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Chemical Standardization of Poria cocos

Lam Hoang, Soon-Ho Kwon, Kyung-Ah Kim', Jong-Moon Hur,
Young-Hwa Kang, and Kyung-Sik Song*

School of Applied Biosciences, and ]Departmenl of Natural Fiber, College of Agriculture and Life Sciences,
Kyungpook National University, Deagu 702-701, Korea

Abstract — For the purpose of the quality control of Poria cocos, three major compounds were isolated and identified as
pachymic acid (1), 3B-hydroxylanosta-7,9(11),24-trien-21-oic acid (2), and dehydroeburicoic acid (3). The optimal extrac-
tion conditions for the quantification of pachymic acid and its analogues were the 3 hours of reflux with 15 g of P. cocos
in 100 ml 95% ethanol. HPLC conditions were as follows: Column; ZORBAX Eclipse XDB C18 (4.6 x 250 mm, Agillent),
mobile phase; 1% HOAc in 70% MeOH—1% HOAc in 100% MeOH for 25 min, then 1% HOAc¢ in 100% MeOH for 15
min, detector; ELSD, flow rate; 1 ml/min. The mean contents of 1, 2, and 3 in Poria cocos cultivated at 18 different site
were 0.65+0.19, 0.88 £0.72, and 0.84 + 0.54 mg/g, respectively, and these values might be the guide line for the quality

control of P cocos.

Key words - Poria cocos, pachymic acid, 3f-hydroxylanosta-7,9(11),24-trien-21-oic acid, dehydroeburicoic acid,

standardization, quantification
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ol&3le] PHE base lineS &7] ofed$H, <14F 59 buffer
ARgEoF sk A 5] o] itk wekA o)et
2 | AolA A uf, BEe] £ BFSE A% 7|22k
E AF3] 75 29Ut g AR Az, B AT
qME Belof ARED T8, NEEH] Ay L 2
9] 1859 B F A HEA 9 e FARS digh
ko] 7| W AU vk E 4= e EE BEs W

e AN 33

o M

¢

RaL, B2 AEY e HAEsetdd Bastar i
H- 2 “C-NMR< Bruker Avance Digital 400 Spectro-
meter(Karlsruhe, Germany)® 4007} 100 MHzo| A 24z} &
% 3FAth. Chemical shifte TMSE EFEEZE 3lod §
(ppm)E YERHA 21 TH HPLCE JascoAF2] PU2080 pump,
AS2055 autosampler, MD2010¢] PDA (photodiode array) 2}
Alltech 2000 ELSD (evaporative light scattering detector)=
T3tk TLC= precoated silica gel plate(Kieselgel
60F,5,, Merck, NJ, USA)S- ©]-8-3151.2H, silica gel column
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chromatography© Kieselgel 60 (Art. 7734, 70-230 mesh,
Merck, NJ, USAYS AH8-3latt.

23 & XEEFe| F&, 28| - 5¥2 U=zl 2
Ha= 3.8keoll thdked 719 dichloromethane® & 33| -
3 T X E o] 85k LFES A S AAE 2

Fe&sle] 225 16.0g2 AUk FFE 160 g0l thst
o silicagel column chromatography (Merck Art. 7734,
5.5 x 60 cm, CH,C1,-MeOH =100 : 1~0 : 100)3}>] PC 1+
Bl 71X sle] 2SI, il Agrke
pachymic acid T-22 22| major spott A5k 3I3HE
£ 83R= PC 3 (643 gpll sl 27} silica gel chromato-
graphy (Merck Art. 7734, 4 x 50 cm, CH,CL,-MeOH = 100
:1~1:1)3t] PC 3-1-3-89] 8719] ¥3E& AUt ol&&
TLCS} HPLCE #01élo] 15 5 pachymic acid® A87}s]
o] = peak’} VEFE PC 3-3 (2.34 g)oll thated 33} silica
gel chromatography (Merck Art. 7729, 4 x 55 em, CH,Cl,-
MeOH =200 : 1~1: 1)5 A3} PC 3-3-1~3-3-4¢] 471¢]
H3S A3, PC 3-3-2 200.0 mgoll t&ted semi-prep.
HPLC (Alltech, Apollo 10 x 250 mm, 100% MeCN)E ©|
83l compound 1 (12.7 mg)S AT} PC 3-3-3 580.0
meell thaledE PC 3-3-29} 543 WO 2 HPLCE st
o] compound 2 (8.0mg) 2 3 44mg)] F 7HA S{HE
S R399} (Scheme).

