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This study aimed to measure phytoestrogen contents in health functional foods (HFFs) to alleviate meno-
pausal symptoms that are commercially available in South Korea. A sensitive and selective method using
gas chromatography—mass spectrometry (GC-MS) for the monitoring of 21 phytoestrogens was developed
and fully validated. Phytoestrogens were extracted by liquid—liquid extraction using methyl tert-butylether
as the solvent. Food samples were enzymatically hydrolyzed with B-glucuronidase/arylsulfatase. Before
GC-MS, the analytes were derivatized to their trimethylsilyl derivatives by incubation with N,O-bis(tri-
methylsilyl)trifluoroacetamide with 1% trimethylchlorosilane for 30 min at 80°C. The calibration curves
showed good linearity (+* > 0.99) in the range of interest for each analyte. The limits of detection and
quantification of the 21 phytoestrogens were in the ranges of 0.5-20 and 1-50 ng/mL, respectively. The
intra- and inter-day precisions were all below 15.7%. These multivariate procedures were efficient in
determining the optimal conditions using peak heights as responses.

Keywords: Phytoestrogen, Health functional food, Simultaneous, Gas chromatography—mass
spectrometry

Introduction

Phytoestrogens are naturally occurring non-steroidal plant
compounds that are found in various plants such as parsley,
peppers, soybean, and black tea, and in the woody portions of
fruits and vegetables.'™ The structural similarities of phytoes-
trogens with endogenous estrogen (17p-estradiol)’ allow
them to exert health effects by binding to the estrogen recep-
tor, thus hindering estrogen binding. Whether they act as an
agonist or antagonist relies on the endogenous estrogen level
in the human endocrine system.®” Phytoestrogens largely
consist of polyphenols having a 15-carbon skeleton structure,
which comprises two phenyl rings (A and B) and a heterocy-
clic ring (C) (Figure 1).¥'° Phytoestrogens can be categor-
ized into flavones, isoflavones, flavonols, flavans, isoflavans,
lignans, and coumestans, according to substitutions including
hydroxyl and methoxy groups (Table 1)."' The configuration
and total number of these substituents are the main determi-
nants of antioxidant activity.”

Recently, the use of health functional foods (HFFs) con-
taining phytoestrogens, mainly by menopausal women having
decreased estrogen levels, is increasing. The health effects of
phytoestrogens depend on the amounts consumed. Excessive
phytoestrogen consumption may lead to adverse health
effects such as fluid circulation disorder, obesity, and even
cardiovascular disease.'>'* In accordance with the intake,
fully understanding either the potential risks or the benefits
from consuming HFFs is essential.
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Several methods have been reported for the determina-
tion of phytoestrogens in food sources, including
ultraviolet—visible detectors, particularly in diodarray con-
figuration, fluorescence detectors, electrochemical detectors,
and—the most widely utilized—high-performance liquid
chromatography (HPLC).'>'® Wielogorska er al. (2011)
and Antignac et al. (2009) developed a HPLC procedure
for isoflavones mainly.'”~"°

Nowadays, there is an increasing interest in the applica-
tion of advanced analytical techniques based on liquid
chromatography (LC) or gas chromatography (GC) with
mass spectrometry (MS). However, the major drawback of
LC-MS is the matrix effect. An enhancement of target-
compound responses because of co-eluted matrix compo-
nents altering ionization efficiency has been reported.?’

On the other hand, GC-MS has been increasingly used
for the determination of phytoestrogens owing to improved
specificity and sensitivity.”' > Kuo er al. (2004), Ribeiro
et al. (2015), and Magiera et al. (2011) developed GC
methods involving derivatization in the sample preparation
stage to form trimethylsilyl (TMS) derivatives that increase
volatility and improve thermal stability.?*>° These papers
reported the quantitative determination of isoflavones only.
Other studies have investigated subgroups of metabolites,
such as the isoflavones daidzein and genistein, which
exhibit the biological activities of phytoestrogens. How-
ever, various phytoestrogens show metabolic activities
through complex enzymatic mechanisms occurring in the
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Figure 1. Basic chemical structure of phytoestrogens.

human liver, intestine, and colon.' Therefore, it is essential
to clearly understand the effects of related phytoestrogen
metabolites on human health. Thus, there is a pressing need
for a standardized method that allows the simultaneous
analysis of a wide range of phytoestrogens.

