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Abstract

An automated method using solid-phase extraction (SPE) for the concentration and clean-up of soy isoflavone extracts is proposed in thi
work. Using a standardized sample (0.1 g of a freeze dried soybean extract/25 mL of water); eight SPE cartridges with a wide range of sorbent
(Cys, divinylbenzene and modified divinylbenzene) from different suppliers were evaluated and compared. A large variation on SPE cartridges
performance was observed, especially regarding retention and breakthrough volume of isoflavones during sample load and washing steps. T
most effective cartridges were the divinylbenzene based cartridges, especially Strata X (from Phenomenex) and HLB oasis (from Waters)
Using Strata X cartridges, several extraction parameters, such as sample loading flow (5—-15HLaxiracting solvent volume (2—-6 mL
of methanol), pH of the extracting solvent and the necessity of drying the sorbent before elution, were evaluated to provide a fast, specific
guantitative and reproducible SPE method. The optimized method consists of conditioning the cartridge with 10 mL of methanol and 10 mL
of water (10 mL mirt?), loading 25 mL of the standardized extract onto the cartridges (5 mt¥piwashing the cartridge with 10 mL of
water (10 mL mirtt) and finally eluting with 4 mL of methanol (10 mL mity). Mean isoflavones recovery was 99.37% and mean intra- and
inter-day reproducibility was higher than 98%. The developed sample clean-up/concentration (6.25:1) method takes less than 10 min and ce
be used in the analysis of isoflavones from soy extracts.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction using new technologies, like ultrasound assisted extraction
[4,5], supercritical fluid extractiof6,7] and pressurized lig-
Isoflavones are naturally occurring phenolic compounds uid extraction8,9]. However, a common drawback of these
found in soybeans. There are 12 main isoflavones in soy-extraction methods is that additional clean-up procedures are
beansFig. 1): genistin, daidzin, glycitin and their respective often required before chromatographic analys-12]
malonyl, acetyl and aglucone fornfl. The interest in soy Solid-phase extraction (SPE) is a simple sample prepara-
isoflavones is increasing due to health claims related with thetion technique that can be used to clean-up extracts as well
consumption of soybeans, such as prevention of certain can-as for extracting/concentrating soy isoflavones from liquid
cers, reduction of cardiovascular disease risk and improve-foods and extracts. Although SPE applications for the anal-
ment of bone health. The isoflavones are thought to be re-ysis of isoflavones from blood, plasniB3], urine[14] and
lated with these health protective effects, although the action serum[15] are relatively common, only a few works explored
mechanisms are yet to be identifig]3]. the SPE potential for the analysis of isoflavones from foods
Several extraction methods for these compounds haveand most of them in the last 5 years.
been proposed, from classical soxhlet and stirring to methods Mitani et al. [16], for example, proposed an automated
on-line in tube solid phase microextraction coupled to high-
%ted at the Fourth Scientific Meeting of the Spanish Society of per_formanc_e IIq!,lld chromgtog_ra_phy (HPLC)forthe dEterr-m-
Chromatography and Related Techniques, Madrid, 5-7 October 2004. hation of daidzein and genistein in soy foods. Also, an on-line
* Corresponding author. Tel.: +34 956 016360; fax: +34 956 016460.  SF E and HPLC-MS method was used by Doerge ¢18),
E-mail addressmiguel.palma@uca.es (M. Palma). for the determination of isoflavone content of standardized
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There are several new polymeric sorbents available that

