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A new analyticalmethod, based on liquid chromatography (LC)withUV-diode array detection, for the simultaneous determination
of daidzein, genistein, and glycitein and their 7-O-𝛽-D-glucopyranoside (daidzin, genistin, and glycitin, resp.) has been successfully
developed. All the calibration curves showed good linearity within the concentration range 0.02–2𝜇g/ml. The limits of detection
and quantitation were 0.057 (genistin and glycitein), 0.124𝜇g/ml (genistein), 0.190 𝜇g/ml (genistin and glycitein), and 0.410 𝜇g/ml
(genistein), respectively. Within-day and between-days precision were found not to be significantly different according to an F-
test; values (% RSD) ranged from 2.0 to 2.9%. Extraction and clean-up of soybean flour samples were carried out using matrix
solid-phase dispersion extraction (MSPD). The main parameters affecting extraction yield, such as dispersant, type and amount
of additives, cosorbent, and extractive solvent, were evaluated and optimized. The average recovery values were between 85.7 and
102.6%. The target isoflavone concentration levels estimated in this work fit existing literature data and were comprised between
39.3 and 345.3 𝜇g/g. The whole procedure has proved to be simple, accurate, precise, and cheap.

1. Introduction

Phytoestrogens are a heterogeneous group of naturally occur-
ring phenolic compounds with estrogen-like activity [1]. It
has been proposed that plants control male fertility by using
phytoestrogens as part of their natural defense against herbiv-
orous animal overpopulation [2, 3].

Isoflavones are bioactive metabolites that constitutes a
well-known group of phytoestrogens, the amounts of which
increase in the case of plant stress [3, 4]. In addition, they
possess antibiotic and antioxidant properties because of their
ability to trap singlet oxygen [5]. Epidemiological studies
have suggested a protective effect of isoflavones against a
number of adult chronic diseases, including coronary heart
disease as well as breast, endometrial, and prostate cancers
[6–8]. However, their efficacy has not been fully proven, so
surveys on risks and benefits are still unclear [9, 10].

Isoflavones are present in many legumes in free forms
(aglycones) that conjugate with glucose or carbohydrate

moieties [4, 11]. The unconjugated forms are the bioactive
molecules. The ratio between conjugated and unconjugated
forms varies substantially in plants. Previous investigations
have shown that genistein and its aglycone are the predom-
inant isoflavones in soybean [10, 11]. Genistein is a specific
inhibitor of human DNA topoisomerase II and may possess
anticancer activity [12].

Generally, the analytical determinations of phytoestro-
gens in food have been carried out by LC-UV, LC-MS, or
GC-MS [13–20].Their analysis in complexmatrices obviously
requires sample pretreatment procedures to simplify the
matrix. The most used methods for isoflavone determination
are liquid-liquid (LLE) and solid-phase extraction (SPE) [14].
Recently, solid-phase microextraction (SPME) has also been
proposed for the determination of some major isoflavones
in soy drinks [21]. A simple, low-cost, and relatively quick
alternative to the above approaches is matrix solid-phase
dispersion (MSPD). It is primarily used because of its flexi-
bility and selectivity, as well as the possibility of performing
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extraction and clean-up in one step, which results in rapid
pretreatment and low solvent consumption. MSPD involves
disruption of solid and semisolid samples and simultaneous
extraction of the analytes using direct mechanical blending
of the sample with a solid-phase sorbent, mainly silica gel or
alumina [22]. In particular MSPD has been shown to be a
good technique for extraction of isoflavonoids in plants used
by alternativemedicine for health care practices [18–20]. Xiao
et al. developed a useful protocol based on MSDP coupled
to LC for the determination of daidzein and genistein in
soybeans [19], obtaining high extraction efficiencies (greater
than 80%) regardless of the use of lower amounts of sample
and solvents than traditional methods.

In this paper, MSPD has been successfully used for
the extraction of the isoflavones daidzein, genistein, and
glycitein, as well as their glycosides daidzin, genistin, and
glycitin, respectively, from different defatted soybean flours.
Themain parameters that affect the extraction of the analytes
from the matrix, such as sample/sorbent ratio, sorbent/sol-
vent combination used, and volume of elution solvent, have
been carefully evaluated and optimized in order to obtain
the highest possible recoveries.The instrumental analysis was
performed by liquid chromatography with UV-diode array
detection.