In this study, we developed a reliable and reproducible
method for the simultaneous determination of diverse phy-
toestrogens in HFFs. Compared with LC-based methods, this
method provided high resolution and high throughput, and
had a low detection limit for all phytoestrogens. The sample
preparation procedures, including enzymatic hydrolysis,
liquid-liquid extraction (LLE), and derivatization, were opti-
mized. Then, this method was applied to HFFs to alleviate
menopausal symptoms, available on the Korean market.

Table 1. Structures of phytoestrogens analyzed in this study

Experimental

Chemicals and Reagents. All chemicals, reagents, and
solvents were of analytical grade or higher purity. Chrysin
(CHR), biochanin A (BIO), daidzein (DAI), genistein
(GEN), formononetin (FOR), kaempferol (KAE), quercetin
(QUE), 6-methoxyflavonol (6MF), 7-methoxyflavonol
(7TMF), catechin (CAT), equol (EQU), enterodiol (EDO),
enterolactone (ELT), o-zearalanol (a-ZLA), [-zearalanol
(B-ZLA), zearalenone (ZEN), o-zearalenol (a-ZLE),
p-zearalenol (B-ZLE), coumestrol (COU), hexestrol (HEX),
and diethylstilbestrol (DES) were obtained from Sigma-
AldrichCo. (St. Louis, MO, USA). The stable-isotope
labeled internal standards (ISTD) daidzein-2,3,5,6-d4(4-
hydroxyphenyl-2,3,5,6-d,), genistein-2,3,5,6-d,(4-hydroxy-
phenyl-2,3,5,6-d,) and (:i:)-catechin-2,3»,4—13 C; were pur-
chased from C/D/N Isotopes (Pointe-Claire, Canada) and
Sigma-AldrichCo. L-Ascorbic acid, triethylamine (TEA),
a-glucuronidase/arylsulfatase from Helix pomatia, potas-
sium hydroxide, and derivatization reagents: N,O-bis(tri-
methylsilyl)trifluoroacetamide (BSTFA) with 1%
trimethylchlorosilane (TMCS), N-methyl-N-(trimethylsilyl)