=

Dried Poria cocos (3.8 Kg)

Refluxed in CH.Cl,
Evaporation in vacua

Extraction (16.0 g)

Silica gel 7734 C.C. (5.5%x60 cm)
CHCl:MeOH(100:1-1:1)

| |

PC1 PC2 PC3 (643 g) PC4 PC5
Silica gel 7734 C.C. (4x50 cm)
CHClzMeOH(200:1-1:1)
PC 31 PC3-2 PC3-3 PC 34 PC3-5 PC3-6 PC37 PC338
(234 g)
Silica gel 7729 C.C. (4x55 cm)
CHxClzxMeOH(200:1-1:1)
i
| | | |
PC 3-3-1 PC 3-3-2 PC 3-3-3 PC 3-3-4

Semi-prep. Apollo (10x250 mm)
Isocratic Acetonitril 100%

Semi-prep. Apollo (10x250 mm)
Isocratic Acetonitril 100%

Compound1 Compound2 Compound 3

(12.7 mg)

(8.0 mg) (4.4 mg)

Scheme. Isolation procedure of pachymic acid and its analogues from the dichloromethane extract of Poria cocos. C.C; column

chromatography.



Vol. 36, No. 3, 2005

HPLCOI| of3t X|ZEde| Hat
1. 74e89] ZA)
S BEOI5E, T 0%, At 158 st 7
7b 15 g% EOH 100 ml2 347 §597F 323 5 o3
o] 1mig Fslo] Aoz AMg-al9T)

2, BAg 71—349} 2

~

el AF/dEE Symmery C18 (4.6 x 150 cm, Waters),
Chromolith Performance C18e (4.6 x 100 cm, Merck) 2
ZORBAX Eclipse XDB C18 (4.6 x 250 mm, Agillent) ©]
& 3%2] HPLC columng ©]4-3lo] 22|52 v w245}
Art.

3.4 el 9] ZkA]

gAE 3 F2 AZYES ELSDOIA 2] peak WA (Y)
b sk F (el dREAE o) g-stol Auae
A stdvh A2l 3% compound 12 Y=460684X
(ng)-146223 (r2=0.995), compound 2+ Y=386465X(pg)-
23583 (r*=0.995)%12.1, compound 3-& Y=51359X(ug)-
165299 ('=0.996)0.2 H|$- k53 Z)MAake] AAAAS 1}
B SiTh ojwf o] HPLC 27 & th-& 3 2t} Column:
ZORBAX Eclipse XDB C18 (4.6 x 250 mm, Agilent),
Mobile phase : 1% HOAc in 70% MeOH—1% HOAc¢ in
100% MeOH for 25 min, 1% HOAc in 100% MeOH for
15 min, Detector: ELSD, flow rate 1 ml/min.