o o has not been evaluated for soy isoflavones. Selection of the
o on— i__o " most adequate solid phase is one of the most time consuming
7 o-1H° o part of the method development. There is almost no informa-
o @ O ! tion on the performance of these adsorbents for isoflavones.
o D R2 b O ‘ o In thi_s work, we have compart_ad and evaluated several SPE
cartridges to develop afast, reliable, and automated SPE con-
centration and clean-up method for soy isoflavone extracts.
Malony! Acetyl Glucoside Aglucone
- — - 2. Materials and methods
N Conjugate Forms i Aglucone Forms .
2.1. Chemicals and solvents
Isoflavone Symbol R1 R2 R3
Genistein e " " on Methanol (Merck, Darmstadt, Germany), and ethanol
Daidsein 0o 9y 9y Y (Panreac, Barcelona, Spain) used were HPLC grade. Ultra
pure water was supplied by a Mili-Q water purifier system
Glycitein Gle H OCH, H from Millipore (Bedford, MA, USA). Isoflavones were pur-
Genistin Gi CeOgH, H OH chased from LC Labs (Woburn, MA, USA) and stored at
Daidzin Di C.OH,, H H —32°C. Purity of isoflavone glucosides and aglucones was
Glycitin aly oM, ocH, " h_igher than_99%, and purity of malonyl and acetyl quco-_
Acelylgenistin A G0, +COCH, y on sides was higher than 98%. Stock solutions were prepared in
methanol and stored at32°C.
Acetyl-daidzin  ADi C4O;H,,+COCH, H H
Acetyl-glycitin - AGly C,O.H,,;+COCH, OCH, H 2.2. Sample
Malonyl-genistin ~ MGi  C,O;H,,+COCH,COOH H OH
Malonyl-daidzin  MDi  C,O,H, +COCH,COOH  H H In order to evaluate the SPE method performance with ac-
Malonyl-giycitn  MGly  C,O.H, +COCH,COOH  OCH, H curacy, variation produced by the solid—liquid extraction of

the isoflavones from the soybeans was eliminated by using
a standardized extract with known isoflavone concentration.
It was obtained by solid—liquid extraction of ground soy-
beans on an ultrasonic bath of 360 W (J.P. Selecta, Barcelona,
animal chow. Besides of these methods, a trace determinatiorSpain) using an adapted extraction protocol based on a previ-
method for genistein and daidzein in infant formula powders ous work[5]. The analytical protocol was scaled up to obtain
using SPE was recently propoddd]. a large amount of extract and consists of extracting approx-

With the aim of cleaning the sample, Genovese and La- imately 10 g of ground soybeans in 250 mL of 50% ethanol
jolo [18] employed a simple SPE method with a polyamide for 30 min at 60°C. Extractions using this protocol provided
sorbent in the determination of isoflavone concentration 1L of soy extract. The extract was centrifuged for 10 min, fil-
in soy foods consumed in Brazil. Another simple method tered through filter paper and freeze-dried. The resulting fine
was used by Wang and Sporrjd9] for the extrac- powder was stored at32°C. The standardized extract used
tion of isoflavones from soy foods before matrix-assisted throughout the development of the SPE method consists of
laser desorption/deonization time-of-flight mass spectrome- 0.1 g of this freeze-dried extract dissolved in 25 mL of water.
try (MALDI-TOF MS) analysis. Rather than propose a SPE Concentrations of isoflavones in the freeze-dried extract are
method, these authors employed the technique to provideshown onTable 1
a clean concentrated extract to be used in the chromato-
graphic analysis. Unfortunately, the SPE methods were not2.3. Solid-phase extraction
evaluated.

Regarding the performance of SPE cartridges, Klejdus et  The development of the SPE method was performed on
al. [20] compared classical sorbents and a new polymeric a Zymark Rapid Trace (Caliper, Hopkinton, MA, USA)
sorbent (e.g. Water Oasis HLB extraction cartridges) for de- automated system. Selection of an adequate cartridge was
termination of isoflavones in red clover. The use of polymeric based on evaluation and comparison of eight different car-
sorbents for sample pre-treatment enabled higher recoveriestridges from several suppliers. The cartridges sorbents ranged
higher reproducibility, and lower consumption of plant mate- from conventional @ based to new polymeric sorbents.
rials for the HPLC analysis than classical sorbents. The sameTable 2 shows their main characteristics. An initial SPE
authorg21] used a similar SPE method for identification of protocol was used to evaluate all SPE cartridges: after car-
isoflavones conjugates in red clover extracts. tridge conditioning with 10 mL of methanol and 10 mL

