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bstract

Quantitative analytical methods for the 17 phytoestrogens containing isoflavonoids, lignans, and mycoestrogens in herbs were
nd the amount of phytoestrogens was determined in 22 traditional medicinal herbs. The focus of this study was to simplify the p
rocedure for removing many kinds of interferences in herbs, and to select adequate derivatization reagent for getting desirable
nd sensitivity in the quantitative determination of phytoestrogens. To satisfy these goals, we performed a solid-phase extraction
LB cartridges following enzymatic and acidic hydrolysis, and we used the mixture of MSTFA/NH4I/DTE (1000:4:5, v/w/w) to form TMS
erivatives of phytoestrogens. Overall recovery was more than 84% in all of the phytoestrogens, and the limit of quantific
hytoestrogens in herbs were set at 0.2�g/g. Coefficient of variation percentages were in the range of 0.18–15.68% (within-da
.23–16.61% (day-to-day), respectively. Most of the isoflavonoids and lignans were found in all of the herbs, but mycoestrogen
etected at all. TheLeguminosae family proved to be the richest source of isoflavonoids. Lignans such as enterodiol and enterolacto
etected at low concentration in most of the herbs. These results indicate that this assay is accurate and reliable for the dete
hytoestrogens in herbs. Also, information regarding the phytoestrogen contents in traditional medicinal herbs is useful in the prev

reatment of chronic diseases such as cancer, osteoporosis, dementia, and cardiovascular disease. © 2004 Elsevier Inc. All rights r

eywords: Gas chromatography–mass spectrometry (GC-MS); Phytoestrogens; Traditional medicinal herb; Isoflavonoids; Lignans
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. Introduction

Phytoestrogens are plant-derived, nonsteroidal c
ounds that possess estrogen-like biological activity[1].
he dietary consumption of phytoestrogens has been
iated with a lower incidence of breast, colon, and pros
ancer[2,3] in Asia, where phytoestrogen intake is h
ompared with that in western countries[4,5]. Recently
any researchers have reported that phytoestrogen
lays a role in preventing the development of some chr
iseases such as age-related bone loss[6,7], memory loss

8], dementia[9], and cardiovascular disease[10,11].
Recent work has also shown that phytoestrogens

reased the tissue level of 8-hydroxy-2�-deoxyguanosine
hich is a marker for oxidative DNA damage. The res

ndicate that antioxidant properties of phytoestrogens

* Corresponding author. Tel.: 82-2-958-5067; fax: 82-2-958-5059

cE-mail address: bcc0319@kist.re.kr (B.C. Chung).

955-2863/04/$ – see front matter © 2004 Elsevier Inc. All rights reserved
oi:10.1016/j.nutbio.2004.01.007
onsidered to be responsible in part for their protec
ffects against oxidative insults[12,13]. Because of thos
eneficial effects of phytoestrogens, many researchers
een interested in the possibility of phytoestrogens fo

reatment of many diseases and tried to identify plan
ood that are rich in phytoestrogens. To determine the
ent of phytoestrogens in plants or foods, many quantit
nalyses have been performed[14–18]. However, mos
ethods did not have sufficient sensitivity and select

or the determination of phytoestrogens at low concen
ions. In addition, the reported extraction and purifica
teps for phytoestrogens in herbs[20] were so complex an
ependent on individual experimental skill that they le
ignificant losses of phytoestrogens. Therefore, we trie
evelop a simpler and more sensitive analytical metho

he determination of phytoestrogens in herbs. In this s
e especially focused on the simplification of a colum
hromatography procedure to remove impurities and to

entrate phytoestrogens, and tried to improve sensitivity

.
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rom the changing of derivatization reagents. We then chose
2 traditional medicinal herbs that have been known to be
ery effective in the prevention and treatment of chronic
iseases such as cancer, osteoporosis, dementia, and cardio-
ascular disease in Korea, and determined the content of
hytoestrogens in those herbs with this developed method.