2. Materials and Methods

2.1. Materials. Daidzein (4,7-dihydroxyisoflavone), genis-
tein (4,5,7-trihydroxyisoflavone), glycitein (4,7-dihydroxy-
6-methoxyisoflavone) and their 7-O-𝛽-D-glucopyranosides
(daidzein, genistin, and glycitin, resp.) were from Sigma-
Aldrich (Milano, Italy). Standards purity was ≥95%. Stock
solutions of each compound (0.5mg/ml) were prepared in a
methanol/dimethyl sulfoxide (DMSO) mixture (80 : 20, v/v)
and stored at −20∘C in the dark. More dilute solutions were
prepared just before use in the solvent A of the mobile
phase, that is, acetonitrile/water (5 : 95, v/v) with 0.2% formic
acid. All solvents (Sigma-Aldrich) were LC grade. The LC
mobile phasewas filtered through a 0.20𝜇mnylonmembrane
(LabService Analytica, Bologna, Italy).

2.2. Apparatus. The SPME-LC system consisted of a Spec-
tra System Pump, model P2000 (ThermoQuest, San Jose,
CA), equipped with a Rheodyne 7125 injection valve (20𝜇l
injection loop), a SCM1000 on-line solvent degasser (Thermo
Separation Products), and a 2.6 𝜇mKinetex C18 (10 × 4.6mm
i.d., Phenomenex, USA) column. The detector was a Spectra
System model UV6000LP photodiode array (Thermo Finni-
gan, San Jose, CA).

2.3. Chromatographic and Detection Conditions. A binary
gradient composed of acetonitrile/water (5 : 95, v/v) with
0.2% formic acid (solvent A) and acetonitrile with 0.2%
formic acid (solvent B) was used as mobile phase. The
gradient program was: 30min linear from 90% A to 40% A;
1min isocratic at 40% A; 1min linear to 90% A; 5min
equilibration time. The flow rate was 0.7ml/min and the
column was kept at room temperature (around 18∘C).

Spectra were acquired in the 240–380 nm range at the
apex and on the ascending or descending part of each peak.
Peak purity was checked by spectra overlaying after normal-
ization.

2.4. Samples Collection and Pretreatment. Defatted soybean
flour samples were purchased from Sigma-Aldrich (SF1) and
local supermarkets (made in the European Community and
intended for human consumption, SF2–SF6), respectively.
Samples were stored at room temperature and kept in a
desiccator after opening. Spiked samples (5 g each) were
prepared in triplicate by adding suitable amounts of standard
solutions.

MSPD was performed as follows: 0.05 g of flour was
mixed with 0.5 g of anhydrous Na

2
SO
4
. Then, 1 g of glass

beads (previously cleaned with ethyl acetate) and 0.2 g of sil-
ica gel sorbent were added to the sample in a mortar and
blended for 15min using a pestle.Themixturewas transferred
into a syringe barrel equipped with a polypropylene frit,
carefully pressed using the syringe plunger, and capped with
a second frit. This step was very important to ensure a
calibrated flow of the elution solvent. Finally, 2ml of ethyl
acetatewith 2%DMSOwas eluted in the syringe and collected
in a vial.Then, 0.2ml of the solution was dried under a gentle
stream of nitrogen, reconstituted in solvent A of the mobile
phase, and injected into the LC system.

2.5. Statistical Analysis. Data from different experimental
groups of soybean flour samples and concentrations of
isoflavones estimated were compared by a two-way analyses
of variance (ANOVA) and differences at 95% level of confi-
dence (𝑝 < 0.05) were considered significant.

3. Results and Discussion

The first step of the present work was to investigate factors
influencing retention and chromatographic efficiency of the
target compounds in order to optimize their separation. LC
separation of phytoestrogens has been generally performed
[18] using reverse phase columns and mobile phases consist-
ing of methanol (or acetonitrile) and water, containing small
amount of acids. In the present work, a core-shell C18 column
was adopted and methanol was preferred to acetonitrile as
eluent since the latter was the cause of higher column pres-
sures. Furthermore, acidification of the eluent was needed to
allow the formation of protonated species; formic acid was
chosen as amilder alternative to trifluoroacetic or phosphoric
acids. Eventually, the best resolution was achieved using a
binary gradient composed of acetonitrile/water with 0.2%
formic acid (solvent A) and acetonitrile with 0.2% formic acid
(solvent B). Figure 1 reports an LC-UV/DAD chromatogram
relevant to the analysis of the target isoflavones ((1) daidzin,
(2) glycitin, (3) genistin, (4) daidzein, (5) glycitein, and (6)
genistein) at the concentration level of 2𝜇g/ml using the
optimized mobile phase composition and shows the good
resolution achieved for the target compounds.