4, AFAGE ] Ak

AAE) AEAR e 2AD A9 | miE 10 WS
39 HPLC 412 3314 ste] W Harghe o
AR WA ol gsle] 3% Bl e T

XNESEL| AH F&EXAH - 4 F280E2 A4
fate] HE 15 82 500 ml Tk Ao] 2 MeOH,
95% EtOH, CH,Cl,, acetoned 72} 100 ml¥ 71&ked 34
7 BREEY T oJHSL ojolg Zhte) FEguje A
7Fste] 100 mI2 BRIt o] & 1 miE FHslo] 3% l@‘rﬁ‘
%91 FFE HPLCE ©l 83t vuE-Asigic). 714 &

FE2a24E UeRH 95% EIOHES o8-8l 1~5A17J77}Z1 —Z’r

—_

EAZl whE gdE Blaslsion] A7 L4/8ae) v
2As7] 91ste] 15 g9 B thste] 50~150 ml] 95%
g ol8ste] A7l whel sl 2 aHE vlusiic)

EEc?oﬂ)\‘l 228 F2 stetgel 88 - 2% dichloro-
FEEE 8589 =08 delsle] 59 silica gel

column chromatography s ¥Hgate] A& PC 3-3-2 #8of
thsted semi-prep. HPLCE ©]-8-8F% compound 12 €%
o} (PDA B ELSD 3} 5= 99% ©4}). Compound 12] 'H
NMR spectrum #2343} §0.92 (s5), 0.93 (s), 0.97 (s), 0.99

methane
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(d, J=7.0 Hz), 1.00 (d, /=7.0 Hz), 1.12 (5), 1.48 ()9 4] &
77041 methyl protonEe] WARIN S, §2.05 (sPIM acetyl
group?] methyl”|2 4= )2 = signale] =50 lano-
stane 49| triterpene F1=A A Z o7 dAtE Tt wat
5 4.85 (brs)°t 4.98 (d, J~1.0 Hz)*lIA] exomethylene F-2}<]
olefin signal®] %00, §4.67 (1H, dd, /~12.0, 4.0
Hz)oll 4] oxygenated methine signal®] #ZH Ao 7 v]F
o o] 8}9+E-2 pachymic acid, T2 7§54 Aoz 3
“Eith PC NMROME & 33709] signal o] Velto
™ 81344 ¥ 1350, 2|32 156.1 2 107.0014 || 7] <]
sp” carbon®], §178.6% 170.5914 = 7H] carbony! carbon
°[, §80.6°141 oxymethine carbon resonance7} 2<1%$T}.
W3 DEPT spectrumoﬂ/\i Z8702] methyl, 10712} methy-
lene, 6702] methine 2 97} 2] quarternary carbon®| 2]

it} oAk A=z m|Fo] compound 12 &3 o] t) £
3H3HE2] pachymic acid® FE o, HeHo g 7)1
T 2312 Veke] vl ojale] AT} (Fig. 1, Table
12 ).

Compound 2= PDA 2 ELSD A} 2% 99% opdo s o
ol 2 'H NMR spectrum®l| 4] § 1.67 (s), 1.62 (s), 1.22
(s), 1.13 (s), 1.07 (Me x2), 1.00 (sPlX 771<] singlet methyl
protonE°] ¥ 0] lanostane &7 5 2490 o|FAFS
7EA™ 259191 5 702l methyl groupe] AFE ZAL 7}
W A0Z o g 4 AT TFF §5.30-5.60 Afo]ollx] E
3Hel #3d38k= olefinic proton E°] WAE 0™, §3.45

P
=
i

Ac R2=OH R3=H

2 Ri=H R=H Ri=H

3R =H Ro=H R;==CH;

C-24 and C-25 of compound 3 is saturated.
Fig. 1. Chemical structure of standard compounds isolated from
Poria cocos (1; pacymic acid, 2; 3B-hydroxylanosta-7,9(11),24-
trien-21-oi¢c acid, 3; dehydroeburicoic acid).
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Table I. '"H NMR data* of compounds 1, 2, and 3 isolated
from P. cocos