. Methods and materials

.1. Materials

All phytoestrogens, flavone, chrysin, apigenin, quercetin,
aempferol, catechin, equol, daidzein, genistein, biochanin-
, enterodiol, enterolactone, �-zearalanol, �-zearalanol,

earalanone, �-zearalenol, and �-zearalenol (Fig. 1) were
btained from Sigma Chemical Co. (St. Louis, MO). 17�-
stradiol-(d4-2,4,16,16-2H-1,3,5(10)-estratrien-3,17 �-diol,

nternal standard (IS)) was purchased from MSD Isotope
Montreal, PQ, Canada). N-methyl-N-trifluorotrimethylsilyl
cetamide (MSTFA), ammonium iodide (NH4I), and dithio-
rythritol (DTE) were purchased from Aldrich Co. (Mil-
aukee, WI). CH3COONa, CH3COOH and HCl were pur-

hased from Junsei Chemical Co. (Tokyo, Japan).

ig. 1. Chemical structures of phytoestrogens, isoflavonoids, flavone, chry-
in, apigenin, kaempferol, quercetin, daidzein, genistein, biochanin-A, cat-
chin, equol and lignans, enterolactone, enterodiol and mycoestrogens, �-
r �-zearalanol, �- or �-zearalenol, zearalanone.
-Glucuronidase/aryl sulfatase from Helix pomatia was c
upplied by Boeringer-Mannheim (Mannheim, Germany).
iethyl ether and methanol were supplied by J.T. Baker Co.

Phillipsburg, NJ). Diethyl ether was distilled from calcium
ydride powder just before using. All chemicals and sol-
ents were of the highest grade that was commercially
vailable.

Each stock solution of the standards was prepared by
oncentration of 1 g/L in methanol. By diluting in methanol,
ach working standard solution was made up at a varied
oncentration in the range of 1 to 100 mg/L, and the IS
olution was prepared at a concentration of 10 mg/L.

.2. Preparation of traditional medicinal herbs

The traditional medicinal herbs examined were as fol-
ows: Angelicae dahuricae radix, Bupleuri radix, Clemati-
is radix, Salviae miltiorrhizae radix, Cimicifugae rhizoma,
ngelicae gigantis radix, Scutellariae radix, Sophorae ra-
ix, Schizandrae fructus, Acanthopanacis cortex, Epimedii
erba, Atractylodis macrocephalae, Anemarrhenae rhi-
oma, Asari radix, Ponciri fructus, Magnoliae cortex, Cervi
ornu pantotrichum (from New Zealand and Soviet Russia),
ardeniae fructus, Puerariae radix, Cordyceps, and Pae-
niae radix lba. All traditional drided medicinal herbs (500
) were extracted with a mixture of water and methanol
15:85) under a sonicator (25°C) for 1 hour (3 times), and
he filtered MeOH extract was evaporated under vacuum
19].

.3. Enzymatic hydrolysis

Dried power of the 85% methanol extraction (25 mg) of
ach herb were taken into a glass test tube and 10 �L of a
tock solution of 17�-estradiol-d4 (10 mg/L) was added into
n internal standard. A 1-mL quantity of a 0.2-mol/L acetate
uffer (pH 5.2) and 100 �L of �-glucuronidase/aryl sulfa-
ase from Helix pomatia (�-glucuronidase activity was 5.5
/mL at 39°C, and aryl sulfatase activity was 2.6 U/mL at
8°C) were also added for enzymatic hydrolysis. Before
ydrolysis, 100 �L of an aqueous solution of ascorbic acid
10 mg/mL) was added to prevent the oxidation of catechol
hytoestrogens. The mixture was heated at 55°C for 3 hours
o hydrolyze the glycosides of isoflavonoids. After slight
ooling at room temperature, the samples were extracted
ith 5 mL of diethyl ether by mechanical shaking for 10
inutes and centrifuged at 2400 rpm for 5 minutes. The

eparation between organic and aqueous phases was
chieved by freezing. The separated organic layer was evap-
rated under a gentle stream of nitrogen, and the extraction
rocedures were repeated twice.