Structure Compounds Cl1-C2 RI1 R2 R3 R4 R5 R6 R7
R, Flavones
Rg Chrysin CHR = OH OH O
Kaempferol KAE = OH OH ¢ OH OH
R, 0. Quercetin QUE = OH OH (0] OH OH OH
G 6-Methoxyflavonol 6MF = OCH; 0O OH
R Cp 7-Methoxyflavonol TMF = OCH; 0 OH
: 5 Catechin CAT OH OH OH OH OH
R; Ry
RI O\C Isoﬂ.avones.
-1 Biochanin A BIO = OH OH OCH; O
C, Daidzein DAI = OH (0] OH
R2 @\ Genistein GEN = OH OH O OH
R3 R4 s Formononetin FOR = OH OH OCH; O
Equol EQU OH OH
Rl O R4 Mycoestrogens
a-Zearalanol oa-ZLA - OH OH ~OH  -mCH,
C [-Zearalanol B-ZLA - OH OH —OH  —CH,
2
R2 C1 R3 Zearalenone ZEN = OH OH _0 —CH,
o-Zearalenol o-ZLE = OH OH .mOH  —CH,
[-Zearalenol B-ZLE = OH OH —~OH —OH
~ r2 Synthetic estrogens
/@/C'\Cz/@/ Hexestrol HEX OH OH
" ~ Diethylstilbestrol DES = OH OH
Lignans Coumestans
OH OH 0
o OH HO 020 OH O,
\ / OH
o 5 oadas
Enterodiol(EDO) Enterolactone(ELT) Coumestrol(COU)
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trifluoroacetamide (MSTFA), ammonium iodide (NH4I),
and dithioerythritol (DTE) were purchased from Sigma-
AldrichCo. (St. Louis, MO, USA). HPLC-grade methanol,
ethanol, fert-butyl methyl ether (MTBE), ethyl acetate
(EA), and diethyl ether (DE) were from Burdick and Jack-
son (Muskegon, MI, USA). Deionized water was prepared
using the Milli-Q purification system (Millipore, Billerica,
MA, USA).
Stock Solutions and Calibration Standards. Stock solu-
tions of the phytoestrogen analytes were prepared in metha-
nol at final concentration of 1000 pg/mL. For use as
calibration standards, 100 pL each of stock solution was
diluted in methanol in a total volume of 10 mL, and dilu-
tion series of 0.0001-10 pg/mL in methanol were prepared.
The internal standard mixture was prepared from com-
mercially available isotopically labeled (2H (D) or 13 O
standards: DAI-d;, GEN-d,, and CAT-">C were mixed with
methanol. One milliliter of these solutions were diluted
0.1 pg/mL with methanol (total volume of 10 mL). All
standard solutions were stored in 15-mL amber glass vials
in the dark at 4°C.
Sample Collection. The HFFs were collected from the
market in Korea. The collected HFFs are locally used for
relief of menopausal symptoms.
Sample Preparation. For the analysis of phytoestrogens,
HFF samples (10 mL for liquid samples, 2 mg for pow-
dered samples) were weighed and dissolved in 100 mL of
80% (v/v) aqueous methanol and then sonicated for
20 min. Aliquots (400 pL) of the solutions were placed in
glass test tubes, and 100 pL of internal standard (100 ng/
mL) was added. The mixture was evaporated to dryness
under a nitrogen stream at 40°C. Before enzymatic hydroly-
sis, the residue was dissolved in 100 pL of r-ascorbic acid
(100 mg/mL). One milliliter of 0.2 M sodium acetate buffer
(pH 5.2) and 50 pL of p-glucuronidase/arylsulfatase from
H. pomatia were added for enzymatic hydrolysis. The mix-
ture was incubated at 55°C for 3 h to hydrolyze glycosidic
forms of phytoestrogens to their aglycones. After cooling to
room temperature, the mixture was extracted with 2.5 mL
of MTBE by mechanical shaking for 20 min, and centri-
fuged at 2500 rpm for 5 min. Organic and aqueous phases
were separated by freezing. The aqueous phase was re-
extracted with 2.5 mL of MTBE, and extracts were com-
bined. Fifty microliters of TEA was added in each solution,
which was then evaporated to dryness under a nitrogen
stream, at 40°C. The vials were placed in a vacuum desic-
cator over silica gel/KOH for at least 30 min, and dry resi-
dues containing phytoestrogens were reacted with BSTFA/
1% TMCS by incubation at 80°C for 30 min to form TMS
derivatives for direct analysis by GC-MS.
Instrumental Conditions. Phytoestrogens were analyzed
on an 6890 Plus gas chromatograph coupled to a 5975
mass selective detector (MSD) equipped with an Ultra-2
(SE-54 bonded phase) fused-silica capillary column
25 m x 0.2 mm id., 0.33-pm film thickness) (all from
Agilent Technologies, Santa Clara, CA, USA), and
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operated in the electron-impact ionization mode. The elec-
tron energy was 70 eV, and the ion source temperature was
230°C in selected ion monitoring modes. Each sample
(2 pL) was injected in split mode (5:1) at 280°C; the oven
temperature was initially at 160°C and ramped to 270°C
(hold for 10 min) at 20°C/min, and finally to 300°C (hold
for 4 min) at 5°C/min. Helium carrier gas was set to col-
umn head pressure of 79 kPa (column flow: 1.0 mL/min at
160°C). The MSD ChemStation software (Agilent Technol-
ogies, G1701DA, D.02.00.275) was used to control spec-
trometer, data acquisition, and data processing. GC peak
identification—carried out on disc version—was achieved
by comparing the retention times and matching the abun-
dance ratio of three characteristic ions with those of indi-
vidual standards.