Calibration curves were then constructed and proved to
be linear in the concentration range 0.2−2 𝜇g/ml for all the
analytes apart from genistein (0.4–2.0𝜇g/ml). Correlation
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Figure 1: LC-UV/DAD chromatogram obtained by the direct
injection of a standard solution of the target isoflavones at the
concentration level of 2𝜇g/ml. Peak legend: (1) daidzin, (2) glycitin,
(3) genistin, (4) daidzein, (5) glycitein, and (6) genistein.

Table 1: Estimated LOD and LOQ obtained for the standard
isoflavones, together with the precision data of the method.

Compound LOD
(𝜇g/ml)

LOQ
(𝜇g/ml)

RSD
(%)

Daidzin 0.070 0.234 2.4
Glycitin 0.070 0.228 2.7
Genistin 0.057 0.190 2.6
Daidzein 0.089 0.295 2.7
Glycitein 0.057 0.190 2.0
Genistein 0.124 0.410 2.9

coefficients were better than 0.999 and intercepts were
not significantly different from zero at the 95% confidence
level. Each concentration was performed in triplicate. The
precision of the method was investigated at 0.5 𝜇g/ml by
performing replicate measurements (𝑛 = 5) for 5 days, in
order to estimate the within-day and between-days precision,
which were found not to be significantly different according
to an F-test and always lower than 3%.The relevant results are
reported in Table 1. The estimated limits of detection (LODs)
and limits of quantitation (LOQs), calculated as 3- and 10-
fold the standard deviations of the intercept of the calibration
curves, are also listed in Table 1.

Experiments were then focused on the optimization of
the MSPD procedure. The selectivity of MSPD depends on
many variables, that is, sample/sorbent ratio, sorbent/solvent
combination used, and volume of elution solvent. In the
present case, a ratio of 0.1 : 1 : 2 : 0.4 between sample, Na

2
SO
4
,

glass beads, and sorbent (silica gel), respectively, was opti-
mized to obtain a homogeneous mixture and satisfactory
extraction yields. The choice of the nature and the amount
of the elution solvent was also crucial since the target
analytes must be desorbed while the higher number of the
remaining matrix components should be retained in the
column. Different types and volumes of solvents were tested
and 2ml of ethyl acetate proved to be the most efficient
combination. An increase in analyte solubility in the elution
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Figure 2: LC-UV/DAD chromatogram relevant to the analysis of a
soybean flour sample extract. Peak legend: (1) daidzin, (2) glycitin,
(3) genistin, (4) daidzein, (5) glycitein, and (6) genistein.

solvent was also achieved by adding 2% of DMSO, thus
obtaining even higher recoveries.

The method was then applied to the determination of the
target analytes in different soybean flour samples. A typical
chromatogram relevant to the analysis of a soybean flour
sample extract is shown in Figure 2. As can be seen, the peaks
of the detected analytes were yet again well resolved, with
no significant interference frommatrix compounds, with the
only exception of glycitin, which was never detected in any
of the analyzed samples according to literature data [11, 12].
Each chromatographic peak was confirmed by its retention
time and the spectra overlaying technique.

Recoveries were calculated by using two spiked flours
(FS1 and FS2) at different concentration levels, and the
relevant data are reported in Table 2. High recoveries were
obtained for all the target isoflavones, thus confirming the
good extraction efficiency of the developedMSPDprocedure.
Thewithin-day (𝑛 = 3) coefficients of variation, also reported
in Table 2, calculated in the same samples (FS1 and FS2) at the
same concentration levels were always below 6%.

Quantitation was performed with the standard addition
method. Table 3 lists the isoflavone concentration levels
estimated in the selected soybean flour samples. Typically,
the target concentration levels of isoflavones in soybeans
and derived products range between 0.1 and 5mg/g [15].
Accordingly, the levels estimated in this work were between
39.3 and 345.3𝜇g/g. It is worth noting that the variation
of the concentration levels observed between the different
soybean flours is not statistically significant, as confirmed
by a two-way ANOVA test. Soybean flours can be made in
different ways: in the traditional East Asian way by dry-
roasting soybeans or in the modern Western way involving
moist heating. Andrade et al. proved that the choice of oven
can modify the content and profile of the different isoflavone
forms in soybean flour [23]. Since the analysed samples
were obtained using the same process, the results are not
surprising. Furthermore, a recent paper reports that signif-
icant variances in chemical composition, protein profile, and
isoflavone contents can be found between soybean cultivars,
determining important differences in their nutritional and
functional values [24]. Our experimental results obtained in
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Table 2: Percentage recoveries of isoflavones obtained from two spiked soybean flours (𝑛 = 3) at different concentration levels, together with
the within-day (𝑛 = 3) coefficients of variation.