.4. Acid hydrolysis

To remove the glycosides of lignans, we hydrolyzed the
queous phase again by adding 50 �L of 6 mol/L hydro-

hloric acid, and incubating it at 100°C for 2.5 hours. After
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ooling, it was extracted with 5 mL of diethyl ether as
escribed above.

.5. Solid-phase extraction

The Oasis HLB extraction cartridge (60 mg; Waters Co.,
ilford, MA), which was placed in a device fitted with a

mall vacuum pump and a waste receiver, was subsequently
reconditioned with methanol and water (1 mL each) at a
ow rate of 1.5–2 mL/min. The residue obtained from
nzymatic and acid hydrolysis was dissolved with 500 �L
f methanol and slowly loaded into the cartridge. The car-
ridge was then washed with 1 mL of water and eluted with

mL of methanol (2.5 mL, twice) at a flow rate of 0.8–1
L/min. The eluted methanol was evaporated to dryness

nder a gentle stream of nitrogen and dried in a vacuum
esiccator over P2O5/KOH for 30 minutes before derivati-
ation.

.6. Derivatization

The dried residue was reacted with MSTFA/NH4I/DTE
50 �L, 1000:4:5, v/w/w) by heating at 60°C for 15 minutes
o form a TMS derivative before analyzing with gas chro-
atography–mass spectrometry (GC-MS).

.7. GC-MS

GC-MS analyses were performed with a Hewlett-Pack-
rd model 6890 Plus gas chromatograph interfaced to a
ewlett-Packard model 5970B MSD (Hewlett-Packard,
ndover, MA). An Ultra-2 (SE-54 bonded phase) fused-

able 1
C-MS retention times selected ions, calibration range, and linearity of s

ompound Ions Selected
(m/z)*

Rela
Tim

lavone 222, 194, 165
hrysin 398, 383, 311
pigenin 486, 471, 399
aempferol 574, 559, 487
uercetin 662, 647, 559
aidzein 398, 383, 355
enistein 486, 471, 399
iochanin-A 428, 413, 370
nterolactone 442, 427, 180
nterodiol 500, 410, 180
atechin 650, 560, 368
quol 386, 371, 192
-Zearalenol 536, 431, 305
-Zearalenol 536, 398, 305
-Zearalanol 538, 523, 433
-Zearalanol 538, 523, 433
earalanone 534, 519, 305
7�-Estradiol-d4 420

* Quantitative ions are underlined.
ilica capillary column (25 m, length � 0.2 mm, ID, 0.33 e
m, film thickness; Agilent) was used. The electron energy
as 70 EV and the ion source temperature was 230°C. Each

ample (2 �L) was injected in split mode and the split ratio
as 5:1. The oven temperature was programmed as follows:

he initial temperature was at 160°C; it was ramped to
70°C at a rate of 10°C/min and held for 10 min. Finally, it
as ramped to 315°C at 5°C/min and held for 2 min. The

arrier gas was helium, and the column flow was 0.4 mL/
in at 160°C.
We analyzed all phytoestrogens in the selected ion mon-

toring (SIM) mode in mass spectrometry. We achieved the
eak identification by comparing the retention times and
atching the area ratios of three characteristic ions of each

ompound. The characteristic ions for each phytoestrogens
n SIM mode are listed in Table 1.

ig. 2. Total ion chromatogram of phytoestrogens in SIM mode in GC-MS.
� flavone; 2 � equol; 3 � enterodiol; 4 � chrysin; 5 � enterolactone;
� �-zearalenol; 7 � �-zearalenol; 8 � zearalanone; 9 � biochanin-A; 10
catechin; 11 � �-zearalanol; 12 � daidzein; 13 � �-zearalanol; 14 �

enistein; 15 � kaempferol; 16 � apigenin; 17 � quercetin; IS � 17�-

s phytoestrogens

tention Calibration Range
(�g/g)

Linearity
(r2)

100–2000 0.9842
4–200 0.968

10–120 0.9834
20–300 0.9855
4–200 0.9709

40–2400 0.9974
40–800 0.986
40–800 0.9795
5–300 0.9988
3–40 0.9974
4–160 0.9548

0.6–20 0.9863
2–30 0.9878
2–30 0.9872
2–30 0.9901
2–30 0.99
2–30 0.9678
tandard

tive Re
e (min)

0.88
1.08
1.56
1.49
1.61
1.33
1.35
1.26
1.19
1.02
1.26
0.88
1.28
1.31
1.20
1.22
1.24
1

stradiol-d4.



