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Isoflavones are polyphenolic compounds found mainly in legumes the benefits of which have been widely studied and 
attributed in particular to their phytoestrogenic activity. The aim of this study was to evaluate the quali-quantitative 
composition of food supplements based on soy isoflavones (Glycine max L.) and red clover (Trifolium pratense). Six 
commercial food supplements (five soy-based and one red clover-based) were analyzed by HPLC/DAD/MS. Genistein, 
daidzein, glycitein, biochanin A and formononetin derivatives (glycosides and acylglycosides) were identified in the 
analyzed samples. Also the antiradical activities (towards the DPPH• radical) and Fe2+ chelating abilities were compared. 
 
Keywords:  Antiradical activity, soy extracts, total phenolics, iron ion chelating ability, quantitative analysis. 
 
 
 
Isoflavones are widely distributed in Leguminosae 
species. These substances are structurally similar to the 
mammalian estrogen estradiol-17β and exhibit 
estrogenicity. These compounds exhibit broad-spectrum 
antimicrobial activity and, therefore, their role in plants 
is mainly linked to fighting microbial diseases [1]. 
 
Phytoestrogens have received much attention due to 
their importance in the diet of Oriental people, who are 
less affected by so-called Western diseases which 
include hormone-dependent tumors, osteoporosis and 
cardiovascular disorders [2]. The major sources of 
phytoestrogens in human diets are isoflavones in 
soybeans and soy foods; isoflavones are also found in 
chick peas, beans, peas, and groundnuts [3]. Recent 
research has shown also that red clover (Trifolium 
pratense L.) contains isoflavones [4]. However, in the 
Western diet, food supplements play an important role 
in the isoflavone balance. The isoflavone composition 
and antiradical characteristics in diet food supplements 
are strictly related to the vegetal material used in their 
formulation. These commercial supplements generally 
contain extracts from soy, red clover and kudzu plants, 
which exhibit different isoflavone profiles.  

Soy seeds contain mainly genistein, daidzein and 
glycitein derivatives [5]; red clover mainly genistein, 
daidzein, glycitein, biochanin A, pratensein, and 
formonetin derivatives [6]; and kudzu mainly puerarin, 
daidzein and genistein derivatives [7].  
 
The health benefit of a food supplement can be linked 
also to its antiradical activity. Free radicals are 
generated in small amounts by normal processes of 
metabolism, but free radicals cause the oxidation of 
biomolecules (proteins, amino acids, lipids, and DNA), 
which leads to cell injury [8]. The principal defense 
systems against oxygen free radicals are enzymatic 
pathways (for example, SOD, GSH peroxidases, and 
glutathione reductase) and antioxidant food. With 
regard to antioxidant properties, isoflavones are not 
included among the most efficient antioxidant 
flavonoids [9], but isoflavones are superior in inhibiting 
LDL oxidation induced by copper ions [10]. Since the 
protective effects of flavonoids are ascribed to their 
ability to transfer electrons from free radicals, chelate 
metals, reduce alpha-tocopherol radicals and inhibit 
oxidases [11], the antiradical activity can be accessed 
through different assays.  
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 The separation and identification techniques of 
phytoestrogenic compounds have recently been 
reviewed [12], and the most used technique is HPLC 
coupled with either UV or MS detection.  
 
Regarding antioxidant capacity, there are critical 
reviews on its significance and characteristics [13, 14]. 
The methods can be divided into two main groups that 
differ for the chemical reactions which are taken into 
account, i.e. hydrogen atom transfer (HAT assays) and 
single electron transfer (SET assays) [15]. This is a 
rough classification since it does not take into account 
assays which may involve both kinds of reactions and 
assays which measure other radical oxygen species 
(ROS) [15]. All this shows how the simple definition of 
“antioxidant capacity” is not at all simple. Our choice 
was the use of a typical SET assay, the DPPH• test, 
which is mainly regarded as a SET assay since the 
DPPH• radical reacts with an oxidant species (ROS), 
transferring an electron, but it can also be neutralized 
via H-abstraction reactions [16]. The phenolic content is 
generally determined through the Folin-Ciocalteu assay; 
this assay, however, involves a redox reaction and can, 
therefore, be associated with the antioxidant capacity of 
the sample. Transition metals have a role in the 
generation of oxygen free radicals through Fenton type 
reactions; since polyphenols may chelate Fe2+ ions, the 
evaluation of the Fe(II) ion binding property of 
polyphenols can focus on a different way of acting as an 
antioxidant substrate.  
 
Commercial dietary supplements were analyzed for 
their antioxidant activity [17], and their isoflavone 
content was determined by means of HPLC [18-20]. 
 
