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Abstract

In this paper, an accurate and route method was developed to quantitative determine daidzein, genistein, glycitein, daidzir,-@wycitin, 6
acetyldaidzin, 6-O-acetylglycitin and 6-O-acetylgenistin contents in selected high and low isoflavones in nutrition supplements by on line
liquid chromatography—atmospheric pressure chemical ionisation mass spectrometry (LC-APCI-MS). Improved extraction and hydrolysis
methods of the isoflavones from three nutrition supplements were also studied and a rapid extraction method was developed. Comparison
different MS and MS spectra of isoflavones and some unknown compounds were also explored and proposed pathway fragments of nine
isoflavones were first systematically suggested.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Isoflavones; Nutrition supplement; APCI-MS; Proposed pathway fragments

1. Introduction fast separation of genistein, daidzein, biochaninA and
isoliquiritigenin, however, pseudobatigenin, formononetin
Many methods can be used to quantify isoflavones. Gasand biochaninA co-migrated in this system. In addition,
chromatography—mass spectrometry (GC-MS) is a commonsensitivity of this system relied on many factors and optimum
technique to identify and quantify isoflavones in soy and soy analytical signal for this system is not stable which resulted
foods[1]. Although this technique is sensitive and accurate, in the bad reproducibility and accuracy. High performance
it requires time-consuming purification, hydrolysis and the liquid chromatography{3-5] (HPLC) has a widespread
preparation of volatile derivatives, since the conjugated application in phytoestrogens research, and has proved to be
forms cannot be directly analysed by GC-MS. CE is a a highly effective analytical tool. HPLC method combined
relatively new separation technique compared to other chro-with ultraviolet absorbance (UV) has been extensively
matographic methods. This method can offer advantagesused for analyses of isoflavones of coumestrol, daidzein,
of a rapid, high-resolution separation (up td® 1Beoretical genistein, formonetin, and biochaninA in leguni@s7]. The
plates) with sample volumes in the nanoliter range, resulting weakness of these detection methods is their non-specificity
in excellent mass detection limits. Aramendia et [&] leading to the possibility of sample matrix interference.
explored the use of on-line CE-MS for separation and char-  Mass spectrometry is currently the most sensitive and se-
acterization of selected isoflavones. This method can providelective analytical method for the identification of unknown
compounds from crude and partially purified samples of nat-

* Corresponding author. Tel.: +86 28 854 22 566; fax: +86 28 8540 4578, Ural supplementf8] and has been applied to soy isoflavones
E-mail addressxia-zhao@126.com (X. Zhao). analysig9], Griffith and Collison[10] reported an improved

0021-9673/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.chroma.2005.03.066



L.J. Chen et al. / J. Chromatogr. A 1082 (2005) 60-70 61

Kl Rg
Malonyldaidzin g H

Malonylgenistn - OH  H

Kl Kg
Acetyldaidzin H H
Acetylgenastin OH H

Maonyllyeiin  H  OCH3 fcevigbmith  H - OCHj
H
i vl f
B2 B2
HO—C—CHy —C—0—CH; CHy—C—0—cHy ’
s
ne a 8
H HD o8
T Rl Ry
L 1 kg Daidzein H H
C?al.d;n H H CGenmstein o H
enistn. < O H
” Glyritein
Glycitin -~ g OCH3 i H OCHz .
H 31 0
B © R2
I e
cas TI1]
A0 | HO-

Fig. 1. Structures of isoflavones in soy food.

methods for the extraction and analysis of isoflavones by LC 2.2. Chemicals and materials

and LC-MS, but his work only focused on the analysis of

aglycone isoflavones in soy food and acetyl isoflavones were A Lurna RP Gg column, 150 mnx 4.6 mm (USA) with

not analysed. 5um packing was chosen for the sample analysis. HPLC
In this paper, an integrated approach consisting of HPLC, grade solvents of methanol, water, formic acid, acetic acid

LC-MS-MS has been used for the guantification and iden- and acetonitrile were purchased from Fisher Chemicals

tification of isoflavones in nutrition supplements and the (Loughborough, UK). Genistein, daidzein, glycitein and

principal objective was to development a route quantita- biochaninA were obtained from Aldrich. Genistin, gly-

tive and qualitative method to determine daidzein, genistein, citin and daidzin were obtained from Indofine (Somerville,

glycitein, daidzin, glycitin, genistin,’60-acetyldaidzin, 6-
O-acetylglycitin and 6-O-acetylgenistin contents in nutri-
tion supplements (see all structures of isoflavonddgn 1).