Method Validation. The method was validated according
to the guidelines of the US Food and Drug Administra-
tion.® The instrument was tuned with perfluorotributyla-
mine by using the auto-tune program. Calibration curves
were obtained to analyze blank samples spiked with stand-
ard mixture solutions of phytoestrogens. Calibration curves
of the 21 phytoestrogens were used for internal quantifica-
tion and were drawn at different levels, with nominal con-
centrations of 0.5-5000 ng/mL. Calibration controls across
the concentration range were processed to obtain the linear
regression parameter (> > 0.99 for all the compounds).
Calibration standards were used to assess the sensitivity
and linearity of the method. Accuracy and precision of the
method were tested using blank matrices (80% methanol,
v/v) spiked with phytoestrogens, and the quality control
samples were detected five times per day for five days.

Results and Discussion

GC-MS Analysis. Using GC for separation of phytoestro-
gens for simultaneous determination is particularly useful
because phytoestrogens have highly similar chemical struc-
tures. Various parameters such as initial temperature, hold-
ing time, ramping rate, and carrier gas flow were optimized
for all compounds. All phytoestrogens were well separated
and showed symmetric peaks in the total ion chromatogram
(Figure 2), permitting their identification, confirmation, and
quantitation. The retention times of 24 phytoestrogens,
including three internal standards, ranged from 6.3 min to
19.8 min within a 25.5-min run time.

For quantification, the characteristic ions of each phyto-
estrogen were determined as TMS derivatives in the
selected ion monitoring mode of the electron-impact ioniza-
tion. To maximize the sensitivity, the characteristic ions
were monitored in six different groups. Peak identification
was achieved by comparing the retention times and match-
ing the height ratios of the characteristic ions (Table 2).
Derivatization. Because of their polar and non-volatile
properties, phytoestrogens must be derivatized to make
them suitable for GC-MS analysis.’’ Usually, estrogenic
compounds are derivatized by TMS silylation with MSTFA
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Figure 2. Total ion chromatogram for 24 phytoestrogens includ-
ing three internal standards. Peak 1. HEX, 2. DES, 3. 6MF,
4. EQU, 5. 7MF, 6. EDO, 7. CHR, 8. FOR, 9. ELT, 10. a-ZLA,
11. B-ZLA, 12. ZEN, 13. BIO, 14. CAT, 15. a-ZLE, 16. DAI, 17.
B-ZLE, 18. GEN, 19. COU, 20. KAE, 21. QUE. *CAT-"*C,
**DAI-dy, ***GEN-d,.

or BSTFA.** In this study, various catalysts or additives
are added to improve the silylation efficiency. As silylating
reagents, MSTFA/NHL/DTE (1000:4:5, v/wt/wt) and
BSTFA/1% TMCS (100:1, v/v) were compared (Figure 3).
The reaction between MSTFA and NH4I produces tri-
methyliodosilane that acts as a powerful TMS donor.>
DTE is often added as an antioxidant to prevent addition
reaction with the free iodine generated.”® When using
MSTFA/NH4I/DTE, isoflavones yielded multiple peaks
because of incomplete steric hindrance of their keto group
at position 4, which may mean that the silylation was not
completed (Figure 3).32 On the other hand, BSTFA is more
volatile than many other silylating reagents, thereby caus-
ing less chromatographic interference. Since hydroxyl
groups at the hindered position were incompletely deriva-
tized by BSTFA alone, TMCS was added to increase the
silyl donor strength.”**> When we used BSTFA/1%
TMCS, a derivatization agent with multiple hydroxyl
groups,”” a single peak appeared and no interference was
observed, and the peak intensity was higher than in case
MSTFA/NH,/DTE was used. Therefore, BSTFA/1%
TMCS was used in further experiments. Having chosen the
derivatization reagents, the derivatization temperature and
time were optimized (Figure 4).