T
W

C

F

C

A

K

Q

D

G

B

E

E

C

E

�

455S.H. Lee et al. / Journal of Nutritional Biochemistry 15 (2004) 452–460
able 2
ithin-day variations of phytoestrogens

ompound

lavone
Concentration added (�g/g) 100 200 500 1000 2000
Concentration founded
(Mean � SD, �g/g)

102.91 � 1.15 201.70 � 2.43 502.22 � 4.78 991.47 � 1.66 2003.61 � 17.75

CV % 1.12 1.21 0.95 0.17 0.89
hrysin
Concentration added (�g/g) 4 20 50 120 200
Concentration founded
(Mean � SD, �g/g)

3.70 � 0.16 20.97 � 1.63 49.36 � 2.25 118.45 � 3.00 204.77 � 0.10

CV % 4.20 7.78 4.57 2.53 0.05
pigenin
Concentration added (�g/g) 10 20 30 50 120
Concentration founded
(Mean � SD, �g/g)

10.50 � 1.63 20.54 � 0.37 29.09 � 0.39 51.79 � 3.19 120.96 � 1.63

CV % 15.50 1.78 1.34 6.17 1.35
aempferol
Concentration added (�g/g) 20 40 200 300
Concentration founded
(Mean � SD, �g/g)

19.64 � 2.00 38.80 � 0.46 202.42 � 1.19 302.54 � 4.12

CV % 10.19 1.19 0.59 1.36
uercetin
Concentration added (�g/g) 4 20 50 100 200
Concentration founded
(Mean � SD, �g/g)

4.75 � 0.28 20.76 � 0.49 48.23 � 4.08 97.74 � 2.28 203.42 � 1.11

CV % 5.99 2.38 8.45 2.33 0.55
aidzein
Concentration added (�g/g) 40 200 400 1200 2400
Concentration founded
(Mean � SD, �g/g)

43.65 � 2.22 211.96 � 16.91 386.00 � 8.90 1194.39 � 11.09 2383.25 � 18.07

CV % 5.09 7.98 2.30 0.93 0.76
enistein
Concentration added (�g/g) 40 80 200 400 800
Concentration founded
(Mean � SD, �g/g)

40.28 � 6.31 79.41 � 6.02 202.51 � 5.18 395.35 � 3.48 795.84 � 7.76

CV % 15.68 7.58 2.56 0.88 0.97
iochanin-A
Concentration added (�g/g) 40 120 200 400 800
Concentration founded
(Mean � SD, �g/g)

40.79 � 5.98 116.42 � 3.94 200.35 � 5.13 396.98 � 4.17 801.97 � 4.72

CV % 14.65 3.39 2.56 1.05 0.59
nterolactone
Concentration added (�g/g) 5 28 50 120 300
Concentration founded
(Mean � SD, �g/g)

5.73 � 0.74 27.64 � 0.53 50.41 � 1.60 119.58 � 2.33 300.40 � 2.17

CV % 12.97 1.92 3.17 1.94 0.72
nterodiol
Concentration added (�g/g) 3 5 10 20 40
Concentration founded
(Mean � SD, �g/g)

2.99 � 0.10 5.02 � 0.10 9.97 � 0.23 19.85 � 0.34 40.15 � 0.10

CV % 3.28 2.08 2.35 1.74 0.25
atechin
Concentration added (�g/g) 4 20 50 160
Concentration founded
(Mean � SD, �g/g)