NJ, USA). Acetyldaidzin, acetylglycitin and acetylgenistin
were purchased from Plantech (Reading, UK). All sol-
vents were filtered using a vacuum filtration system (Mil-

A successful method for the quantitative determination of lipore) through a 0.4hm nylon membrane filter (Altech
nine isoflavones was developed by on line LC-APCI-MS. Associates, Lancashire, UK), and degassed prior to use.
The extraction and hydrolysis methods were also stud- Gases used included oxygen free nitrogen (OFN), he-
ied. Structural characterisations of unknown components inlium and air, which were purchased from BOC (Surry,
the nutrition supplements were explored. Comparisons of UK).

different MS and MS spectra of isoflavones and some Stock standard solutions were prepared by accurately
unknown compounds were also explored and proposed pathweighing, on a five-place analytical balance to the near-
way fragments of nine isoflavones were first systematically est 0.01 mg. 0.01 g daidzin, 0.01 g glycitin. 0.01 g genistin,

suggested.

2. Experimental
2.1. Apparatus
A Hewlett-Packard 1100 HPLC system (Hewlett-Packard,

Wilmington, DE, USA) was interfaced to a LCQ lon Trap
mass spectrometer (Finnigan MAT, San Jose, CA, USA).

0.01 mg daidzein, 0.01 mg genistein and 0.01 mg glycitein
were dissolved into 50 ml methanol solution and the final
concentrations were 2Q@/ml, separately. These solutions

were stable for at least 2 months at room temperature
and were used in recovery experiments with soy sam-
ple and preparation of working standards. Acetylglucoside
isoflavones were available in limited quantities and no sta-
ble in room temperature, so acetyl isoflavones forms were
always dissolved freshly into dimethyl sulfoxide (DMSO)

and diluted in a single step to final concentration prior



62 L.J. Chen et al. / J. Chromatogr. A 1082 (2005) 60-70

to use. All standard were kept in the ultrasonic bath for 3.2. Comparison of different extraction methods
10min to confirm the complete dissolving and stored at
0°C. Extraction of isoflavones from soy foods is a difficult
challenge. Extraction of isoflavone from soy supplements
has commonly been achieved with hot methanol and wa-
ter mixture with different ratios of volume. Eldridd#&1] re-
ported complete extraction by stirring soy samples in aqueous
. methanol for 4 h at 60C. After removal of the solid residue
23.1. Ext.ract|on procedures . by filtration, the filtrate was directly assayed for isoflavone
ApprOX|mat_er, 0'2.000 g of soy nutrition supplement was by HPLC without further sample treatment. But this method
accurately weighed into a screw cap 20 ml test tube. Fourresults in complete conversion of-©-malonyl — and 6-O-

milliliters of water_vyas added to the sample, and_ then 16 ml acetyl-isoflavones tB-glucoside and aglycone forms. Wang
volume of acetonitrile was added and. shaken bru_afly to mix. o4 Murphy[12] utilized acidified acetonitrile at room tem-
Sampl;e tube was exFracted for 40min on a sonic bath UN" berature for extraction of isoflavones from foods, but follow
der 25 C After 40 min, 1m| OT samples were centnfgggd this step was to remove the acidified acetontrile at less than
for 10 min at 200Q< g to pellet insoluble matter and el|m|-_ 30°C and then to dissolve the residue in 80% (v/v) methanol.
nate foam. A portion of the supernatant was rem_oved with This laborious procedure makes extraction and analysis of
a syringe, filtered through a 0.4n PVDF filter into a large numbers of sample difficult. In our study, acetonitrile,

samlple (\j”%l aﬂifgut_?ﬂ_wnh 80% acetomt:jlle o 1_”_” gn% ethanol and methanol were evaluated for their efficiencies in
ﬁnaé/lse fyh ' | '3 ex traction proce #;e m|n|rr|uze extraction isoflavones from soy nutrition foods. Extractions

andling of the samples during preparation. The sample Was, o e carried out with and without the addition of hydrochlo-
extracted directly by 80% acetonitrile and transferred to the