Fig. 1. Chemical structure of soy isoflavones.
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Table 1
Isoflavone concentration of the freeze-dried soy extract used for obtaining the standardizedrexact (

Isoflavone concentrationug g—1)
MDi MGly MGi ADi AGly AGi Di Gly Gi De Gle Ge
5221+ 80 1330+ 20 5624+91 268+8 279+8 285+ 3 4626+ 89 1194+ 24 67214+ 92 143+5 190+ 7 114+ 4

of water (10 mL minl), 25 mL of the standardized extract tively. The standardized extract used as sample throughout
were loaded onto the cartridges (5 mL mi); and washed  the development of the SPE method was analyzed daily and
with 10mL of water (10 mLmint). To guarantee com- all peak areas compared. Within the time frame of the work

plete elution, two elution steps with 5mL of methanol each Vvariation of peak areas of all isoflavones remained lower than
(10mL min1) were used. Sample and wash residues were 2%.

collected and analyzed to evaluate losses during these steps.

2.4. High-performance liquid chromatography 3. Results and discussion

AHPLC-UV Waters system, consisting of an autosampler 3.1. Comparison of SPE cartridges
(717 plus), pump controller (600S), pump (616), and a pho-
todiode array detector (996) was used for chromatographic  The first step in the development of the SPE method was
analyses. Isoflavones were separated on two coupled in sethe selection of the most appropriate SPE cartridge. Using the
ries monolithic type columns (Chromolith TH Performance standardized extract and the initial SPE protocol (see Section
RP-18e, 4.6 mm, 100 mm, Merck, Darmstadt, Germany) us- 2.3), all cartridges were evaluated and compared. Relative
ing a mobile phase of acidified water (0.1% acetic acid) (sol- isoflavone concentration on sample residue, wash residue and
vent A) and acidified methanol (0.1% acetic acid) (solvent B) recoveries obtained with essayed SPE cartridges are shown
with a flow-rate of 0.8 mL/min. The gradient was as follows: in Table 3 These values are relative to the amount of each
0min, 30% B, 7min, 40% B, 15 min, 50%, 25 min, 50% B. isoflavone in the standardized extract (100%).
UV absorbance was monitored from 200 to 400 nm. Injection  In all eight cartridges, total isoflavone content could be
volume was 1QL. Samples were filtered through a 0 48 accounted for, either on the sample and wash residues or in
syringe filter (Millipore) before injection. The software for the final elution step.
control of equipment and data acquisition was Millenium The presence of isoflavones in the sample and wash
version 2.1. residues is indication of an inadequate retention by the car-

Identification of isoflavones was achieved by comparison tridge sorbent. As can be seen, there are great differences in
of retention times and UV spectra of separated compoundsthe retention of isoflavones within essayed SPE cartridges.
with authentic standards. Quantification was carried out by While some cartridges retained all isoflavones, others had
integration of the peak areas at 254 nm using the externalsevere isoflavones losses during sample loading and washing
standardization method. Response was linear between 0.-teps.
and 50 mg - (seven points curve) for all isoflavones and The cartridges EN and C18E, for example, presented a

regression coefficients4) were higher than 0.9998. very low and variable retention capability. The EN cartridge
Quantification limits were calculated using ALAMIN retained between 60 and 80% of glucosides, between 18 and
softwarg22]. Quantification limits (mg £ 1) for daidzin(Di), 24% of malonyl glucosides, between 19 and 30% of acetyl

glycitin (Gly), genistin (Gi), malonyl daidzin (MDi), mal-  glucosides and between 27 and 57% of aglucones. The C18E
onyl glycitin (MGly), malonyl genistin (MGi), acetyl daidzin  cartridge retained between 71 and 85% of glucosides, be-
(ADi), acetyl glycitin (AGly), acetyl genistin (AGi), daidzein  tween 30 and 40% of malonyl glucosides, between 22 and
(De), glycitein (Gle) and genistein (Ge) were 2.40, 2.65, 2.76, 64% of acetyl glucosides and between 67 and 98% of aglu-
2.53, 2.40, 2.40, 2.80, 2.74, 2.87, 1.33, 3.14, 2.76, respec-cones.