3.96 � 0.17 19.16 � 0.49 48.73 � 0.18 162.12 � 0.29

CV % 4.29 2.56 0.36 0.18
quol
Concentration added (�g/g) 1 5 10 15 20
Concentration founded
(Mean � SD, �g/g)

1.03 � 0.08 4.82 � 0.03 10.05 � 0.29 14.91 � 0.17 19.83 � 0.14

CV % 7.80 0.69 2.84 1.11 0.73
-Zearalanol
Concentration added (�g/g) 2 4 10 20 30

Continued
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.8. Validation

Repeatability (within-day variations) studies were car-
ied out on each containing different levels of phytoestro-
ens. Measurements were repeated three times on the same
ay. Also, various amounts of phytoestrogens, which has
he same concentrations as the test for within-day were
nalyzed for reproducibility (day-to-day variations) tests.
hytoestrogen contents were determined in triplicate on 3
ifferent days.

. Results

.1. Extraction and validation of analytical method for
hytoestrogens

The solid phase extraction with Oasis HLB cartridge
chieved more than 80% recovery in all phytoestrogens. It
as much more convenient to treat and to elute solvents;

hus this procedure saved a lot of time to analyze samples.
t also removed interference effectively so we could get
lear chromatograms in GC-MS analysis (Fig. 2). The der-
vatization with the mixture of MSTFA/NH4I/DTE im-
roved the detection limits of phytoestrogens (0.02–0.4
g/100 g) in GC-MS analysis about 10–100-fold compared
ith previous reports (2–3 �g/100 g) [20]. The results of
alidation in quantitative analysis are summarized in Tables
and 3. The coefficient of variation (CV) percentages of

able 2
ontinued

ompound

Concentration founded
(Mean � SD, �g/g)

2.08 � 0.15 3.99 � 0.

CV % 7.33 0.46
-Zearalanol
Concentration added (�g/g) 2 4
Concentration founded
(Mean � SD, �g/g)

1.97 � 0.21 3.99 � 0.

CV % 10.75 0.46
-Zearalenol
Concentration added (�g/g) 2 4
Concentration founded
(Mean � SD, �g/g)

1.88 � 0.12 4.25 � 0.

CV % 6.50 9.94
-Zearalenol
Concentration added (�g/g) 2 4
Concentration founded
(Mean � SD, �g/g)

1.80 � 0.06 4.55 � 0.

CV % 3.58 0.93
earalenone
Concentration added (�g/g) 2 4
Concentration founded
(Mean � SD, �g/g)

1.98 � 0.07 4.18 � 0.

CV % 3.54 3.68
ithin-day and day-to-day variations were less than 15.68% i
nd 16.61%, respectively, in all phytoestrogens. These re-
ults show that this analytical method has a good recovery,
ccuracy, and reproducibility to analyze phytoestrogens.

.2. Quantitative analysis of phytoestrogens in medicinal
erbs

Most of the isoflavonoids and lignans were detected, but
he mycoestrogens, which are formed from fungi, belong to
he Fusarium garminearumgenus, and they have been iden-
ified in grain-based food [21], were not detected in every
edicinal herbs. The total concentration (�g/g) of isofla-

onoids were found to be very high in Puerariae radix and
n descending order of concentration percentage, followed
y Schizandrae fructus, Sophorae radix, Atractylodis mac-
ocephalae, Epimedii herba, Scutellariae radix, Paeoniae
adix lba, Salviae miltiorrhizae, Cervi cornu pantotrichum
from New Zealand), Bupleuri radix, Gardeniae fructus,
imicifugae rhizoma, Cervi cornu pantotrichum (from So-
iet Russia). Ponciri fructus, Angelicae gigantis radix,
lematidis radix, Acanthopanacis, Cordyceps, Anemarrh-
nae rhizoma, Magnoliae cortex, Asari radix, and Angeli-
ae dahuricae radix.

Puerariae radix (Leguminosae family) contained the
argest amount of genistein, biochanin-A, and daidzein
mong the tested herbs [22].