HPLG th . q d - ric acid, and acetonitrile as an extract solvent can obtain high
: system wit OUF evaporation procedure, an acetoni- concentration, so acetonitrile was chosen to be an extracting
trile was also the mobile phase solvent in on line HPLC-MS

. solvent. In the other hand, the sample can be directly sub-
analysis. jected to LC-MS without evaporation process because the
acetonitrile was chosen to be mobile phase solvent in our
2.3.2. LC-APCI-MS method analysis.

LC-ESI-MS and LC-APCI-MS were explored in our
study and LC-APCI-MS with negative mode was found to 3.3. The effect of supersonic time on the extraction
effect on the separation and quantitation. efficiencies

2.3. LC-MS separation conditions and quantitative
parameters

Supersonic bath extraction of sample can greatly shorten

2.3.3. Recovery experiment the time of extract but the temperature was controlled un-
Three samples of the soy nutrition supplements, eachder 25°C in order to avoid the desertification geglucoside

spiked with known quantities of reference standards in from acetyl glucoside form. Our studies indicate that the con-
low (0.5p.g/ml), middle (Swg/ml) and high concentrations  centrations of isoflavones maintain constant in 20-50 min of
(20p.g/ml), were together extracted according to the same gypersonic time. Too long supersonic time will result in the
extraction method. The isoflavones in these six samples weredeesterification of acetyl isoflavones. In order to avoid the
determined by LC-MS. The ratio of the found to the eXpeCted hydr0|ysis of acety| isoflavones in h|gh temperature, sam-

isoflavone contents in the spiked samples was the recoveryple should maintain at a room temperature in supersonic
efficiency of the extraction. period.

3.4. The effect of refluxing time on the extract efficiencies
3. Results and discussion
Most papers reported the determination of isoflavones
3.1. Chromatographic conditions and quantitation by refluxing sample in acidified methanol by converting all
method by LC-APCI-MS acetyl and glycoside forms into aglycone isoflavones. In our
study, hydrolysis of isoflavones was explored. After reflux-
An optimised separation method was investigated by ing 60 min, all acetyl isoflavones converted into their glyco-
LC-APCI-MS.Fig. 2 shows the separation gradient elution sides and aglycones. Increasing the refluxing time resulted in
programmes. the conversion of glycosides into aglycones. About refluxing
Fig. 2indicates that negative LC—-APCI-MS can provide 4 h, all glycoside isoflavones were converted to aglycones.
good resolutions for all isoflavone. On the other hand, the One important phenomenon was that the aglycone became
entire column flow was directly into the mass spectrometer unstable when the refluxing time was increased to 4 h, and
without the split of flow rate and a stable flow rate was guar- the concentration of genistein was found to decrease and
antied in all analytical processes. a new unknown peak was detected. Hence, the hydrolysis
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Fig. 2. LC-APCI-MS chromatogram of nine standard isoflavones. HPLC experimental conditions: reversed-phase columg:(byr)aX50 mmx 4.6 mm.

