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Abstract: The quality of decoction water would be important for the preparation of herbal medicines. Four
types of decoction water, S1, S2, S3 and S4, three types of mineral water from Jeju island and one type of
tap water from Seoul region were evaluated. The contents of minerals in decoction water were analysed by
ICP-AES and ICP-MS. There was significant difference in the mineral contents between the types of decoction
water. The bioactive components from rhubarb were extracted with four types of water and the relationship
between mineral contents in water and the extracted amounts of components was evaluated. The total extraction
was calculated by evaporating water and weighing the residue. The bioactive components in rhubarb were

determined by HPLC method. Kruskall-Wallis rank sum tests were used. Multiple factor analysis was used
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to analyze the relation between the contents of mineral and total extraction or bioactive components in the

decocted solutions. Not only the total extraction but also the amount of extracted bioactive components showed

statistically significant relationship with the contents of minerals and anions in decoction water.

Key words: decoction water, rhubarb, total extraction, mineral content, multiple factor analysis.
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< AES FEZATEI2RYEEE 7] (Inductively
Coupled Plasma Atomic Emission Spectrometer; ICP-
AES)St FEAFST=viE FEA7)(ICP Mass
Spectrometer; ICP-MS) % o] Zw}E 18] Z(lon
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Chromatograph; IC)S& ©]-&3t 433ttt F=
stbAl 2 &8 Mg st o of2 it E
(Polygonaceae)°ll 43k ThdAl 2B O 2 AL TR
#om ), S OLife), 501735 (RHHEYHE) 52
go] YEA JE’ oA vl T2t Aot
o] oz QtEEF =4 sI§HE<] chrysophanol,
emodin, aloe-emodin, rhein, physcion, sennoside A, B, C,
D, E ¥ 2497 3}3E<Q rhaponticin, piceid,
deoxyrhaponticin 5°] ¥¢#A =l AhHAS oA o]
E Aol 9t i3t Alstax 0 e E g a) e
et 2 FEAH| I A H g3}, W oA &,
2 JAZ g A7 R g g B gar
SHEL Yk B APA= e F &5
T FEFol 8 T g o g AR
A& el BAHoE ekt

2.1. Ak H AZE
HPLCol AF&3 &ulE ®5% HPLCRCSE SK
Chemical (Ulsan, Korea)oll ] 933 A& F&&
g e 25 55 2 deA%S ARSI 3
2} 7542 Azl = MilliporeAte] Milli-Q Apparatus
(Bedford, MA, USAYE AH&-3t3TH HE-EFE AHE
H E AEe AFAGNA A== A T/ 234
MEA oM AFEE L JE FEE 5 U FFE A
FNSFALREE Agdol 7+ S1, S2, S3, S4% 3
=slete] Ao HAsiAh 3 EE g9 A
FYE TGN FHsEReH st g
b AR, SAXNEE Y
et kst gl FERA wA Y BASAT FE5
ANEe 7 A2 54240 did Al8E 53]
F%3}] S1-1~S1-5, $2-1~82-5, S3-1~83-5, S4-1~84-
52 F=slste] Wik Baskelr).

22. HYESF 39 OuE H Sol2 FF

A5 F ppm T2 FHH Ca, K, Mg, Na,
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HN

Si, S 59 Wl £4& 95te] ICP-AESE, ppb
Fo =g 5% B, Al Fe, Cu, V, Se, St, P, Mo 59
Aoz flte] ICP-MSE o] gatglem, Sol& &
A& fete] o] RARMEIHY EZAC)E o] &3t
ICP-AES+ Perkin ElmerAH(Waltham, MA, USA)<]
Optima 3300DVA# 2.2 RF power 1300W, cooling,
Bz BF7kAe] §452 4474 15, 0.5, 0.8 L/min®
3R 2, ICP-MSE Perkin ElmerAH(Waltham, MA,
USA)e] ELAN DRC IIA|ZS2 RF power 1400W,
cooling, HZ, EF7129] §52 ZH2f 15, 1.5, 0.1 L/
ming 3Gt} o]LIAZnEIYEZE Metrohm A}
(Switzerland)®] =™ Compact IC proE AF&-3}312
™, Z+H-& Metrosep A Supp (5.0x150 mm), 2]
£ 32 mM Na,CO;¢ 1.0 mM NaHCO; & 3Hf3h=
g ARSI, £42 0.7 mL/min, £l 25E 3
°CZ 33t

S

23. ige] &

e Axsle] TR &3 50 g2 sl A7
44 S1, 82, 83, S4 Z+7HS 500 mLA 7hEkal 14]17¢
e 3 FEITH FEAE W AR F oFs)

of Aoz sisint.