We detected lignans such as enterodiol and enterolactone

9.95 � 0.05 19.9 � 0.48 29.95 � 0.51

0.49 2.43 1.71

10 20 30
10.01 � 0.21 19.88 � 0.33 29.89 � 0.74

2.14 1.66 2.48

10 20 30
10.08 � 0.09 20.14 � 0.18 30.11 � 0.40

0.88 0.89 1.32

10 20 30
10.11 � 0.25 19.99 � 0.22 30.23 � 0.21

2.43 1.12 0.70

10 20 30
9.87 � 0.16 19.76 � 0.82 29.79 � 0.21

1.60 4.13 0.72
02

02

42

04

15
n most of the herbs at low concentrations.
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able 3
ay-to-day variations of phytoestrogens as TMS derivativesa

ompound

lavone
Concentration added (�g/g) 100 200 500 1000 2000
Concentration founded
(Mean � SD, �g/g)

107.34 � 7.70 200.69 � 2.82 500.77 � 4.21 997.84 � 11.09 2008.09 � 17.04

CV % 7.18 1.41 0.84 1.11 0.85
hrysin
Concentration added (�g/g) 4 20 50 120 200
Concentration founded
(Mean � SD, �g/g)

3.62 � 0.18 21.77 � 1.80 49.11 � 1.65 117.53 � 2.66 204.54 � 0.46

CV % 5.00 8.26 3.36 2.26 0.23
pigenin
Concentration added (�g/g) 10 20 30 50 120
Concentration founded
(Mean � SD, �g/g)

9.90 � 1.56 20.43 � 0.33 30.13 � 1.81 52.76 � 2.81 121.19 � 1.41

CV % 15.77 1.60 6.01 5.33 1.16
aempferol
Concentration added (�g/g) 20 40 200 300
Concentration founded
(Mean � SD, �g/g)

20.36 � 1.88 39.04 � 0.54 202.74 � 1.16 300.67 � 5.02

CV % 9.25 1.37 0.57 1.67
uercetin
Concentration added (�g/g) 4 20 50 100 200
Concentration founded
(Mean � SD, �g/g)

4.55 � 0.35 21.51 � 1.34 48.55 � 2.94 94.94 � 5.11 204.50 � 2.04

CV % 7.71 6.25 6.05 5.38 1.00
aidzein
Concentration added (�g/g) 40 200 400 1200 2400
Concentration founded
(Mean � SD, �g/g)

44.01 � 32.22 218.06 � 15.96 383.52 � 7.62 1193.89 � 9.11 2392.85 � 20.97

CV % 5.05 7.32 1.99 0.76 0.88
enistein
Concentration added (�g/g) 40 80 200 400 800
Concentration founded
(Mean � SD, �g/g)

39.28 � 4.79 77.42 � 5.47 203.73 � 4.23 395.02 � 2.53 795.62 � 5.50

CV % 12.18 7.70 2.08 0.64 0.69
iochanin-A
Concentration added (�g/g) 40 120 200 400 800
Concentration founded
(Mean � SD, �g/g)

41.66 � 4.49 119.14 � 6.32 199.57 � 4.47 399.20 � 4.85 806.16 � 8.00

CV % 10.77 5.31 2.24 1.21 0.99
nterolactone
Concentration added (�g/g) 5 28 50 120 300
Concentration founded
(Mean � SD, �g/g)

5.61 � 0.66 27.81 � 0.48 49.11 � 1.65 117.53 � 2.66 300.99 � 2.14

CV % 11.70 1.72 3.36 2.26 0.71
nterodiol
Concentration added (�g/g) 3 5 10 20 40
Concentration founded
(Mean � SD, �g/g)

2.95 � 0.12 5.04 � 0.09 9.87 � 0.27 20.05 � 0.49 40.09 � 0.14

CV % 4.08 1.80 2.79 2.42 0.35
atechin
Concentration added (�g/g) 4 20 50 160
Concentration founded
(Mean � SD, �g/g)

3.97 � 0.12 18.92 � 0.54 48.11 � 1.08 161.94 � 0.37

CV % 3.05 2.83 2.24 0.23
quol
Concentration added (�g/g) 1 5 10 15 20
Concentration founded
(Mean � SD, �g/g)