The column was held constant at 12% B for 10 min of the run, followed by a two-step linear gradient, to 30% B over 30 min, then to 90% B over 2 min. The
column was washed at 90% B for 6 min and equilibrated 10 min. MS conditions: vaporizer temperatuit@; $8€ath gas flow rate: 90 arbitrary; discharge
current: 5.0 V; capillary temperature: 170, capillary voltage—30KkV; electrospray voltage: 4.5kV.

time should be considered carefully. In our study, hydrolysis lower amounts of spiked standards. This was probably due
method was avoided due to this reason. to some impurities co-eluting in the nutrition food that were
significant at the lower spike levels. Precision can be defined
as the degree of agreement among individual test results and
can be evaluated by repeatability and reproducibility. The
repeatabilities and reproducibilities of the method were eval-

The validation of an analytical method was evaluated by tedb . tsi licate determinai th
accuracy and precision. The accuracy of a measurement jgfated by carrying out sixreplicate determinations on tne same

defined as the closeness of the measured value to the truéjay andsix on thrge different days. In the present study, inter-
value. Typically, accuracy is represented and determined byassay RSDs and intra-assay RSDs were also evaluated and

: o shown inTable 2
recovery studies and evaluated by standard deviation (SD) or Table 2shows that good repeatability and reproducibility

relative standard deviation (RSD). The recoveries of daidzin, btained b thod and b dqf fitati
glycitin, genistin, daidzein, glycitein and genistein were mea_ag:eormie:ggon y our method and can be used for quantitative

sured by adding six standard isoflavones into the soy base

nutrition supplements covering a range of concentrations

of 0.5-6p.g/ml. The spiked samples were then processed 3.6. LC-APCI-M3and LC-APCI-M8 studies of the

through the whole extraction procedure. Their concentrationsisoflavones structures of nutrition supplements

were determined by their individual standard curable 1

shows the results of recoveries. In our study, both LC-APCI-MS and LC-APCI-MS-MS
The method showed good recoveries that were closewith positive and negative ion modes were studied using a

to 100%. The mean recoveries of the individual standards Finnigan MAT LCQ ion trap, and the negative ion ionisa-

ranged from 102.7 to 111.0 for daidzein, 95.27 to 108.1 tion methods were deemed superior. Negative LC-ESI-MS

for glycitein. 97.27 to 104.0 for genistin, 93.50 to 100.4 gave a lower level of sensitivities for acetyl isoflavones com-

for daidzin, 92.36 to 101.7 for glycitin and 94.67 to 101.9 pared to negative LC-APCI-MS but the split has to be used

for genistein. The higher recoveries (>100%) were found for to lower the flow rate into mass spectrometer. LC-APCI-MS

3.5. Validation of analytical method
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Table 1

Recoveries of isoflavones in different concentrations

Recoveries (%) Daidzein Glycitein Genistin Daidzin Glycitin Genistein
2 1090 9998 9727 100 1017 9865
2 1110 1014 9995 1004 9236 9467
2 1014 1042 1016 1025 94.63 1024
2 99385 1025 9845 9767 9684 9987
2 1045 1078 9743 9845 1024 1004
Mean i=5) 10515 103176 9894 99804 97586 9920
SD 479 301 183 187 438 287
RSD (%) 455 292 105 188 449 239
1 1027 9527 1027 9364 9327 1010
1 1050 1052 104 935 9808 9969
1 1064 1053 1009 99.36 9851 9925
1 1067 1081 1004 9984 9751 1019
1 1100 1063 1035 1035 1027 1035
Mean fi=5) 1062 1040 1023 97.97 9801 1011
SD 267 504 159 432 335 172
RSD (%) 251 484 155 441 342 170
3 1023 9045 9786 9633 9485 9642
3 1053 1058 1006 9874 9665 9732
3 1068 1031 10Q2 9899 1008 1009
3 1028 1004 9842 9746 9833 9543
3 1043 1028 96.33 1013 9533 9945
Mean (i=5) 1044 1021 9868 9856 9719 9790
SD 192 280 175 186 243 224
RSD (%) 184 274 177 189 250 229

1, low concentration (0.pg/ml); 2, middle concentration (og/ml); 3, high concentration (20g/ml).