24. thg M8 & F&¥9 I

22 Waters
717 A5FU7] L Waters 486 UV 7= 7| (Milford,
MA, USA)7} 42 HPLCZ EA815t). AHed 24
2 RStechAHKorea)] Optimapak C18(4.6x250 mm, 5
um)°| 2 0] 5L 0.05 M QAAAFAS A, olAE
HEZS BE ko] 0% 4% B; 1052 11% B; 25% 13%
B; 50% 15% B; 70% 20% B; 100% 33% B; 115%
60% B; 1505 60% B} 7o) 7187 42l8lt). o] %
Fe F4S Y Il mL, FYFS 10 Lo @&
2 UV 280 nm%it}. #2]¥ JE9] E1e ¢k ESI
} A= LC-MS-2010-EV (Shimadzu, Japan)E ©]-&-3}
of, EE 714 < 1.4 L/min, CDL 2% 250 °C, 7€
EE52% 200 °C, #&71Hd¢ 1.50kV, CDL At

N

N

C e - 7ES - 2

[Sle]

15.0 VE 3] HPLC-MS #41& A8 5131t

26. SAHXzZ|
ate] FE5Fo] AE4E o7}t JEX 9 oF

£ 23 R7] 98le] Kruskal-Wallis? & A3 32
), 550 - rUEd dS FEHoRRE
FE2T 283 U3 AR ol AMEE 4% AR
E9 FFHRY BARHE S5t tEadEd s A
AlBIATE Tl o o] B0 R A
A= AA 5] JS A8k thAE AR W
Hoz BE=E9 E4o] AAEe AT niXEe 9T
& BAEAY £57e] A Fetol f-&8ich
B AP e EAEAE 2T ES ] R(version 2.12.0,

download http://www.r-project.org)yS &3t 1§ 7+
B9 2ol AA L stats 71 A ] kruskal testT+=
o] &3N T THF 2 Q1 EA (multiple factor analysis,
MFA) Facto-MineR¥| 7] %] &] MFASI~& 77} o] &
sto] EA 3131t

1. MEI®40| Oy MEEAM

oo =2 omT™mTH

7o) AYSFZIE MWD 30953} Lol 5

N oW

Table 1. Contents of minerals and anions in decoction waters
with various sources

St 2 S3 S4  Unit
Ca 306 289 498 04
K 216 56 657 041
Mg 238 457 219 0.3
Na 543 1774 2522 138 PP™
Si 1232 1228 1601 024
S 045 059 075 017
B 74 1467 2179 9
Al 249 719 11 0.16
Fe 408 556 755 0.5
Cu 007 021 029 0.9
v 93 2964 3626 <005  ppb
Se 027 042 018 0.1
St 195 2798 4273 21
P 97.12 11994 115.1 133
Mo 094 312 84 <005
P <01 <ol 01 <ol
cr 591 579 735 0.99
NOy L4 134 <ol 106 PPM
SO 143 162 199 <01

Analytical Science & Technology



S870) FRol W T JR o) F2 A% 41

3
8
@
53
2
&
a
g

0004]  (b)
0.003]
2 0002]
0.001]

0.000-

L e e e T B e o e e e IS

10 20 30 40 50 60 70

L e e B Ly B ey ey Sy e
80 90 100 110 120 130 140 150

Fig. 1. Representative chromatograms of (a) standard mixture and (b) extract of rhubarb sample analyzed by HPLC. Conditions:
Column; Optimapak C18 (4.6x250 mm), eluent A. 0.05 M phosphorate buffer, B. acetonitrile, gradient; 0 min, 4%
B; 10 min, 11% B; 25 min, 13% B; 50 min, 15% B; 70 min, 20% B; 100 min, 33% B; 115 min, 60% B; 150
min, 60% B, flow rate; 1 mL/min, detection; UV 280 nm. Peak identification; 1. piacetanol, 2. sennoside B, 3.
rhaponticin, 4. sennoside A, 5. emodin-glucoside, 6. ampelopsin B, 7. deoxyrhaponticin, 8. emodin, 9. chrysophanol,

and 10. physcion.

T B en A A Table 19] VYERY AT
2 g Zo]& F Ca, Mg, Na, K, Si, SO 52
ppm @92 FFE] e sl A%EE &9 T
£ YEl= 3FA 2 E(Hashimoto)A] 3£°9]

Atz o] &HT) o] A F oJshH U] 7Hx e A
£ B2 EFHe AoE Yeyt.