Table 2

Characteristics of evaluated SPE cartridges

Commercial brand Abbreviation Solid phase Amount of solid phase (mg) Supplier
Bond Elut C-18 VC18 Octadecyl silica 500 Varian

Bond Elut ENV VEN Styrene-divinylbenzene 200 Varian
Discovery DSC-18 DSC18 Octadecyl silica 500 Supelco
Strata C-18E C-18E Octadecyl silica 500 Phenomenex
Strata SDB-L SDBL Styrene-divinylbenzene 200 Phenomenex
Strata X Strata X Modified divinylbenzene 200 Phenomenex
LiChrolut EN EN Ethyl-vinyl-benzene styrene-divinylbenzene 200 Merck

Oasis HLB HLB Divinyl-benzene-cdvinylpyrrolidone 60 Waters




Table 3

Relative isoflavone concentration (#RSD) on sample and wash residues and recoveries obtained with essayed SPE camtridyjes (

Solid phase  Steps Relative isoflavone concentratiost: @6D)
MDi MGly MGi ADi AGly AGi Di Gly Gi De Gle Ge
VC18 Sample residue - - - - - - - - - - - -
Wash residue 11316 - 41+08 - - - - - - - - -
Recovery 88.8- 1.9 100.7+1.2 955 0.8 98.3+26 98.6+1.2 99.2+1.3 100.0£0.8 101.2+1.2 99.8+0.6 99.6+2.1 100.8+1.4 99.5i1.§
DSC Sample residue — - - - - - - - - - - - P
Wash residue 9443 - 43+16 - - - - - - - - - a
Recovery 91.0+ 4.2 100.5+1.5 96.0- 2.7 99.4+12 98.3+0.5 100.1+2.7 100.1+1.0 100.8+1.0 100.1+0.4 99.7+2.1 98.7+3.4 100.31%2
C18E Sample residue 59834 54.6+59 52.# 0.3 34925 76.9+£9.3 53.2+35.5 20.8%+3.1 27.2+13.1 11.6%£5.0 31.4+36 - ,8,
Wash residue 10.2 4.7 5.1+50 8.0+ 38 - - - 26+31 - 1.0+£1.0 - - - =]
Recovery 29.5£ 2.0 39.7+6.1 3841 642424 22.0+-84 46.5+-341 74440 71.8-11.3 85 A46.8 67.3+:35 98.9+-09 98.7+15 =
Strata X Sample residue - - - - - - - - - - - - Q
Wash residue - - - - - - - - - - - - 1<}
Recovery 100.4t 0.3 100.4+0.4 99.2- 0.6 99.2+10 99.8+0.6 99.8+0.6 100.1+1.6 100.7+1.8 100.5+0.6 100.2+1.0 100.5+1.1 99.3103
o
HLB OASIS Sample residue — - - - - - - - - - - - <
Wash residue - - - - - - - - - - - - i
Recovery 99.8+ 1.5 100.7+0.8 100.2 0.2 100.2+0.8 99.8+0.6 100.9+0.6 989+16 99.0+1.0 99.5+0.9 100.8+0.2 98.1+x12 99.3:2§
o
EN Sample residue 802 3.4 758+17.4 78.&5.1 79.6x1.0 65.7£16.3 69.4+1.0 225+3.4 38.9+6.2 18.9+4.1 50.0£2.5 97.8+£3.3 42.0+3:
Wash residue 1429 - 08+04 - - - - - - - - - 8
Recovery 18.6-t 54 239174 202 6.7 19.1%+2.6 31.7+17.8 27.9+0.7 76.5+£3.1 61.0£5.5 80.1+4.3 495+2.38 57.1+£2.2 i:/
VEN Sample residue - - - - - - - - - - - - '|5
Wash residue - - - - - - - - - - - - =
Recovery 97.2t 4.4 99.3+0.9 99.5£ 0.8 98.9+0.9 99.0+£0.5 98.6+1.3 99.6+0.3 99.7+1.0 99.2+1.4 100.1+0.8 99.8+0.5 98.2+1.1
SDBL Sample residue - - - - - - - - - - - -
Wash residue 9.4 36 - A43+15 - - - - - - - - -
Recovery 91.0- 4.2 100.5+1.4 96.6t 3.6 99.4+1.3 98.3+x14 100.1+0.6 100.1+1.2 100.8+1.4 100.1+0.8 99.7+x1.4 98.7+0.8 100.3+£1.3