in negative ion mode was found better than LC-ESI-MS in isoflavones gave intense negative ion spectma/at 532.9
negative ion mode. So, LC-APCI-MS was used for qualita- for acetylgenistinm/z=546.9 for acetylglycitinm/z=517

tive and quantitative determination of isoflavones. Prior to foracetyldaidzinnvz=491 for genistinin/z=475 for daidzin
LC-APCI-MS analysis of real sample, parameters such asand miz=505 for glycitin (seeFig. 3). All isoflavones at
the source voltage, the sheath and auxiliary gas pressuresfree aglycone ion constituted the base peake/at 269 for

the heated capillary temperature, the vaporizer temperature acetylgenistin, genistin and genisteingréz = 253 for acetyl-
discharge current, electrospray voltage, and the tube lens off-daidzin, daidzin and daidzein andratz= 283 for acetylgly-

set voltage, were optimised by loop injection of a standard citin, glycitin and glycitein. Nine isoflavones were detected
solution (supplied by Finnegan) at 0.8 ml/min into the APCI in the sample and malonyl isoflavones were not detected in
sources, respectively. three nutrition supplement samples. Three unknown com-

In the analyses of isoflavones of nutrition supplements by ponents marked P1, P2 and P3, which have the same mass

full scan negative LC—-APCI-MS, Their molecular ion plus spectrum as acetylglycitin, were detected. In order to have
acetic acid of M — H+60]" ions of acetyl and glycoside enough information and identifications of the components

Table 2
Reproducibility of HPLC analysis of the soy nutrition supplements
Isoflavone Concentration (mg/g)

Within-day Between-days

Average (=5) SD RSD (%) Averagen(=5) SD RSD (%)
Daidzin 2079 0458 187 2133 070 419
Glycitin 14.78 0565 382 1492 032 909
Genistin 673 0086 127 710 026 7.35
Acetyldaidzin 5846 0394 Q67 5916 170 287
Acetylglycitin 537 0064 119 537 014 267
Daidzein 0827 0086 1039 062 024 7.94
Glycitein 0369 0014 379 235 007 283
Acetylgenistin 698 0090 129 695 019 274

Genistein 0154 Q008 519 237 005 193
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Fig. 3. TIC chromatogram of one soy supplement by negative LC-APCI-MS (experimental conditioRi).s2e

under analyses, LC-APCI-MSwas explored in our  were detected instead of ions dfl [- H]~ due to the use

study. of acetic acid in the composition of the mobile phase. For
acetyl isoflavones, the APCI-MSspectra exhibited their
3.6.1. LC-APCI-M3analysis of the acetyl isoflavones fragments M —H — 120]" and M — H — 90]~ characteris-

MS" has been used to determine flavonoids existing astic of the cleavage of th®-glycoside moieties when the ions
their glycosylated conjugates and their aglycone flavonoids of [M — H] ~ are parent ions=ig. 4shows the proposed path-
structure¢13]. Aramendia et a[8] determined the structure  way of their fragmentations according to the proposal path-
of isoflavones by using HPLC-APCI-MSThe LCQ can way of Claey.
perform MS operations in a step-wise manner, and precur-
sor ions are isolated prior to a subsequent'M$periment. 3.6.2. LC-APCI-M3and LC-APCI-M8 analyses of
Hence, the isolation step ensures that the fragmentation specglycoside and aglycone isoflavones
tra from next are less complex than traditional MS—MS data.  Glycoside isoflavones gave very similar fragments to the
Cunniff et al.[14] results have shown the powerful ability of acetylisoflavones whei[ — H]~ were selected as their pre-
MS" in exposing core flavonoids. In our study, LC-APCI- cursor ions and product ions were recorded by LC-APCI-
MS-MS was operated by a Finnigan ion trap and the operat-MS?. LC-APCI-MS studies of daidzein, genistein and
ing conditions applied were shownTable 3 glycitein can provide more information for their structural