In order to assess the different properties of isoflavone-
based food supplements and to verify that the content of 
the tablets was in agreement with what is declared by 
the producer, we compared the HPLC/DAD/MS 
analysis with the results of rapid tests so that a better 
understanding of the alimentary properties of food 
supplements could be achieved and information about 
which tests, other than the widely-used and time-
consuming HPLC/DAD/MS analysis, could be used to 
evaluate the final quality of the commercial product. 
 
The characteristics, as taken from the labels of the 
commercial isoflavone-based supplements, are reported 
in Table 1; only one supplement contained clover 
isoflavones, while all the others were soy-based.  
 
The chromatographic profile of a food supplement 
sample (FS4), using the “long” method, which has 
already been used successfully for the separation of 
isoflavones [5], identified compounds including 
isoflavone aglycones (daidzein, genistein and glycitein) 

Table 1: Commercial food supplements, as described on their labels. 

 
and isoflavone derivatives. Since the overall time of 
analysis was quite long, we compared this method with 
a shorter one already used for soybean seeds [21]. The 
chromatogram obtained with the “short” method, 
described in the experimental section, detected all the 
compounds previously identified with the longer 
analysis procedure. The shorter method offers 
improvements with respect to the longer one, for 
example, the same resolution as the longer method was 
obtained, with correct quantitative analysis, and with 
savings in terms of solvents. In order to obtain further 
solvent savings we used a shorter column with a low 
flow rate (0.2 mL min-1); in this case we also found the 
previously identified compounds, and obtained the same 
resolution as that of the longer column. 
 
The extraction yield (95%) was controlled by adding 
gallic acid as an internal standard. The choice of this 
molecule was based on its absence in our samples, and 
because of its retention time, which falls in an empty 
zone of the chromatogram (RT = 2.75 min for the 
“long” method with a Nova Pak C18 column, and 
RT=1.98 min for the shorter one with a Luna C18 
column). 
 
Table 2 reports the amounts of the different isoflavones 
in the six samples. The qualitative composition of FS2 
is different since it is a clover-based supplement. 
However, even in the case of the soy-based 
supplements, there are some differences in the amounts 
of single isoflavones. In particular, genistein and 
daidzein glucoside are the main compounds and they 
ranged from 43.3% to 62.9% and from 17% to 35.5 %, 
respectively. It should be noted that in addition to FS2, 
FS6 also contained biochanin. 
 
Table 3 lists the total amounts of isoflavones from 
HPLC data compared with the amounts reported on the 
labels of the commercial products; the data agree quite 
well. 
 
As regards the antioxidant and antiradical activity, we 
considered the data of three tests: the Folin test, which, 
especially in the case of commercial samples [21], can 
be related to the antioxidant activity of the commercial 
product more than to its polyphenol content; the DPPH 

Food-supplement Content 
FS1  Soy isoflavones 

Vitamins C, E, B6, B2, B1, D. 
Calcium, Phosphorus 

FS2  Dry extract of Trifolium pratensis 
FS3 l soy isoflavones, Equisetum arvense extract 
FS4  Soy isoflavones 
FS5  Soy isoflavones 
FS6  Soy isoflavones, Griffonia simplicifolia seeds, 

Cimicifuga racemosa rhizome 
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Table 2: Amount of different isoflavones (mg/g) from HPLC data. 

D = daidzein, Gly = glycitein, G = genistein, F = formonetin, B = 
biochanin, gluc = glucoside, acgluc = acetylglucoside 
Data are the mean of three determinations (standard deviation < 3% 
 
Table 3: Amounts of isoflavones (g/100g) from HPLC data and as 
written on the labels of the commercial products. 

 
Table 4: Data from the Folin test expressed as g gallic acid/ 100 g 
sample; DPPH·data expressed as IC50 mg sample / mg DPPH·; Fe(II) 
chelating ability expressed as mg sample that halves the absorbance of 
ferrozine according to the experimental protocol. 

 
test, which accounts for the antiradical activity of the 
sample; and the iron (II) chelating ability. The data are 
reported in Table 4. The data from the Folin-Ciocalteu 
analysis in this case are not correlated at all with the 
isoflavone content. This method is affected by a large 
number of interfering compounds [14] and isoflavones, 
on the other hand, do not react very much with this 
reagent. In fact, the highest values were obtained in the 
case of FS1 (which contains vitamin C) and FS6 (which 
contains Griffonia simplicifolia seeds and Cimicifuga 
racemosa rhizome). It should also be noted that the data 
are expressed as gallic acid content, which has a lower 
molecular weight than genistein (170 compared to 270). 
 

In the case of the DPPH· test there is a good correlation 
(R2 = 0.9785) between antiradical activity and daidzein 
content (under all its forms) if FS1 (containing vitamin 
C) and FS6 (see above) are not considered. Even in 
these cases, however, the total composition of the food 
supplements affects the results, since Lee et al. [22] 
found similar free radical scavenging activity for 
genistein and daidzein, and genistin activity higher than 
that of daidzin in a study on pure isoflavones separated 
from dried soybeans. 
 