No. 1 2 3
Lo 1.12, td,

(13.0, 4.0

1.57, dt,

1B (13.0, 3.0)
200 ¢ 1.60, m

1.71, ddd,
2B (140, 120, 3.0)
4.67, dd,
3 (120, 40) 345 bt (80) 3.46, brt, (8.0)
5 1.16, dd,
(10.0, 2.0)
60 1.65, m
6B 1.50, m
7 ca 2.1 5.61, brd, (5.0) 5.61, brd, (5.0)
ca 2.1
11 ca 1.9 537, brd, (6.0) 5.38, brd, (6.0)
cal9
220, dt,
12e (130, 9.0)
126 ca 2.0
150 1.70, d, (13.0)
238, dd,
BB (150, 80)
452, dd,
16 (8.0, 6.0)
2.80, dd,
17 (11.0, 6.0)
18 112, s 1.00, s 1.02, s
19 097, s 1.07, s 1.08, s

20 293t 11, 3.0) 2.67, td, (11.3) 2.67, td, (11.3)
2 2.66, m

ca 2.5

23 ca 2.4
2.54, brt, (12.0)

24 533, tt, (7.1)
25 229, m 229, m
26 0.99** d, (7.0) 1.67, s 1.03, d, (7.0)
27 1.00**, d, (7.0) 1.62, s 1.04, d, (7.0)
28 0.92, s 122, s 1.23, s
29 093, s 1.13, s 1.14, s
30 1.48, s 1.09, s
31 498, d, (1.0) 4.90, brs

4.85, s 4.95, brs
Ac 2.05, s

*Chemical shifts in 8 ppm, multiplicity, (/ in Hz).
**Assignment can be changed. Measured in pyridine-d; with
400 MHz NMR.

Kor. J. Pharmacogn.

(brt, J=8.0 Hz)°ll 4] oxymethine proton°®] &A%+ &
pachymic acid®} FAFeF G- HER) 21 3-O-acetyl
groupd] SAI= ERIEIR] Z9hrt. BC NMRIAM = acetyl &
219 methyl peale= HETR] 23kom, § 1785004 carbonyl
carbon®], 146.6, 142.8, 131.7, 124.8, 1212 & 116,614 &
6719} olefinic carbono] HEH o] 37§¢] ojFA o] AL
Aoz Attt T3k §78.0004] 3 71 ] oxymethine
carbon®] 7Z5]o] compound 2= pachymic acid®] deacety-

==

lated form?l tumulosic acid &4 % & 7§<] hydroxyl

Table II. °C NMR data of compounds isolated from P. cocos

No. 1 2 3
1 354 36.4 36.4
2 24.5 28.7 28.7
3 80.6 78.0 78.0
4 38.0 39.3 39.3
5 50.7 49.8 49.8
6 18.4 235 23.6
7 26.8 1212 121.3
8 134.4 142.8 142.8
9 135.0 146.6 146.6
10 37.2 37.8 379
11 20.9 116.6 116.6
12 29.7 36.0 36.0
13 453 443 443
14 48.8 50.5 50.5
15 43.6 31.6 31.6
16 76.6 27.3 27.3
17 57.3 48.1 48.1
18 17.8 16.3 16.3
19 19.2 23.0 23.0
20 48.6 489 49.1
21 178.6 178.5 178.4
22 31.6 333 31.8
23 332 26.7 32.8
24 156.1 124.8 155.8
25 34.1 131.7 342
26 *22.0 25.8 22.0*
27 *21.9 17.7 21.9%
28 28.0 28.8 28.8
29 16.8 16.6 16.6
30 25.4 25.9 259
31 107.0 107.0
CH,CO 21.1
CH,CO 170.5

*Assignment can be changed. Measured in pyridine-d; with
100 MHz NMR.
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groupRFo] =481 3B-hydroxylanosta-7,9(11),24-trien-21-
oic acid?l AL ®E FHEJon HEZ 02 NMR datas
281299} v wsle] B4 5HATHFig. 1, Table I 2 IN).