The nomenclature used to define the various fragmentionselucidation and identification of unknown compounds. The
has been proposed by Claeys and co-workess For free results of extensive studies give scope as a molecular frag-
aglycones, the symboldA* and"B* are used to desig- mentation fingerprint with which to index and identify each
nate primary fragment ions containing A- and B-ring, re- target component within mixtures of unknown compounds.
spectively. The superscripts i and j refer to the bonds of For daidzein, glycitein and genistein, different collision en-
the C-ring that have been broken. These ions can lose smallergies were required to provide a satisfactory fragmentation
neutral fragments, such ag@ and CO. These supplement pattern, whilst retaining the presence of tivf H]~ pre-
ions are represented combinibgh* or "B* with the lost cursor ions. For daidzeimyz=224 and 225 appear as ma-
fragments. In order to obtain accurate product ion fragments jor fragments in the negative APCI-MSpectrum, implying
from the precursor ion, molecular ion dfl[— H]~ was cho- losses of CHO, and CO, respectively. This type of fragmen-
sen as precursor ion even though thef H-CHzCOOH]~ tation is indicative of phenol-containing compounds such as
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Table 3

Major ions of isoflavones acquired by negative mode LC-APCI-MS-MS

Isoflavones Precursor Supplement ions (relative intensities) Collision energy
Daidzin 415 142.3 (18), 143.5 (9), 236.6 (21) 252.3 (100), 253.4 (97), 295 (10). 319.2 (28), 415.2 (19) 35
Glycitin 445.4 124.8 (2), 268.3 (2), 282.2 (19), 283.2 (100), 325.2 (9), 355.2 (3), 430.2 (5), 445.4 (12) 30
Genistin 431.2 170 (1), 268.3 (100), 269.3 (67), 293.3 (1), 311.1 (16), 323.4 (3), 341.1 (5), 381.5 (1), 431.2 (11) 33
Acetyldaidzin 457.1 252.3 (100), 253.4 (73), 267.3 (4), 295.2 (27), 325.2 (4), 397.2 (5), 446 (4), 457.1 (5) 35
Acetylglycitin 487.3 268.2 (7), 282.3 (100), 283.2 (61), 325.2 (25), 355.2 (5), 427.3 (4), 472.2 (8), 487.3 (9)

Daidzein 253.2 152.3 (14), 183.3 (21), 197.3 (64), 209.4 (25), 223.4 (29), 224.3 (100), 225.3 (69), 235.4 (14) 45
Glycitein 283.2 240.3 (0.1), 266.2 (0.1), 267.5 (0.6), 268.2 (100), 283.5 (0.3) 32
Acetylgenistin 473.2 267.3 (1), 268.3 (100), 269.3 (20), 311.2 (9), 323.3 (1), 341.3 (6), 413.2 (3), 473.3 (6) 35
Genistein 269.2 169.2 (26), 181.2 (27), 197.2 (39), 201.2 (50), 213.2 (28), 224.3 (43), 225.3 (100), 241.2 (47) 45
P1 283.2 82.8 (0.6), 140.1 (0.5), 158.6 (0.5), 167 (0.5), 255.4 (1.3), 267.5 (0.6), 268.2 (100) 32
P2 283.2 126.5 (0.4), 137.9 (0.8), 159.7 (0.4), 162.3 (0.5), 214.8 (0.4), 267.5 (1), 268.2 (100), 283.2 (0.3) 32
P3 283.4 124.6 (0.4), 207.2 (0.2), 219.3 (0.3), 267.3 (2.1), 268.2 (100), 272.9 (0.4), 283.4 (0.2) 32

baicalein, daidzein, genistein and chrysin. The appearance ofwas detected insteadimfz= 135. The ion ofvz=91 isavery
m/z= 196 may suggest a further loss of CO or CHO from the important fragment of the structure elucidation of flavonoids
other phenolic group. A notable ion az=197 may imply and isoflavones since this fragment results from the ion of
a loss of CO fromm/z=225 and rearrangement. the B-ring, which indicated an OH group in the B-ring of
Aramendia have suggested a fragmentation pathway fordaidzein, but the signal of ion aw/z=91 is very weak for
genistein and daidzein relating to ionsnaz 135 and 91 by  daidzein in our case The ion ofz= 181 is possibly formed
negative APCI-MS—-MS, but in our case, the iomw= 133 by the loss of O fromm/z=197 and the ion ofiz=153 is

oH

M-H-120T

[M-H-42-162]