Sample Isoflavone Spiked concentration
(𝜇g/g)

% recovery mean
± SD

Precision
(% RSD)

Spiked concentration
(𝜇g/g)

% recovery
mean ± SD

Precision
(% RSD)

FS1

Daidzin 70 88.2 ± 4.9 5.6 700 87.8 ± 4.3 4.9
Glycitin 40 88.4 ± 10.3 5.7 400 88.6 ± 3.9 4.4
Genistin 100 102.6 ± 6.1 5.9 1000 98.5 ± 4.9 5.0
Daidzein 100 85.7 ± 4.0 4.7 1000 86.2 ± 5.1 5.9
Glycitein 50 87.5 ± 3.9 4.5 500 86.7 ± 4.2 4.8
Genistein 330 95.0 ± 4.2 4.4 3300 93.8 ± 3.9 4.2

FS2

Daidzin 70 88.1 ± 5.0 5.7 700 86.4 ± 4.9 5.7
Glycitin 40 86.4 ± 9.5 5.9 400 88.6 ± 5.2 5.9
Genistin 100 99.3 ± 4.9 4.9 1000 88.5 ± 5.1 5.8
Daidzein 100 86.0 ± 3.4 4.0 1000 87.2 ± 4.9 5.6
Glycitein 50 100.5 ± 5.3 5.3 500 98.4 ± 4.5 4.6
Genistein 330 90.0 ± 5.0 5.6 3300 99.8 ± 5.6 5.6

Table 3: Concentrations of isoflavones estimated (𝑛 = 3) in the selected soybean flour samples.

Sample Daidzin Glycitin Genistin Daidzein Glycitein Genistein Total
(𝜇g/g) (𝜇g/g) (𝜇g/g) (𝜇g/g) (𝜇g/g) (𝜇g/g) (𝜇g/g)

FS1 68.0 ± 1.6 nd 102.4 ± 2.1 96.0 ± 1.7 44.4 ± 1.1 320.0 ± 7.2 631.2
FS2 69.0 ± 1.3 nd 100.0 ± 1.9 100.0 ± 1.9 50.0 ± 1.2 330.0 ± 7.4 649.5
FS3 66.7 ± 1.5 nd 92.0 ± 2.0 98.0 ± 1.9 44.8 ± 1.0 345.3 ± 6.6 647.1
FS4 70.0 ± 1.5 nd 99.0 ± 1.5 96.1 ± 1.7 42.9 ± 1.0 290.7 ± 7.5 599.0
FS5 80.2 ± 1.7 nd 110.4 ± 2.0 89.7 ± 1.8 50.0 ± 1.5 310.0 ± 6.9 640.6
FS6 74.5 ± 1.6 nd 112.0 ± 2.2 95.4 ± 1.7 39.3 ± 1.1 318.9 ± 8.4 640.5

selected samples, all purchased in Italy, indicate that they
could arise from the same cultivar.

4. Conclusions

In the agro-food sector, fast, sensitive, and reliable analytical
methodologies are required in order to allow the matrix
components in complex samples, such as soybean flours,
not only to be highlighted but also to be quantified. These
methods should also meet logistic requirements, that is,
being accurate, precise, easily transferable, and usable also
in low-technology laboratories for use in the area of man-
ufacturing, importing, or acceptance of raw materials. A
selective MSPD-LC-UV/DAD analytical method has been
successfully developed and validated for the analysis of the
isoflavones daidzein, genistein, and glycitein, as well as their
glucosides in soybean flour. The results presented in the
paper show that MSPD is a very simple, accurate, precise,
and cheap sample preparation procedure, suitable for the
isolation of isoflavones from soybean products. The target
compounds were determined in six different soybean flours,
obtained using the sameprocess, and very similar results were
obtained, likely indicating a common origin for the samples.
According to literature data, genistein and its glucoside are
the most abundant forms found in analyzed samples.
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