1.03 � 0.07 4.91 � 0.17 10.13 � 0.28 14.97 � 0.18 19.92 � 0.22

CV % 6.38 3.43 2.79 1.17 1.10
Continued
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. Discussion

HPLC determination has been used to separate and quan-
ify phytoestrogens such as isoflavonoids and lignans in
lants or food. However, it did not have sufficient sensitiv-
ty and specificity for plants or food at a low concentration
f the phytoestrogens [22]. Recently, GC-MS determination
as appeared to be the method of choice to assay for phy-
oestrogens [20,27]. It has higher sensitivity and selectivity
o determine phytoestrogens than HPLC analysis. However,
uitable hydrolysis and extraction procedures were essential
o detect the free form of phytoestrogens, as well as the
lycoside conjugate of phytoestrogens. Mazur et al. [20]
sed both of enzymatic and acidic hydrolysis to get the free
hytoestrogens from their glycosides. The glycoside of
soflavonoids was hydrolyzed during the enzymatic hydro-
ysis with �-glucuronidase/aryl sulfatase, but only a small
mount of lignan glycosides was hydrolyzed in this step.
hus, lignan glycosides require more severe hydrolysis con-
itions such as acidic hydrolysis to produce the correspond-
ng free lignans. However, enzyme hydrolysis must be un-
ergone before acidic hydrolysis, because the isoflavonoids
re very sensitive and break down easily in the acidic
ondition. The recoveries through those hydrolysis proce-
ures were more than 90% in every phytoestrogen in our
reliminary study (data not shown). Therefore, we per-
ormed the same hydrolysis procedure used by Mazur et al.
or all of our analyses.

able 3
ontinued

ompound

-Zearalanol
Concentration added (�g/g) 2 4
Concentration founded
(Mean � SD, �g/g)

2.07 � 0.13 4.01 � 0.0

CV % 6.06 1.02
-Zearalanol
Concentration added (�g/g) 2 4
Concentration founded
(Mean � SD, �g/g)

2.01 � 0.20 4.00 � 0.0

CV % 9.86 1.11
-Zearalenol
Concentration added (�g/g) 2 4
Concentration founded
(Mean � SD, �g/g)

1.80 � 0.16 4.11 � 0.3

CV % 9.01 9.40
-Zearalenol
Concentration added (�g/g) 2 4
Concentration founded
(Mean � SD, �g/g)

1.77 � 0.06 4.30 � 0.4

CV % 2.41 10.02
earalenone
Concentration added (�g/g) 2 4
Concentration founded
(Mean � SD, �g/g)

2.18 � 0.36 3.96 � 0.4

CV % 16.61 10.14
After the hydrolysis and extraction, Mazur et al. per- w
ormed two kinds of anion-exchange chromatography to get
id of impurities such as neutral steroids, organic acid, and
onsiderable amounts of chromogens [20]. However, those
hromatography steps demand several careful and elaborate
reatments for the preconditioning of the sephadex resin and
or sample-loading and organic solvent elution. Moreover,
hose processes were so dependent on individual experi-
ental skill that they led to significant losses of the com-

ounds even though detailed experiments were performed.
For these reasons, we tried to improve the column-chro-

atography steps with a more convenient and less sensitive
esin. We introduced Oasis HLB extraction cartridge (Wa-
ers Co., Milford, MA) instead of sephadex resin. This was
ore convenient to precondition and treat, and it was less

H dependent and less sensitive to the polarity of com-
ounds than was sephadex resin. This method also made it
ossible to reduce complex two-stage column chromatog-
aphy steps to a simple one-step column chromatography
tep.