Ry Rz m/z
Acetyldaidzin = H H 457
Acetylgenisin O H 473
Acetylglyciin H OCH3 487

Fig. 4. Proposed pathway fragmentations of acetyl isoflavones.
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further loss of CO frormvz=197. According to our eluci-
dation, the ion oh/z=197 may imply one OH group in the
A-ring from daidzein and the ion af¥z=213 should be ob-
served from the mass spectrum of genistein in its APCEMS
due to two OH groups in the ring B.

the same conditions of APCI-MSwere used. As a rule,
isoflavones with a methoxy group (biochaninA, glycitein and
glycitin) exhibit one fragment ion atvz=[M — H-CHz]~
when a high extraction cone voltage is used. In order to fur-
ther investigate the structure information especially for the

The MS fragmentation mass spectrum of genistein shows unknown compounds, further MSstudies of the glycitein
similarities to that observed for daidzein and the ions of and unknown peaks 1-3 were performed.

m/z=225 and 197 are observed as expected since the two

compounds are very similar. However, the iom#z=106.8

is observed with a very weak signals insteadwf 91, in-
dicating two OH groups in the B-ring of genistein. From
the mass spectrum of genistein, the fragmentsvat 225
and 224 indicate respective losseswt= 44 and 45, which
could be the losses of GOor CH,CHOH, and CGH or
CH3CHOH. The fragment ofVz 213 is observed as we ex-
pected and may result from the loss of CO fromz=241
and imply two OH groups in the ring A. So, it is possible
to differentiate the daidzein and genistein fromthie=213

3.7. LC-APCI-M8 Analyses of glycitein, peaks 1-3

For the glycitein, as we expected, the negative APCI-
MS2 mass spectrum only gave the base peaknaf= 268
and peaks 1-3 exhibit the same mass spectra as that of
the glycitein in negative APCI-M5S These fragments are
not enough to differentiate them. Further inspection of
glycitein peaks 1-3 were acquired by performing MS
on the base product ions resulting from the M®eaks
1-3 gave the same precursdv f H]~ at mz=517 ion

ion. Further inspection of the daidzein and genistein standardand product ion atwz=283. We can conclude that peaks

solutions were acquired by performing M&nd MS' anal-
ysis on the base peak product from the M$udy. Indeed,

1-3 all are isomers of acetylglycitin. However, the dif-
ferences of their structure can still be obtained by their

we can obtain significant value in ascertaining differences or MS® spectra. For peak 1, the mass spectrum of nega-

similarities between identicai/z results of the two different
compounds by using M&o MS*. The proposed pathways
of aglycone isoflavones were suggested and showigirb.
The negative LC-APCI-MSmass spectrum of glycitein
only gave a strong ion atVz=268 M — H-CHg] ~, even in-

tive APCI-MS® gives a very different pattern from that of
glycitein, indicating their different structures. We cannot
elucidate the structure of peak 1 due to low concentration.
We can still conclude that peak 1 belongs to tHeGs
acetyl glycoside due to the precursor presence of fragment of

creasing the collision induced energy (CID) to 45%. This [M —H-CHzCO— 162]" and peak 1 is the isomer of acetyl-
result was also observed in the unknown peaks 1-3 whenglycitin. These fragments are not enough to differentiate

F=H mn/z=225 l
R=0H w/z=241

F=H Daidzein
E=0H Genistein

Fig. 5. Proposed pathway fragmentations of aglycone isoflavones.