Agg&rd g BAF34E gA8 22 §], S2,
S3E H|52d AFAE Hel WhE S4e UE 4SS B
ATk 309F<] EAAE T S39 B9 CaE H|E3}
o] 18%9] mv|gel thal B HBEFRT B 3
S ®Hom, I Fo|X%E Na B, V, St, Mod] A%
5] e FFS BT 201L9 A% Noys
PO 52 v#F FHHAL, Clo] 7HF =& FFS

pEpT,

P

e

o2

32 g MEo & F=¥

g FE2d 1 mLF FF 489 52 S, S2,
S3, S4¢] 7% 7z} 38.1, 38.7, 427, 32.9 mge] At}
el tigk g3 i F FE5F] HasF
ol oJA Kruskal-Wallis# g 23} 7holA &2 11.37
o)A p-Fh2 0.0099% A8 FEH9| Aol F
ARSZ Fodhe & 4 AUAUTE §7E FAF zpo]
£ g137] gt AR S A S49] FE o)
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33. FEYUCERFE i dE2 =4

HEFEH T s Ilsr] 9t e 4
FAF A eFe] A E<2l piacetanol, sennoside B, rhapon-
ticin, sennoside A, emodin-glucoside, ampelopsin B,
deoxyrhaponticin, emodin, chrysophanol, physcions
1059 3FES AFHE o2 45t Fig 190
A B ukel Zol107) o] AR T HFFEAS
ZH-H sennoside A, emodin-glucoside, emodin, chryso-
phanol 5 472} “dito] FI= At LC-MS 4 2
I Fol &R = A emodin-glucoside (A 432)=
455 [M+Na]’, 471 [M+K]", 271 [M-Glc+H]", chryso-
phanol(F A3 254)2 255 [M+H]', 20| 2E o)A
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20] 861.2 [M-H]- 20
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Fig. 2. LC-MS spectra of separated components (a) emodin-glucoside and (b) chrysophanol in positive mode, and (c) sennoside
A and (d) emodin in negative mode. LC-MS conditions: nebulizing gas flow rate; 1.4 L/min, CDL temperature; 250
°C, heat block temperature; 200 °C, detector voltage; 1.50 kV, CDL voltage; 15.0 V.

Table 2. Contents of marker compounds in the rhubarb extract with various decoction waters (mean+SD, n=5, mg/mL)

Decoction water SennosideA Emodin-glucoside Emodin Chrysophanol
S1 0.200£0.016 0.025+0.002 0.02540.003 0.017£0.003
S2 0.201£0.017 0.028+0.003 0.02640.003 0.017£0.003
S3 0.243£0.015 0.033£0.002 0.046+0.002 0.037£0.003
S4 0.163£0.011 0.025+0.003 0.030%0.003 0.020%0.002

0.001~0.006°] ] Wjoll =Ajstd AFgd e
o] FFAtol= TAANLE FoFE & 5 AU &
T A A 2ol & FrlIst] fete] AFFHEA S A
3} sennosideAx= S37F 7Hd =% o
] S13} S2+= o] HA] 22 RFAH emodin-glucoside,
emodin ¥ chrysophanol> S37} TFE &= |3 A&
o] 71 =9kl S, S2, S4= o] HA] 2urh.
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**6}0515} A 8
FE AA3t7] A% eigenvalues HEIFAS 45
4 elgenvalue«] B &o] comp2¥d W 97%Z YERE

2 golo] 2 28 A sl a1 07 AT}
Y b S5l o3 447 Fig 33} o] S4

e EA) 2l&te] (S1, S2)¢ #R T FEH L,
S3& igke] eliditel osted (81, S2)9F =AU
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Fig. 3. Individual factor map among minerals, anions, total
extraction and marker compounds.

o FAANA HAEEFES 3] Al e +3 S3,
(S1, S2), S49] EAS Btk olu] AA WERe] of
91%AA vl Z3 & FE7F 25 S3>82>81>54
o7 el om, S1 §29] zbel vlE| (S1, S2)2+
S4 2 (S1, S2)9} S3= AhH o= =A vehgtt o
FRAFA A BE EEE9 8L A=
Fig. 49} 231, BA¢]] o] &8 v &3 Fol T Mg
9} NO; & A9t b2 BE JEE2 F 594 4
gk &l AAAAE AT 7}1] YRS E_Fr
F FEY G ABIAE R, EF
A % emodin-glucoside= 733+ °ok~°4 FHAAE B
ot A3 AFHR Kol AEEF F v
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Fig. 4. Correlation circle among minerals, anions, total extraction
and marker compounds in multiple factor analysis.

