk 53 DA AEW, BTILEE D 3R
DIE W H N L L TV A EA DD 5 17z,

Table 6. Estimation of the Color of Gambir Product Pow-
ders by the L*, a*, and b* Values

Number L* a*o b*d
JO2 52.7 7.1 18.0
JO3 33.0 10.4 12.0
Jo4 45.0 8.7 14.2
JOS 41.4 11.2 15.2
JO6 36.2 10.3 12.5
JO7 32.5 11.5 12.1
JO8 34.2 10.6 12.4
JO9 51.3 9.9 18.5
101 52.4 12.7 20.7
102 60.3 7.8 19.9
103 70.1 5.7 20.6
104 42.7 10.1 19.9
105 45.0 6.6 17.0
106 64.8 8.2 19.9
109 45.5 12.4 19.0

C019 20.5 7.2 6.1
C029 29.0 10.0 11.4

a) Catechu samples. b)) L* indicates the hue from dark to light using
numerical values from 0 to 100. ¢) +a* indicates a red hue. d) +b* indi-
cates a yellow hue.

] A

BT AILSE D S B A 575 & BIME DRESL D 7= 912, 31
FAEHZDWT, NZU - IRRIEICEK DT TN
DEHBEDERKY HPLC IZ K % catechin & H &
DEBRZEITOIZ. TOFRER, catechin ZHEE/NZ
U -HBIEIC LD T IN D OEHRITIZIEDH
BN 5317z, F 7z catechin DEZFHEIZDWNT
(X 7-76% QHEFHIZ AN A SN2, FlEkRE L
fERMNE A D E, BAEATF ] RE7R Bl 25k O
catechin ZH BEDHEHEL L T20%HEEE FRET
NIENWZ &ITs, Fiz, IO &L TH
Bt U /= catechin B33 O B & {K epicatechin KT 2 &
{&¥A procyanidin B1, procyanidin B3, gambiriin A1
WOWTEREZT2REEZA, TNETNFEEHTH I
BIEEDOFENBD NN, TN 0EHENMK
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Fig. 8. Correlation between Polyphenolic Contents and
Color Values in the L*, a*, b* System

F and C are the total flavan and catechin contents (g/g), respectively.
The symbols in the graphs indicate, open squares ([J) : purchased in Japan,
closed diamonds (@) : purchased and collected in Indonesia, open triangles
(A): catechu samples purchased from China. (A) Correlation of L* and C/
F values. The solid line in the graph (A) is the regression line (r=0.58). (B)
Correlation of the ¢* and C/F values. (C) Correlation of the b* and C/F
values. The solid line in the graph (C) is the regression line (r=0.62).
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<, &<HmHInznmEK J07) bHoiz.

¥£72, GPCIZKX O TESHOGWZEIT>I &
Z %, catechin A DK WHEHNE, 4 TESAMN
mWEA ZFED 2. £z, GPC OFER & o gy
5, NZU > -EBETIIE D TR &6 B <
RS 5N TWAEANA SN, RSO HE &3
fidBHEIC, 7O T I LOBRBED, &EHT
R AERBMLETH D LRIz
SRR MBI O TRENEENS &
Mo, ERIO (+)-catechin D NELFEER 217> 72
LA, 2EEKREGD®ES TR DIIMEUT NN
95T ENRSIN.

—F, REDOHBETH D, Ky, BAREMEKS,
IFABHERDDE, KFITDNTIE, FEIGHL
7Bt O TR ORE N S I3 T N BIRIE T F X
DR, TOXDBHKSMEER L SR
bbb, i, PHIEEOMR (B2 3 LHAK) &
catechin ZH B K UNZY > -HBEEME S H &
DL & ORITIZFT WD 5 /-,

PED XSz, PO EH R ICET 2 ME
fliizix, NZU -HBRIRICK DRI INCEEHRE
DE &K HPLC 12X % catechin H BDER &
EHIT, GPC HhzfA bR ZFEMMNAEHNTH
LT EDNHSMNETRD T
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