Steps: sample: 25 mL of standardized extract; wash: 10 mL water; recovery: 5 mL MeOH; SPE 2: 5 mL MeOH (isoflavones were not detected-enri@iPEe2gcted.

€11
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Fig. 2. Losses of isoflavones detected in the sample residue during sample loading with selected SPE carti@gesionyl (mean relative concentration
of MDi+MGly + MGi), acetyl (mean relative concentration of ADi+ AGly + AGi), glucosides (mean relative concentration of Di+ Gly + Gi) and aglucones

(mean relative concentration of De + Gle + Ge).

In contrast, cartridges DCS, VC18 and SDBL retained E cartridges were discarded as option to be used in the
approximately 100% of all isoflavones, except for MDi and method.
MGi (90 and 95%, respectively). Losses of these isoflavones
took place only during washing. The observed losses are annation of the breakthrough volume of the selected cartridges.
indication that malonyl isoflavones are not properly retained This was achieved by increasing the sample amount (from
in some sorbents, and therefore, high sample load and wasi25 mL of the standardized extract to 100 mL) to an extent
that losses can be observed, indicating saturation of the sor-
The cartridges Strata X, HLB Oasis and VEN, had bent bed.
an excelent performance, retaining approximately 100% of
all isoflavones with no observable losses. Based on thewill take place during sample loading and washing steps as
losses of isoflavones during sample loading, EN and C18- observed for some cartridges. The breakthrough volumes in

flow rates could increase losses during these steps.

Table 4

Effect of sample loading flow on sample residue isoflavone concentratiod)(

The next step in the method development was the determi-

A high breakthrough volume will guarantee that no losses

Sample loading flow (mL min?)

Relative isoflavone concentration on sample residue-(sD)

MDi MGly MGi Di Gi

5 — - — - -

10 75+£1.2 - 5.6+1.3 - -
15 15.9+2.0 1.921.0 11.5+1.0 2,616 3.5+0.3

Solid phase: Strata X; sample: 25 mL of standardized extract; isoflavones ADi, AGly, AGi, Gly, De, Gle and Ge were not detected on the sample residue with

all sample loading flow rates;: not detected.
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terms of concentration in the sample residue of the selected
SPE cartridges are shownkiig. 2 The values are relative to
the total isoflavones in the standardized extract (100%).

The Gg based sorbents (VC18 and DSC) presented a
low breakthrough volume (35mL). The breakthrough vol-
ume for polymeric sorbents VEN, SDBL and HLB Oasis
was 55 mL. The HLB Oasis cartridge had a surprisingly high
breakthrough volume since it has the lowest sorbent bed mass
(60 mg) compared to another cartridges (200-500 mg). How-
ever, the best cartridge was without doubt Strata X (break-
through volume =95 mL). Even with such high sample vol-
ume, only small malonyl forms losses (<1%) were observed.

Higher losses of malonyl isoflavones may be due to its
higher concentration and molecular mass or more possibly
to a combination of these two factors. The small pore size of
the sorbents makes it less accessible to large molecules such
as the malonyl isoflavones. They are not properly retained
and consequently washed out by the sample residue or by the
water of the washing step. Based on these results, the Strata X
cartridge was selected to be used in the extraction parameters
optimization.