Compound 3 4] PDA % ELSD “golA]l 25 99% o]
A VR o 'H NMROIM = pachymic acid$} wFEH7}
A2 5719} singlet methyl proton 2 5 7§} doublet methyl
proton=°] WAE ] lanostane 4 F 24/31 ol 254
& 7 25700 % 7)e] methyl groupe] AgE Z4& 7}
A 7oz I &gk pachymic acid F-541€] terminal
methylene groupollA A& Ao & WHEE olefinic singlet
proton®] § 4.90 (brs)T 4.95 (brs)el A AZE .o H-73}
H-11¢] olefinic proton®| §5.38 (brd, J=6.0 Hz)3} 5.61
(brd, J=5.0 Hz)ol A W74 = 151 oxymethine proton©] §
3.46 (brt, J=8.0 HzPlIA WFeRd= %5 pachymic acid®} 4}
g Fde YERIRIO Y 3-0-acetyl group?] Sl By
A ekodrh. o} de] Axtw wlo] compound 32 lanostane
Aol sigtER Bl F2l% vl 9Ji= dehydroeburicoic
acid® &E % or #34Y 'H NMR 2 ”C NMR data
£ 23t A dehydroeburicoic acid®) A 2Fs] L x]s}53
(Fig. 1, Table 1 2 II).

HPLCO| 2lst 53 & XES8 MEY &8 - #4148
cloumn®] XA 9jsf M2 o}E F72) HPLC columnSl
Symmery C18 (4.6 x 150 mm, Waters), Chromolith
Performance Cl18e (4.6 x 100 mm, Merck) % ZORBAX
Eclipse XDB C18 (4.6 x 250 mm, Agilent) columns o]
& 2 Azl B9 (gx4h) S pachymic acid B 0159 &

B

3.0E+05;

o t
20E+08 ¢

181

ZA| 2 AR S5Ee] B85 ZORBAX Eclipse
XDB C1894 7Hd EA] Yepton g (Fig. 2) o]$-2] &
He o] columnE ©)-g3led B4}, =3k HPLC detector
o] MAL ¢18] pachymic acid rich fractionl] T3l PDA
2 ELSDo|| 93t A&& Al=g 243 UV 235mm % 254
nmoll A ksl A&, A oE ELSDET 7%=
7} we Ao w Vel B3 5 pachymic acid 2 ©]£9]
EEA|9] ¥4ofl= ELSD7|F A3t 1o & ddslint (Fig.
3).

ool AxE nigo R B8 Z 3T AR E4S
98k 3 HPLC 2% ettt &, Column: ZORBAX
Eclipse XDB C18 (4.6 x 250 mm, Agilent), Mobile phase
: 1% HOAc in 70% MeOH—1% HOAc in 100% MeOH
for 25 min, 1% HOAc in 100% MeOH for 15 min,
Detector: ELSD, Flow rate : | ml/min$} 2t}

=Y 5 NESY BYS AN AN FuY H -

B 2 3o AREZY F2 7P A3 2vjE s}
7] 918k 15 g2l E=ell ZH2} 100 ml2] methanol (MeOH),
95% ethanol (EtOH), CH,Cl,, acetones 7}l F2894&
soleh Ast, BOHS o2 AHEAS W) ok ool 1)
slo] 20%01732] L pachymic acid FE845 LERNSL
t}. Compound 2 & 3ol thstd e &uje] FF{o) @& 3
2895 FES 23}, 9A] BOHelA 7HE £ &85
= YERAAT} (Fig. 4).
7] #2409 95% EOH 100 miE o8 3

o thste} AlZHE=E G SAZMIA O] FEEHE HlWEA

o

ZORBAX Eclipse XDB

£
Ll | ; C18 (4.6X250 mm)
10E+05 \ ! : ;] Agillent Co.
| W e
00E+00 " 6,00 Fo60 3000 4060 50.00 ]
306405 |
| \
. |
FO0EA05 i& | Symmetry C18
1.0E+05 ‘ ‘T ”l (4.6X150 mm) Waters Co.
i e e N S
L T A Y 1 36,00 40.00 50.00 [min]
v i
T ;5 p
I - ) Chromolith Performance C18e
A H | I
s omran ] | [N (4.6X100 mm) Merck Co.