The Fe(II) chelating ability correlates quite well (R2 = 
0.8415) in all samples with their daidzein content.  
 
From these data some conclusions on the analysis of 
these kinds of food supplements can be drawn. On the 
labels of commercial products only the isoflavone 
content is reported, however some characteristics (e.g. 
antioxidant and antiradical activity) are related to the 
presence of other components, which may change the 
biological activity of the supplement. Therefore, an 
accurate HPLC/DAD/MS method, together with rapid 
spectrophotometric tests, may describe better the 
specific characteristics of each supplement. It should 
also be noted that, in the case of food supplements with 
similar composition, there is a direct proportionality 
between HPLC results and some rapid tests. 
 
Epidemiological studies suggest that consumption of 
isoflavones rich diets can improve several 
postmenopausal complications. Pampaloni et al. [23] 
have investigated the absorption and efficacy of 
isoflavonic supplementation in the treatment of 
menopausal symptoms using the commercial 
isoflavone-based supplements reported in Table 1. They 
showed that administration of isoflavone supplements 
produced a decrease of symptoms in this cohort of 
postmenopausal women monitored for isoflavone 
absorption. 
 
Experimental 
 

Food supplements: Six commercial, soy-based food 
supplements, representative of the Italian markets, were 
analyzed. These were provided by the gynecology 
outpatient Clinic of the Bone Metabolic Unit of the 
University of Florence. 
 
Standards and solvents: Authentic standards of 
daidzein, genistein and gallic acid were purchased from 
Extrasynthèse S.A. (Lyon, Nord-Genay, France). All 
the solvents used were of HPLC grade purity (BDH 
Laboratory supplies, England). 
 
Sample preparation: A 250 mg of sample flour was 
extracted over night at room temperature with 25 mL of 

Com-
pounds 

r.t FS1 FS2 FS3 FS4 FS5 FS6 

G der 11.10 0.07 - 0.07 0.06 0.07 0.12 
Gly der 11.74 - - 0.09 - - - 
G der 12.17 0.47 - - - - - 

Gly der 13.30 - - 0.42 0.11 0.16 0.32 
D 7-O-

gluc 
13.59 22.15 - 26.55 9.18 13.09 26.79 

Gly gluc 14.11 2.21 - 9.41 0.57 0.94 3.22 
G 7-O-

gluc 
16.07 43.84 - 34.57 32.01 35.78 39.64 

D der 16.11 - - - Traces Traces - 
D aclgluc 18.79 - - 1.72 0.25 0.56 1.40 

Gly 
aclgluc 

19.05 - - 0.55 - - 0.12 

G der 19.26 0.07 - - 1.61 1.19 - 
D der 19.52 - 0.81 - - - - 

D 20.41 0.34 0.25 3.30 4.21 3.77 1.23 
Gly 20.91 0.12  1.57 0.78 1.21 1.67 

G der 21.19 - 0.66 - - - - 
G der 21.89 - 0.39 - - - - 
G der 22.77 - 0.85 - - - - 

G 22.83 0.34 0.28 1.57 4.27 4.11 0.67 
G der 23.36 - 0.90 - - - - 

F 24.36 - 21.93 - - - - 
D der 24.53 0.02 - Traces - - - 
G der 25.64 - 1.33 - - - - 

B 26.16 - 19.12 - - - 0.19 

sample Isoflavones 
HPLC 

Isoflavones 
labels 

FS1 6.96 7.41 
FS2 4.57 4 
FS3 7.98 6.66 
FS4 5.3 5.59 
FS5 6.08 5.59 
FS6 7.53 6.52 

sample Folin DPPH· Fe(II) chelating ability 
FS1 3.34 6.19 0.48 
FS2 2.96 49.86 0.50 
FS3 1.44 28.42 0.75 
FS4 1.25 77.01 0.25 
FS5 1.51 71.12 0.23 
FS6 3.71 0.87 0.98 
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ethanol/water (70/30, v/v, made to pH 3.2 with 
HCOOH). The solution was filtered before HPLC 
analysis and 2 μL (20 μg) of the extract was injected. 
 
HPLC/DAD analysis: The analyses were carried out 
using a HP 1100L liquid chromatograph equipped with 
a DAD detector (Agilent Technologies, California, 
USA). Polyphenolic compounds were separated using a 
150 × 3.9 mm (4 μm) Nova Pak C18 column (Waters 
Corporation, Massachusetts USA), and a 50 × 2.2 mm 
(3 μm) Luna C18  column (Phenomenex), operating at 
26°C. UV/Vis spectra were recorded in the 190-450 nm 
range and the chromatograms acquired at 260, 305, 330 
and 350 nm. The mobile phase was a four-step linear 
solvent gradient system, starting from 95% H2O 
(adjusted to pH 3.2 with HCOOH) up to 100% CH3CN 
during a 27 min period [21], and a four-step linear 
solvent gradient system, starting from 91% H2O 
(adjusted to pH 3.2 with HCOOH) up to 100% CH3CN 
during an 18 min period [21]. 
 