Normally, after the hydrolysis and extraction, we per-
ormed derivatization with suitable derivatizing agents to
ecrease the polarity of the compounds and to increase the
ensitivity of the compounds in GC-MS. In previous re-
orts, hexamethyldisilane and bis(trimethylsilyl)trifluoro-
cetatamide containing 1% TMCS in pyrimidine were used
or derivatizing agents [14,20,23,24]. Those derivatization
gents could form O-TMS functional groups from the reac-
ion with hydroxyl groups in the phytoestrogens. However,

10 20 30
9.93 � 0.05 19.67 � 0.52 29.88 � 0.45

0.54 2.67 1.49

10 20 30
10.01 � 0.18 19.77 � 0.30 30.04 � 0.68

1.75 1.51 2.26

10 20 30
10.13 � 0.11 20.00 � 0.28 30.16 � 0.34

1.06 1.38 1.13

10 20 30
10.12 � 0.20 19.91 � 0.24 30.06 � 0.38

2.00 1.22 1.25

10 20 30
9.83 � 0.15 19.77 � 0.30 29.95 � 0.51

1.52 1.51 1.71
4

4

9

3

0

e used a mixture of MSTFA, NH4I, and DTE (the ratio
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as 1000:4:5, v/w/w) to form TMS derivatives to enol-keto
roups as well as hydroxyl groups in phytoestrogens
25,26]. Those TMS derivatives were more lipophilic than
ere derivatives reported in the previous report. Thus, we

ould get much better resolution and lower detection limits
0.02–0.4 �g/100 g) than in previous reports (2–3 �g/100
) [20].

After the quantitative analysis of phytoestrogens in me-
icinal herbs, we found that kaempferol, quercetin, and
pigenin were abundant phytoestrogens in most of medici-
al herbs. It was also shown that there were largest amount
f genistein and daidzein in Puerariae radix. Genistein and
aidzein were reported to be the most biologically active
hytoestrogens [28,29].

able 4
oncentration (�g/500g of dried herb) of phytoestrogen contents in each

otanical Name Fla Chr Api Kae Q

mbelliferaes family
Bupleuri Radix nd 88.3 67.6 2040.2
Angelicae dahuricae radix nd nd 13.2 25.8
Angelicae gigantis radix nd nd 55.0 107.3

anunculaceaes family
Clematidis radix nd 28.3 51.9 161.4
Cimicifugae rhizoma 1585 21.4 61.7 1058.3
Paeoniae radix lba nd 17.3 60.3 1135.2 1
agnoliaceaes family
Magnoliae cortex nd 17.0 18.1 40.1
Schizandrae fructus nd nd 70.3 243.8

eguminosaes family
Sophorae radix nd nd 45.6 189.8
Puerariae radix nd nd 193.4 356.3

abiataes family
Salviae miltiorrhizae nd nd 31.5 74.9
Scutellariae radix nd 1440.2 65.1 1278.1

aemodoraceaes family
Anemarrhenae rhizoma nd nd 29.4 109.1

ristolochiaceaes family
Asari radix nd nd 22.1 60.4

lavicipitaceaes family
Cordyceps nd 17.5 nd 18.4

utaceaes family
Ponciri fructus nd nd 840.7 20.0

erberidaceaes family
Epimedii herba nd nd 86.9 6969.3 1

ubiaceaes family
Gardeniae frucrus 711.5 159.8 40.5 545.1

raliaceaes family
Acanthopanacis 314.3 17.6 16.5 33.8

ompositaes family
Atractylodis macrocephalae nd nd 52.3 113.5

ervidaes family
Cervi pantotrichum cornu
(From New Zealand)

nd 20.7 14.3 1165.7

Cervi pantotrichum cornu
(From Soviet)

nd 18.2 15.8 86.5

Calibration range overed herbs were 1/50 diluted again GC-MSD injec
Fla � Flavone; Chr � Chrysin; Api � Apigenin; Kae � Kaempferol; Q

nterolactone; Ent � Enterodiol; Cat � Catechin; Equ � Equol; nd � n
Mycoestrogens: �- or �-zearalanol, �- or �-Zearalenol, zearalanone we
Therefore, our results indicate that this assay method is
elpful, reproducible, sensitive and reliable in evaluating
hytoestrogens. We believe that this method is readily ap-
licable to many areas of nutritional and medicinal science.
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