These conditions play important roles in derivatization
reaction yield. The effects of four reaction temperatures
(40, 60, 80, and 90°C) for 30 min were evaluated. Accord-
ing to the results, derivatization at 80°C yielded maximum
peak intensity and excellent reproducibility for all com-
pounds (Figure 4(a)). The influence of reaction time was
optimized by testing four reaction times (10, 30, 60, and
90 min) at 80°C. The result showed that peak height
increased with increasing derivatization time (Figure 4(b)).
However, no significant improvement in the yield was
observed when reaction times were longer than 30 min
(<8.3% increase in peak height from 30 to 90 min). For
efficiency, a reaction time of 30 min was selected. Thus,
further derivatizations were conducted with BSTFA/1%
TMCS at 80°C for 30 min.
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Table 2. Information on phytoestrogens as aglycones for
quantitation and confirmation

M. Number of Retention Selected
Compound W.  TMS group time (min) ion (m/z)
Group 1
HEX 414 2 68 207,399, 177
DES 412 2 69 412,397,383
Group 2 o
6MF 340 1 83 325,340, 282
EQU 386 2 8.7 192, 386, 371
TME 340 1 88 325340, 282
EDO 590 4 102 180, 500, 410
CHR 398 2 106 383,398, 311
Group 3 -
FOR 340 1 121 340, 325, 269
ELT 442 2 121 180, 442, 427
a-ZLA 610 3 122 433,538, 523
p-ZLA 610 3 125 433, 538, 523
ZEN 534 3 128 519, 534, 305
Group 4 o
BIO 428 2 129 413, 428, 370
CAT 650 5 130 368, 650, 560
sCAT-C 653 5 130 370,653, 563
a-ZLE 536 3 133 305, 536, 431
*DAL-d, 402 2 135 402, 387, 359
Group 5 o
DAI 398 2 138 308, 383, 355
B-ZLE 536 3 138 305, 536, 431
“GEN-d, 486 3 141 475, 403, 230
GEN 486 3 143 471,399, 228
Group 6 o
cou 430 2 172 412,397, 191
KAE 574 4 174 559, 574, 487
QUE 662 5 198 647, 662, 559

* indicates internal standards; quantified ions are underlined.

Enzymatic Hydrolysis. Phytoestrogens in HFFs are pres-
ent in their free form or various forms such as glucosides,
etherified glucosides, and aglycones.® Thus, hydrolysis is
essential to convert all conjugated phytoestrogens into agly-
cones, to analyze this single form by GC-MS. Compared
with enzymatic hydrolysis, DAI, CAT, EDO, and DES
were very sensitive to acidic hydrolysis, which easily broke
them down. Therefore, we used enzymatic hydrolysis in
further analyses. In this study, conjugated phytoestrogens
were hydrolyzed with p-glucuronidase, a member of the
glycosidase family, and arylsulfatase was added for hydro-
lyzing the sulfate forms of phytoestrogens.'”*’ Conjugated
phytoestrogens were incubated with B-glucuronidase/aryl-
sulfatase at 55°C for 3 h. For maximum enzyme activity,
the hydrolysis reaction was carried out under commonly
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Figure 3. Comparison of derivatization reagent with MSTFA/NH,I/DTE (left) and BSTFA/TMCS (right); (a) BIO, (b) FOR,
(c) DAI (d) FOR.

Time-->
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used condition. Phytoestrogens containing catechol groups on
the B-ring undergo oxidation as the hydroxyl group at posi-
tion 3 can react with other hydroxyl groups on the B-ring.”
Because of this intramolecular hydrogen bonding, 3'.4'-
catechol on the B-ring influences the hydroxyl group at posi-
tion 3. This may clarify the potent antioxidant activity of this
class of phytoestrogens.9’36 Therefore, aqueous L-ascorbic
acid solution was used to prevent oxidative degradation
before enzymatic hydrolysis, the effects of which are shown
in Figure 5. The pH for effective extraction of the compo-
nents from the hydrolyzed sample was tested. At this time,
pH was tested in a range of 5-7, and the best extraction effi-
ciency was obtained at pH 5.5. On the other hand, it was con-
firmed that the extraction efficiency decreased with increasing
pH. Thus, no further pH adjustment was performed after
hydrolysis at pH 5.2. Overall, extraction recoveries ranged
from 80 to 120%, and no significant decreases in daidzein
and genistein were observed (Figure 6).