HPLC/MS analysis: HPLC/MS analyses were 
performed using a HP 1100 MSD API, ESI interface,  
coupled with a HP 1100L liquid chromatograph 
equipped with a DAD detector (Agilent Technologies). 
The HPLC/MS analysis was performed using the same 
HPLC/DAD condition with water adjusted to pH 3.2 with 
HCOOH. Mass spectrometer operating conditions were: 
nitrogen gas temperature 350°C at a flow rate of 10.5 L 
min-1, nebulizer pressure 30 psi, quadrupole temperature 
30°C, and capillary voltage 3500 V. The mass 
spectrometer was operated in positive and negative 
mode at 80-180 eV fragmentor values.  
 
Identification and quantification of individual 
isoflavones: Identification of individual isoflavones was 
carried out using their retention times and both 
spectroscopic and spectrometric data. Individual 
isoflavones were quantified by a four-point regression 
curve (r2 ≥ 0.9998) operating in the range 0-10 μg on 
the basis of authentic standards, and determination was 
directly performed by HPLC/DAD. The detection limits, 
evaluated for genistein and daidzein in all analyzed 
extracts, are 200 μg kg-1 [21].  In particular, genistein, 
glycitein and biocanin A derivatives were determined at 
260 nm using genistein as reference compound, while 
daidzein and formononetin derivatives were determined 
at 305 nm using daidzein as reference compound. In all 
cases, actual concentrations of the derivatives were 
calculated after applying corrections for differences in 
molecular weight.  
 
Antiradical activity: Free radical scavenging activity 
was evaluated with the DPPH• (1,1-diphenyl-2-
picrylhydrazyl radical) assay. The antiradical capacity 

of the sample extracts was estimated according to the 
procedure reported by Brand-Williams [24] and slightly 
modified. Two mL of the sample solution, suitably 
diluted with ethanol, was added to 2 mL of an ethanol 
solution of DPPH• (0.0025g/100mL) and the mixture 
kept at room temperature. After 20 min, the absorption 
was measured at 517 nm with a Lambda 25 
spectrophotometer (Perkin-Elmer) versus ethanol as a 
blank. Each day, the absorption of the DPPH• solution 
was checked. The antiradical activity is expressed as 
IC50, the antiradical dose required to cause a 50% 
inhibition. IC50 was calculated plotting the ratio: (Ablank-
Asample/Ablank ) x 100, where Ablank is the absorption of 
the DPPH• solution and Asample is the absorption of the 
DPPH• solution after addition of the sample, against the 
concentration of the sample. IC50 is expressed as mg 
sample /mg DPPH•.  
 
Total phenolic content: The total phenolic content was 
determined using the Folin-Ciocalteu method, described 
by Singleton et al. [25] and slightly modified according 
to Dewanto et al. [26]. To 125 μL of the suitably diluted 
sample extract, 0.5 mL of deionized water and 125 μL  
of the Folin-Ciocalteu reagent were added. The mixture 
was kept for 6 min and then 1.25 mL of a 7% aqueous 
Na2CO3 solution was added. The final volume was 
adjusted to 3 mL with water. After 90 min, the 
absorption was measured at 760 nm against water as a 
blank. The amount of total phenolics is expressed as 
gallic acid equivalents (GAE, mg gallic acid/100 g 
sample) through the calibration curve of gallic acid. The 
calibration curve ranged from 20 to 500 μg/mL (R2 = 
0.9969). 
 
Fe2+ chelating ability: The chelating activity of samples 
on Fe2+ was measured according to Duh et al. [27] and 
the original work of Stookey [28] with modifications. 
The desired volume of plant extract was diluted to 1.5 
mL with 0.25 M acetate buffer (pH 4.75) then 25 μL of 
2 mM FeCl2 and 1 mL of the same solvent in which the 
plant extracts or standards were dissolved were added.  
The solution was incubated at room temperature for 20 
min. After incubation, 100 μL of 5 mM ferrozine were 
added, the mixture was shaken and the absorbance was 
measured after 5 min at 562 nm versus ethanol/water 
(70/30, v/v). The ability of chelating ferrous ions was 
expressed as the amount of sample (mg) that halves the 
absorbance of the control (all reagents without the 
sample), calculated plotting the ratio (Acontrol-
Asample/Acontrol ) x 100 against the concentration of the 
sample. 
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