3.2. Sample loading flow

In order to reduce the duration of the method, one option
is to increase the sample loading flow. However, previous re-
sults indicate that losses may take place during sample load-
ing. With thatin mind, the sample loading flow was increased
from 5to 10 mL mimr? and 15 mL min®. The concentration
of isoflavones in the sample residue is showmable 4 Val-
ues are relative to the total amount of each isoflavone in the
standardized extract.

Increasing the sample loading flow rate from 5 to
10 mL min! resulted in losses of MDi and MGi, which in-
creased with the increase of the flow rate up to 15 mLthin
With a sample loading flow rate of 15mLmih other
isoflavones were also lost (Di, Gi and MGly).

The results confirm the observations from the comparison
of SPE cartridges that malonyl forms are the most susceptible
forms to be lost during the sample loading.

Therefore, the selected sample load flow was 5 mLthin
Lower sample loading flows were not tested since it would
extend the duration of the method.

3.3. Amount of eluting solvent

Before fixing the amount of eluting solvent, extractions
with and without a 10 min drying step with nitrogen were
compared. The comparison was based on the concentration
of isoflavones in three different elution steps with 2 mL of
methanol. The differences observed between the two proce-
dures are not significant in all three eluting steps and both
procedures recovered approximately 100% of all isoflavones
With both procedures, mean isoflavone recovery with the first
2 mL of methanol was approximately 87% and with the fol-
lowing 2 mL of methanol approximately 13%. Isoflavones

Table 5

Effect of eluting solvent pH on isoflavone recoveny=3)

Relative isoflavone concentratioa{RSD)

Steps

Eluting solvent

Gle Ge

De

MGly MGi ADI AGly AG Di Gly

MDi

89.5+ 1.0
10.3+ 0.4
99.78+ 0.87
90.0+ 1.0

856 0.5 88.2+04 803+08 818+11 957+07 90.7+0.7 808+11 90.7+14 822+0.7 914+12 888+1.0
11.8+ 0.3 204+ 04 185+ 0.7 19.2+ 0.9 18.0+ 0.4 11.0+ 0.6

99.8+ 0.8

89.4+ 0.9

SPE 1 (2mL)
SPE 2 (2mL)

Recovery

MeOH

8.1+ 0.9
99.5+ 1.2

9.5+ 0.5

8.9+ 0.5

4.8+ 0.3

147 0.4

99.6+ 0.5 100.0+ 1.1 100.2+ 1.2 100.2+ 0.4

91.0+ 1.0

100.3: 0.4 100.1+ 0.3 100.7+ 0.7 100.4+ 1.0 100.4+ 0.6

85.1 0.6

81.94+ 0.6 92.05+ 1.2

91.1+ 1.4

80.9+ 1.1

79.7+ 0.9 822+ 1.3 95.4+0.8

88.3+ 0.6

SPE 1 (2mL)

MeOH +2.8mg -t

NaOH

11.8+ 0.1 20.6+0.3 18.2+0.8 49+ 0.2 8.7+ 0.4 19.0+ 0.9 9.5+ 05 18.1+0.2 8.6+ 1.0 11.4+05 104+ 0.3
99.7+ 0.9
91.7+ 0.7

143t 0.2

SPE 2 (2mL)
Recovery

99.9+ 1.1 100.5+ 1.1 100.1+ 0.5 100.6+ 1.2 100.8+ 0.98 100.4+ 0.9

81.7+ 1.0

99.5+ 0.5 100.2+ 0.5 100.4+ 1.0 100.4+ 1.2 100.3+ 0.8

85.6 0.4

88.6+ 1.0 89.0+ 0.9

82.3+ 0.6 91.0+1.1

90.3+t 1.4

78.7+£ 0.7 815+ 12 954+0.6

87.7£ 0.5

SPE 1 (2mL)

MeOH +8.4mg Lt

NaOH

11.9+ 0.3 20.8+04 17.9+0.8 5.0+ 0.3 8.7+ 04 181+09 10.0+05 17.9+0.3 8.7+ 0.7 118+ 05 10.6+ 0.4
99.5+ 0.5 99.5+ 0.9

99.6+ 0.4

14.5+ 0.2

100.1 0.4
Solid phase: Strata X; sample: 25 mL; SPE 1: 2 mL MeOH; SPE 2: 2 mL MeOH; SPE 3: 2mL MeOH, no isoflavone detected in all cases.