[e=]
==

=0
©

Q

= [<)

2 T 353 MeA
ol T3t o
AL, ol A & 4
st sk 2445
2 S1, S2, S37} S4¢l H]s| %57—5]

F 257}] Ah =

ATl = A

2
bl

= =

[¢)

2}
=

g o
[o
o
y o
o

ol M

fo =
e
i) % o

o
=
=

e

w2
It i

nE fu o
o?rl

I

oo o
b
=2
_>.:
N
~
oi

9
)

lo 4 Mgty e
o3

_O‘L

ot

S3, (S1, S2),
A7 A0

rlo Lo ¢
©n
~

e %%ﬂ Gl A =,
sennoside A, emodin-glucoside, emodin, chrysophanol®]
FBULE ol we Rl Aol F u F2

Z o] o] FRAATE A2e L 5 9
Z oA % sennoside A, emodin-glucoside=
7 el ARAAE R

AAtel =2

Vol. 24, No. 1, 2011

(2009-0093815)2.2 =3 ¥

A

=83t 43

o

d2]

A Azo|m ole] ZhA}

=y
HoEs

1. olga, ARk, #HA, F4128], 10(6), 459-467(1997).

2. o|18A, ALE, oS, BRI, AAH, HEA,
et Eets - A B, 3 FATEY
¥3] =23, E143-E151(2006).

3.4, #5738, Fa7, deHExss] A, 13, 19-
29(1998)

4. AN, 23], FE4, vE, tigHExe3]A, 14,
15-22(1999).

5. A5AE, et o]l A8, ExEHEs|A, 8,

6. 73z, A3,
R R
. J. C. Tsai, S. Tsai and W. C. Chang. Biol. Pharm. Bull.,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. F. Raimondi,

29-36(1993).
3, BA41208), 25, 1-39(2000).
T3], Ex3}, p255, 2007.

27, 162-165(2004).

P. Santoro, L. Maiuri, M. Londei, S.
Annunziata, F. Ciccimarra and A. Rubino, J. Pediatr.
Gastroenterol Nutr., 34, 529-534(2002).

T. Yagi, K. Yamauchi and S. Kuwano, J. Pharm. Phar-
macol., 49, 22-25(1997).

Z. Li, L. J. Li, Y. Sun and J. Li, Chemotherapy, 53,
320-326(2007).

Z. C. Yang, B. C. Wang, X. S. Yang, Q. Wang and L.
Ran, Colloids Surf B Biointerfaces, 25, 79-81(2005).
X. R. Cui, Tsukada, M., Suzuki, N., Shimamura, T.,
Gao, L, Koyanagi, J., Komada, F. and Saito, S. Eur. J.
Med. Chem., 43, 1206-1215(2008).

B. Xiao, J. Guo, D. Liu and S. Zhang, Oral Oncol., 43,
905-910(2007).

S. C. Kang, C. M. Lee, E. S. Choung, J. P. Bak, J. J. Bae,
H. S. Yoo, J. H. Kwak and O. P. Zee, Arch. Pharm. Res.,
31, 722-726(2008).

Y. T. Su, H. L. Chang, S. K. Shyue and S. L. Hsu, Bio-
chem. Pharmacol.,70, 229-241(2005).

M. Shoemaker, B. Hamilton, S. H. Dairkee, I. Cohen
and M. J. Campbell, Phytother. Res., 19, 649-651(2005).
J. W. Gu, H. Hasuo, M. Takeya and T. Akasu, Neurop-
harmacology, 49, 103-111(2005).

L. N. Liu, Q. B. Mei, L. Liu, F. Zhang, Z. G. Liu, Z. P.
Wang and R. T. Wang, World J. Gastroenterol., 11,



44 AR - FU - Ol UFE - e - AEY - BFA

503-507(2005). 21. B. Escofier and J. Pagés, Comp. Statistics & Data Anal.,
20. L. Liu, Z. Guo, Z. Lv, Y. Sun, W. Cao, R. Zhang, Z. Liu, 18, 121-140(1994).

C. Li, S. Cao and Q. Mei, Int. Immunopharm., 8, 1481- 22. J. Pagés, Rev. Colomb. Estad., 27(1), 1-26(2004).

1492(2008).

Analytical Science & Technology