Extraction. After enzymatic hydrolysis, LLE was used for
the selective separation of deconjugated phytoestrogens
from interfering components within the matrix. LLE is use-
ful for separating analytes from interferences by partition-
ing the sample between two immiscible liquids or phases.
The first step in the LLE optimization procedure was to
select extraction solvents. An optimum-polarity organic sol-
vent can be conveniently selected to extract phytoestrogens
from HFFs. MTBE (Polarity Index, P’ 2.5), DE (P’ 2.8),
and EA (P’ 4.4) were evaluated for their efficiency as
extraction solvents having different polarity. CAT and
EQU showed the lowest yield and low reproducibility
above 30% of the relative standard deviation (RSD) when
extracted with DE. EA, with higher P’ than others, showed
the lowest extraction efficiency of the three solvents. Mean-
while, MTBE showed good extraction efficiency with high
reproducibility for all compounds and was therefore
selected for further experiments.
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Figure 7. Effects of adding TEA before evaporation under nitrogen stream.
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Table 3. Calibration curves and validation results of overall method for phytoestrogens

Intra-day (n = 5) Inter-day (n = 5)

Recovery

Linearity Range LOD LOQ Precision Accuracy Precision Accuracy (n =175,
Compounds Calibration curve ) (ng/mL) (ng/mL) (ng/mL) (%CV) (%) (%CV) (%) %)
CHR y = 65.4360x — 0.1311 0.9992 2-200 2 5 3.8 93.4 14.7 78.4 109.1
KAE y =343150x — 0.1446  0.9993  10-1000 10 20 44 91 104 79 104.2
QUE y =23.6970x — 0.7676  0.9952  20-2000 20 50 35 129.1 9.6 129.2 89.5
6MF y = 132.6200x + 2.5126  0.9976  10-1000 10 20 2.5 104.9 2.8 104.4 102.9
TMF y = 136.2400x + 3.1772  0.9928 10-1000 10 20 4.3 116.2 14.1 106.8 88.8
CAT y =129.3100x + 0.0146  0.9961 0.5-50 0.5 1 7.9 105.6 11.9 110.4 105
BIO y = 43.1020x + 0.0062 1.0000  0.5-50 0.5 1 5.6 97.5 9.3 101.2 101.2
DAI y = 53.5352x + 0.0041 0.9996 0.5-50 0.5 1 4.1 99.8 5.5 96.3 114
GEN y =40.5140x — 0.0011 0.9998 2-200 2 5 44 102.8 8.8 96.3 111.8
FOR y =30.4430x + 0.0435  0.9987 1-100 1 2 4.7 103.4 2.9 100.8 83.2
EQU y =74.7990x + 0.1359  0.9985 1-100 1 2 2.8 110.8 13.5 98.5 105.5
a-ZLA y = 14.2840x + 0.0019 1.0000 1-100 1 2 4.3 112.7 12.4 102.6 110.3
B-ZLA y = 12.1580x — 0.0014  0.9999 1-100 1 2 5.1 114.1 94 104.1 98.4
ZEN y = 0.0423x + 0.0029 0.9915  20-2000 20 50 2.2 102.7 6.3 105.8 106.7
a-ZLE y =17.9516x — 0.0016 0.9998 1-100 1 2 3.6 100.6 6.4 108.7 112
B-ZLE y = 8.296x + 0.0470 0.9995 1-100 1 2 7.3 100.6 12.3 115.3 99.6
EDO y =45.7000x + 0.0444  0.9973 1-100 1 2 2.7 107.1 6.9 104.8 104.7
ELT y =19.3520x + 0.0102  0.9996 1-100 1 2 2.3 104.3 53 102.3 108.6
CcCou y =63.5390x — 0.0213  0.9997 0.5-50 0.5 1 2.2 106.4 4.8 103.7 87.9
HEX y = 324.3400x + 3.8300 0.9989 0.5-50 0.5 1 3.6 111 15.7 97.6 118.8
DES y = 132.5900x + 0.0062 0.9994 0.1-10 0.1 0.2 4.8 106.9 133 105.2 114.4