SPE 2 (2mL)
Recovery

99.74+ 1.0 100.4+ 0.7

99.8+ 1.0 100.3+ 1.3 100.2+ 0.5

99.3+ 1.1 100.5+ 0.5 100.4+ 0.6

115
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Table 6
Reproducibility of the optimized extraction methat«9)

Isoflavone concentration (% RSD)
MDi MGly MGi ADi AGly AGi Di Gly Gi De Gle Ge
99.6+1.4 99.0+£14 99.4+19 99.2£1.3 99.3£1.8 99.74+17 995-1.2 994+16 99.7415 99.1+15 99.2£1.6 99.4t15

were not detected in the third elution step with 2mL of Despite of increasing the pHd#ble 5 of the eluting sol-

methanol. From this information we can infer that is feasible vent no differences were observed in recovery of isoflavones

to skip the drying step, which is time consuming (it almost in the pH range essayed. Even combining higher pH and dry

doubles the method duration). Moreover, 4 mL of MeOH are procedures it was not possible to reduce the elution solvent

needed to recover the retained isoflavones from the cartridge volume and complete elution of all isoflavones was obtained
Maximum selectivity and recovery could also be obtained with 4 mL (2 + 2 mL). Therefore, the elution solvent volume

by a precise adjustment of pH values in the final elution selected was 4 mL.

step. Therefore, by increasing the pH of the elution solvent,

isoflavones retained iq the sorbentlwould be more easily ré-3.4. Sample clean up

moved allowing reduction of the elution solvent volume. With

that in view, the pH of the eluting solvent (MeOH) was in- One of the most important aspects of the proposed SPE
creased by adding sodium hydroxide (2.8 and 8.4 mgL method is that it is feasible to clean-up the sample. It is evi-
dent when comparing the chromatograms of the sample be-
fore and after application of the methdeid. 3). The opti-
mized method provides a much cleaner extract, which is less
detrimental to the chromatographic column than the original
sample.

0,0229
0,020
0,018
0,016
0,014
0,012
0,010
0,0084
0,006
0,004
0,002
0,000+
-0,002

Glycitn
Genistin
idzein

Genistein

AU

Malony! Daidzin
Malonyl G

3.5. Reproducibility

The repeatability and inter-day precision were determined
: . ; ; ‘ : by running the SPE developed method on three different days
5,00 10,00 15,00 20,00 25,00 30,00 35,00 4 ) L.
*) Minutes with the standardized extract. The standard deviation and co-
efficient variation were calculated for each day. The RSDs
for isoflavone recoveries were always below 2%. A mean
recovery Table § (n=9) of 99.37% (RSD =1.58) for all
isoflavones indicates that the optimized method provides re-
liable and accurate results.

0,040

Genistin

0,035
0,030
0,025

Daidzin
Malonyl Genistin

2
2 0,020

0,0151
0,010

Malony! Daidzin

4, Conclusions

Acetyl Genistin
Genistein

Acetyl Glycitin

0,0054

0,000

There was a large variation in the retention of isoflavones
within the essayed SPE cartridges. Best retention of

T T T T T T
5,00 10,00 15,00 20,00 25,00 30,00 35,00

B Minutes

° isoflavones was achieved with the Strata X cartridge, and
0.18] therefore, it was used for the SPE method development. The
0,16 8 optimized method consists of conditioning the cartridge us-
0,144 i ing 10 mL of methanol and 10 mL of water (10 mL mif),
0,124 Q loading 25 mL of the standardized extract onto the cartridges