68 L.J. Chen et al. / J. Chromatogr. A 1082 (2005) 60-70

Table 4
Major ions with relative high intensities acquired by negative LC—-APCEMS
Component First-stage precursor  Second-stage precursor  Third-stage precursor ion and intensity (%)
ion and CID (%) ion and CID (%)
Daidzein 253 (44) 225 (40) 95.1 (71), 115.1 (16), 169.3 (100), 197.2 (54), 200.4 (13), 215.2 (8)
Genistein 269 (42) 225 (40) 180.3 (61), 181.7 (59), 195.3 (100), 197.1 (65), 211.4 (38)
Glycitein 283 (35) 268.3 (35) 224.4 (3), 239.5 (7), 240.3 (100), 267.3 (7), 268.2 (9)
Peak 1 283 (34) 268 (35) 187.9 (2), 203 (3), 213.6 (2), 224.3 (7), 239.1 (4), 240.2 (100), 267.3 (4), 268.0 (3)
Peak 2 283 (34) 268 (35) 157.3 (2), 212.3 (3), 239.4 (3), 240.3 (100), 253 (2), 267.4 (2) 268.1 (6)
Peak 3 283 (34) 268 (35) 224 (5), 239.3 (9), 240.2 (100), 267.2 (1), 268.1 (5)

them. Further inspection of their structural identification need pounds is still difficult without the aid of reference ma-
be done. terials, we can still get some useful structure information
The MS experiments of the ion atVz=283 of peaks of unknown compoundsTable 4 shows their major ions
1-3 display product ions due to the losses of 15 {C129 with relative high intensities acquired by negative LC-APCI-
(CHO), and 28 (CO), representing a methylated flavonoid. MS? and Fig. 6 shows the proposed pathway fragments of
Attempts were made to elucidate the structure of the ion glycitein.
at m/z=283 on the basis of its products. For this purpose,
we compared the MSdata of the standard methylated 3.8. Linear response curve for LC-APCI-MS analysis
isoflavones glycitein; 1 — H]~ 283 Da) with those of the
ion at m/z=283 of peaks 2 and 3. We found that the MS Most quantitative determinations of isoflavones in foods
mass spectrum of peak 3 is very similar to that of glycitein. or nutrition foods were measured in aglycones after the
On the basis of these pieces of evidence, peak 2 is pro-hydrolysis and only six standard materials were needed
posed to be 5-methoxy-acetyldaidzin. We could not eluci- instead of 12[16-17] However, our studies of optimi-
date their structures merely based onM@d MS data, sation extraction of isoflavones indicate that some un-
but we could conclude that peaks 2 and 3 are all isomer of known compounds will hydrolyse to aglycone isoflavones
acetylglycitin. Although the elucidation of unknown com- and inaccurate results could be obtained. In present study,

mfz=184

m/z=260 0
w283 m/z=212
Retro B -COH
Diels-Alder O“T <0
-0
5 o
HO
CHg S 0
o mz=132
1.3 A-m/z=165 n/2=230

m/2=223

Fig. 6. Proposed pathway fragmentations of glycitein.
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Calibration for glucoside isoflavone
700 A y = B0.224x
600 - o o . R*= 09993
5 500 - 4 Daidzin m Glycitin~ Genistin y=47632x
g 400 - R*= 0992
300 - -
-~ 3"'_ D;QQQ;
100 A B
0+ T T T T T ‘
a 2 B G g 10 12
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o
b 12
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A . . Py z
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i ¢ o
F00 A Acetylgenistin y =25 578x+ 86191
& 600 1 R®= 099%
500 A
H 400 -
o 300 1 y=9.0008x + 1.59865
200 1 R?= 08993
100 A
0 - T T T T T )
0 ] 10 15 20 25 30
(©) concentraion(ugimi)
Fig. 7. Calibration curves for isoflavones.
Table 5
Isoflavone concentration of the soy supplements in ground samples
Supplement Supplement (powder) Supplement 2(capsule 0.7289 Supplemerit
(mg/gp (mg/capsulé) (powder) (mg/d}
Daidzin 2079 5.084 415
Glycitin 14.78 2.582 2598
Genistin 673 1.542 0858
Acetyldaidzin 5846 0.605 1208
Acetylglycitin 537 0.302 1738
Daidzein 0827 0.059 ®B44
Glycitein 0369 0.016 @16
Acetylgenistin 698 0 103
Genistein 54 0.014 n14
Total isoflavone 115 Total isoflavone: 10.20mg 23
Quercetin: 49.80 mg
The values provided by manufacture 100 Total isoflavone: 15 mg 20

Quercetin: 50 mg

2 Mean value of the triplicate.
b Weight of the capsule itself is not included.
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