In the next step, various LLE extraction volumes were
tested. The concentration of analytes remaining in aqueous
solution decreases after several extractions with an organic
solvent. Thus, it is always better to use several small por-
tions of solvent to extract a sample than to extract with one
large portion.”” Improved efficiency of multiple extractions
drops rapidly as the total volume is subdivided into smaller
portions.*® Three extraction volume regimens were tested;
extraction with 2.5 or 5 mL twice, and extraction with
5 mL once. Extraction twice with 2.5 mL of solvent was
substantially more effective than extraction with 5 mL
once. Extraction with 5 mL twice resulted in loss of vola-
tile compounds because of the long time needed for evapor-
ating a large amount of combined extracts.

After extraction, TEA was added to the combined
extracts as an acid neutralizer for condensation reactions
and to prevent volatilization before evaporation under a
nitrogen stream. During evaporation, condensation of CAT
may occur by intermolecular C—C bond formation between
catechol rings.***° The effects of adding TEA are shown in
Figure 7; overall, the extraction efficiencies of all com-
pounds were improved.

Method Validation. The established method was validated
for linearity, limit of detection (LOD), limit of quantifica-
tion (LOQ), precision, and accuracy. A calibration curve
was generated for all reference standards using blank
matrix (80% methanol, v/v) at 16 different concentrations.
Phytoestrogens in validation samples were quantified using
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the ratios of the peak heights of the phytoestrogen to those
of the ISTDs. The proposed method was found to be linear
(¥ > 0.99) over the working range. The LOD and LOQ
were in the range 0.1-2000 ng/mL for all phytoestrogens.
Precision and accuracy were examined through analyzing
validation samples at four different concentrations for each
compound. Intra-day (n = 5) precision was 2.2—-7.9%, while
accuracy was 91.0-129.1%, and inter-day (n = 5) precision
and accuracy were 2.8-15.7 and 78.4-129.2%, respec-
tively. Recoveries were measured at the same four concen-
trations as precision and accuracy were obtained for each
compound (n = 5). The overall recovery was 83.2—-118.8%
for each phytoestrogen studied (Table 3). Good recoveries
were obtained for all phytoestrogens, ranging from 78.5 to
123.8% for the liquid-type and from 77.2 to 119.1% for the
tablet-type HFFs. These results indicated that our sample
preparation method was suitable for the analysis of phy-
toestrogens in various samples, despite the complexity of
the different matrices.

Analysis of Phytoestrogens in HFFs. To our knowledge,
this is the first report of a procedure to analyze various phy-
toestrogens in HFFs simultaneously. The established GC-
MS-based method was successfully applied to determine
phytoestrogens in HFFs. In this study, 59 types of HFFs
used for improvement of menopausal syndrome, including
30 liquid-type and 29 tablet-type HFFs, were analyzed.
These are complex extracts based on pomegranate, evening
primrose oil, propolis, soybean extract, and various other
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Figure 8. Total ion chromatogram of reference standard at 1 pg/mL (a), in liquid-type (b) and in tablet-type (c); Peak (1) CHR, (2) FOR,

(3) CAT, (4) DAL (5) GEN, (6) KAE, (7) QUE.

ingredients. The chromatograms of the samples are shown in
Figure 8. Table 4 summarizes the results. The concentration
detected in the real sample is the value to which the dilution
factor is applied. Among the phytoestrogens monitored, all

except 7MF and ELT were positively detected. More phy-
toestrogens were detected in liquids than in tablets. All of the
samples contained the flavone KAE, which was present at
concentrations of 0.284-1382.497 pg/mL in liquids, and of
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Table 4. Determined phytoestrogen contents in HFFs