2 %1% 5 (5 mL min1), washing the cartridge with 10 mL of water
22: S . (10 mL min~1) and finally eluting the isoflavones with 4 mL
0104_ 2 $ of methanol (10 mL mint). The developed SPE method is
0,024 g 5 fast (less than 10 min), extremely accurate and reproducible,
0,00 : : ' ‘ : . achieving high isoflavone recoveries (>98%). The optimized

© 500 1000 ‘SvOEAmuteSZO-O" 2500 s000 3500 method also concentrates the sample (25-4mL) allowing

measurement of isoflavones at low concentrations and pro-
Fig. 3. Chromatograms of isoflavone standards (A), freeze-dried soy extract\./ideS cIeane_r extracts, which are less detrimental to column
before (B) and after (C) applying the optimized SPE protocol. life than original samples.



M.A. Rostagno et al. / J. Chromatogr. A 1076 (2005) 110-117

Acknowledgement

M.A.R. gratefully thanks the Coordergz de
Aperfeimamento de Pessoal deividl Superior (CAPES,
Brazil) for a doctoral scholarship.

References

[1] H.J. Wang, P.A. Murphy, J. Agric. Food Chem. 42 (1994) 1674.

[2] M.J. Messina, Am. J. Clin. Nutr. 70 (1999) 439S.

[3] D.F. Birt, S. Hendrich, W. Wang, Pharmacol. Ther. 90 (2001)
157.

[4] T. Bo, K.A. Li, H. Liu, Anal. Chim. Acta 458 (2002) 345.

[5] M.A. Rostagno, M. Palma, C.G. Barroso, J. Chromatogr. A 1012
(2003) 119.

[6] A. Chandra, M.G. Nair, Phytochem. Anal. 4 (1996) 259.

[7] M.A. Rostagno, J.M.A. Araujo, D. Sandi, Food Chem. 78 (2002)
111

[8] M.A. Rostagno, M. Palma, C.G. Barroso, Anal. Chim. Acta 522
(2004) 169.

117

[9] C. Li-Hsun, C. Ya-Chuan, C. Chieh-Ming, Food Chem. 84 (2004)
279.

[10] C.W. Huie, Anal. Bioanal. Chem. 373 (2002) 23.

[11] L. Qingyong, C.M. Wai, Anal. Chem. 71 (1999) 2929.

[12] J. Tekel, S. Hatrik, J. Chromatogr. A 754 (1996) 397.

[13] N.C. Twaddle, M.I. Churchwell, D.R. Doerge, J. Chromatogr. B 777
(2002) 139.

[14] P.B. Grace, J.I. Taylor, N.P. Botting, T. Fryatt, M.F. Oldfield, S.
Bingham, Anal. Biochem. 315 (2003) 114.

[15] D.R. Doerge, M.l. Churchwell, K.B. Delclos, Rap. Commun. Mass
Spectrom. 14 (2000) 673.

[16] K. Mitani, S. Narimatsu, H. Kataoka, J. Chromatogr. A 986 (2003)
169.

[17] H. Kuo, W. Ding, J. Chromatogr. A 1027 (2004) 67.

[18] M.I. Genovese, F.M. Lajolo, J. Agric. Food Chem. 50 (2002) 598.

[19] J. Wang, P. Sporns, J. Agric. Food Chem. 48 (2000) 5887.

[20] B. Klejdus, D. Vitamasowa-Sterboa, V. Kuban, J. Chromatogr. A
839 (1999) 261.

[21] B. Klejdus, D. Vitamasowa-Sterbo®, V. Kuban, Anal. Chim. Acta
450 (2001) 81.

[22] A.M.G. Campana, L.C. Rodriguez, F.A. Barrero, M.R. Ceba, J.L.S.
Ferrandez, Trends Anal. Chem. 16 (1997) 381.



	Solid-phase extraction of soy isoflavones
	Introduction
	Materials and methods
	Chemicals and solvents
	Sample
	Solid-phase extraction
	High-performance liquid chromatography

	Results and discussion
	Comparison of SPE cartridges
	Sample loading flow
	Amount of eluting solvent
	Sample clean up
	Reproducibility

	Conclusions
	Acknowledgement
	References