2.08 »00!

£ 5.0 .06

REA-T FERCTR

Fig. 2. HPLC profile of Poria cocos extracts according to the stationary phase.
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v
4.0E+08|
3.0E+05)
2 OE+05| ‘ ’ ELSD
i 1 f!x
1.0E+05 ; ‘] fi
| I
: ;d r I ~N /‘! !\
0.0E+00) N nn& Vo N / e
’ Al 1000 36,66 36.00 46.00 B6760 frmin]
4.0E+05/ .
DS S
i kY
3.0E+05 ﬁ WI/ \
] \
W
# Y
2 0E+05/ 4,/*’»/ 3
s \\ Uva235
7 \
1.0E+05] A
. =
,,,,, h \
0.0E+00! e o
AU 70,60 36,60 3066 40,66 50,00 fiin]
i
4.0E+05]
3.0E+08]
2.0E+05]
H
1.0E+05, ﬁ ;L k Uvas4
,f\ e /‘M‘J;ﬁwﬁ U L ¥ N N —— S
YT
7660 36,60 30760

T-Sep-2004 3:34:12 HOANG LAM. Page N?1/1

Fig. 3. HPLC profile of Poria cocos extracts according to detection conditions.

120 - 110 -
100 109
& 0 & 90
= €
3 3
g E 80 -
£ 60+ s
2 2
R G 70 -
T 40 - x
I
60 -
20 4
50 : r r . : .
0 0 1 2 3 4 5 6

MeOH EtOH Dichloromethane  Acetone Time {hr.)
Fig. 4. Extraction efficiency of various solvents on compounds . . .

1 g2 and 3 Y P Fig. 5. Extraction efficiency on compounds 1, 2, and 3
E 9 .

according to extraction time.

W; compound 1, @®; compound 1, O; compound 2, ¥; compound 3.

i, compound 2, #; compound 3.

o A3, Aol Sl 1, 2 B 3S BF 1 ol FEo
A = ZoR ERlHSeH (Fig 5), 3MZ FEH 3
Al tisl] AFEE Al=st A3 pachymic acid 3 =1

—

TZAEe] A 2AAM HE HA %%Qifﬂ 3A1ZE o
o 3%¢] IFPEL 79 AF F25e AR Isint
+ (data HIAIAD).

i
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o - &2 HAHME-S A4 A5t 1509 BE
o 50 ml, 100 ml, 150 ml®] 95% EtOHS 7}&t Ut} Ab7)
o] Aol wet 3A7 FFFE § FEHE pachymic acid
o] e wlask A3, gule] el ojgk & Wsle I
o1, 15 g9 E&f 100 ml, B+ 150 mle] EtOHE ©]-&-
alo] FEet 97} ik 22 A7E Vet Compound
2 % 39 A9 150 mie] EtOHE o)-&3151S wf /b &
Z 837}t F9kou, pachymic acid7F £ 2] t)3E4<) A%
dolehe 4 9 FEae] Ao|7F 2tk AA] ¢hol 100
mlE 2 Gujeko s AAsiar o] 27 ue} o] Fe] 4
A= FASIAT (Fig. 6). 471 HHZN A At dist
of A AZnpE WL Fig, 73 70 o] o compound
1, 2, 3¢] 42 717} 22.29, 2537 2 28.36 mine| Tk A

Relative amount (%)

50 mi 100 mi

150 mi
Volume of solvent (mi)

Fig. 6. Extraction efficiency on compounds 1, 2, and 3

according to the solvent volume.