Liquids (n = 39)

Tablets (n = 20)

Average Detection Average Detection

Compounds  (pg/mL) Range (pg/mL) frequency (%) (mg/g) Range (mg/g) frequency (%)
CHR 1056.87 4.009-3931.824 154 0.933 0.933 5.0
BIO 5.326 0.014-56.305 43.6 654.600 0.15-1963.4 15.0
DAI 170.737 0.017-12.104 89.7 10.298 0.149-60.800 90.0
GEN 202.817 0.059-1026.892 43.6 236.655 1.31-2147.706 55.0
FOR 139.789 4.155-1430.794 56.4 36.022 7.069-117.212 70.0
KAE 74.501 0.284-1382.497 100.0 57.870 1.106-1117.760 100.0
QUE 2090.505 1.862-8592.495 28.2 8.799 5.947-1117.650 10.0
6MF 154.906 154.906 2.6 N.D. - -
TMF N.D. - - N.D. - -
CAT 445.546 44.785-968.368 12.8 205.796 16.000-557.429 15.0
EQU 145.857 0.041-600.868 18.0 N.D. - -
EDO 9.898 0.032-32.000 10.3 N.D. - -
ELT 2713.165 10.250-24849.876 53.9 N.D. - -
a-ZLA 0.893 0.023-2.456 23.1 0.244 0.082-0.369 25.0
B-ZLA 1.469 0.540-2.954 12.8 0.105 0.208 5.0
ZEN 11594.705 54.560-54343.027 12.8 34.702 34.702 5.0
a-ZLE 7.016 0.729-21.948 18.0 N.D. - -
B-ZLE 600.873 13.092-2895.301 12.8 10.287 10.287 5.0
Ccou 0.983 0.047-2.178 10.3 N.D. - -
HEX 2.570 0.012-5.129 5.1 N.D. - -
DES 0.434 0.001-1.785 84.6 3.664 0.021-0.794 75.0

N.D., analyte was not detected.

1.106-1117.760 mg/g in tablets. Intake of KAE, mainly
found in fruits, broccoli, and many berries, is known to cor-
relate with a low incidence of ovarian cancer in postmeno-
pausal women, and KAE has been shown to sensitize cancer
cells to anti-cancer agents. Hence, it is currently considered
as a possible cancer therapy agent. DES, which acts as a full
agonist or antagonist of all types of estrogen-related recep-
tors, can be derived from anethole that is used as a flavoring
substance. It showed high detection frequencies above 80%,
although  generally at very low concentrations
(0.001-1.785 pg/mL for liquids, 0.021-0.794 mg/g for
tablets). KAE and DES were followed by the isoflavones,
BIO, DAI, GEN, and FOR, with high detection rates (>40%)
in both sample types.

The nutritional information on the HFFs did not clearly
show the content of each phytoestrogen component. Our
analysis showed that various kinds of phytoestrogens are
present in the HFFs. For the complex extracts mainly con-
taining pomegranate and evening primrose oil, FOR
showed a high detection rate, and CHR was mainly
detected in the complex extracts containing propolis as a
main component. Daidzein and genistein were found to be
more abundant than other isoflavones in soybean extracts.
Analysis of phytoestrogens has been generally focused on
isoflavones such as DAI and GEN, because these have the
highest biological activity and are the most widely
used.*'™° Analysis of a wide range of 21 phytoestrogen
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contents in HFFs has not yet been reported. Our results
support that there are various types of phytoestrogens in
HFFs, and that their contents vary greatly. As phytoestro-
gens can differ in their activities, our data may be helpful
in understanding the potential effects of specific phytoestro-
gens found in HFFs. Further, our data should be useful in
more accurately estimating the phytoestrogen intake in epi-
demiological and clinical studies and in designing high
phytoestrogen diets in clinical trials.
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