M; compound 1,

compound 2, &; compound 3.

uv
1.4E+05]

1,2E+os§
1.0E+05]
8.0E+04i
6.0E+04]
4.0E+04

2 DE+04|

0.0E+00!

|
R jq u§ ﬁ@)% % i 3} 1
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tz 19.20 min®] peaks= LC-UVE| pattern® = w|Fo0]
pachymic acid®] &A= thE 24 9] e A7ty
ol AwEAZ AAsA oflalIT (data TIAAY).

gegk Badox 3t 3350 e F3 A gl
g WAl sHrEe] dokare sh'Y BEAY ofgow
AREE T YA @O E R pachymic acids H]E$H 359] 3}
Mg 5o AR B ARYROE ARgSiE

H
¢ Aoz ArkErt

Aol e 2 B NESH| B BY - 370
ST 35 XA PULS ol§3tel B

A FEEA e Sl 15F, S gL
o] F 1855 FHsk FHEME Ak 1 A
compound 121 pachymic acid®] $HeFe 7Hele AN 2 &
2 A A te] 71 Egron] el Fopite] T Wk
1L T e AR Blste] 33.9%C o
2 Rt Compound 22] 749+ ©
Ak Ao R Blo) TP Skl =
7 vrol Thef29] 8.3-14.4%l £
W2 g 2oz £ e 4 AT
G 7FE Tl o] AgAolA Al
ato] E3lslr] wlEol Agst AR E
o AkA|H z}o]
AFsHEe] e Y
Tro s Tek2, dhw uiite]
sto] 7hak vrol A ake) 10.8%l £35St} (Table 1II).

A% B9 F pachymic acid®] < Table A A2
B! 0.65+0.19 mg/g (0.065 +0.019 wiw %)2] ¥4
Yloll &3h= g 402 st Zlo] nigdd Zlos 3
“E ™, compound 22] 73+ 0.88+0.72 mg/g (0.088 £
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Fig. 7. Typical HPLC chromatogram of 95% ethanolic extract of P. cocos.

Column; ZORBAX Eclipse XDB C18 (4.6 x 250 mm), mobile phase; 70%—100% aq. MeOH (containing 1% HOAc) for 25 min
then 100% —100% aq. MeOH (containing 1% HOAc) for 25~40 min, flow rate; 1.0 ml/min, detector; ELSD.

1; compound 1, 2; compound 2, 3; compound 3.
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Table III. Contents of compounds 1, 2, and 3 in Poria cocos cultivated at different sites

Location 1* 3* Total*
N. Korea 0.68+0.01 1.48+0.01 1.30£0.00 3.46
Kangwon 0.60+0.00 0.690.00 0.70£0.01 1.93
Youngyang 0.69+0.00 0.34+0.01 0.44+0.01 147
China 1 0.58+0.01 0.23£0.02 0.35+0.01 1.16
China 2 0.61+0.00 0.22+0.01 035%+0.01 1.18
Jinbu 0.42+0.01 0.32+0.01 0.43+0.01 1.17
Gangreung 0.67+0.00. 0.35+0.00 0.44+0.02 1.46
Danyang 1 0.6710.01 0.5540.01 0.60+0.01 1.82
Danyang 2 0.66+0.00 2.29+0.01 1.90£0.02 4.85
Uljin 0.69+0.01 0.94+0.01 0.89+0.01 2.52
Mt. Odae 0.45+0.00 2.11£0.00 1.77£0.02 4.33
Jeongsun 1.03+0.02 2.26+0.01 1.88-0.03 517
Jechon 1.18+0.01 1.2240.02 1.02+0.01 3.42
Sancheong 1 0.58+0.00 0.460.01 0.53+0.01 1.57
Sancheong 2 0.53+0.00 0.51+0.00 0.56:0.00 1.60
Youngwol 1 0.66+0.01 0.52+0.01 0.58+0.01 1.76
Youngwol 2 0.6210.00 1.18£0.01 1.07£0.01 2.87
Yangyang 0.40+0.00 0.19+0.01 0.33£0.01 0.56
Average 0.65+0.19 0.88+0.72 0.84+0.54 235+137

*mg/g

A7 AZEZe) 3 2.35+1.37 mg/g (0.235+0.137 w/
w%) o3 g FALE AT & Jot BHo gk
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