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INTRODUCTION

Soybeans, red clover, chastetree, hop and flax have all been found to contain a wide range of phytoestrogenic compounds, and a large number of dietary supplements contain their extracts as
principal ingredients. Since polyphenolic compounds are responsible for the potential antioxidant activity and radical scavenging capacity of plant food, this study aimed to evaluate total polyphenol
content (TPC) and antioxidant activity (AA) of phytoestrogen-containing food and dietary supplement (DS) formulated products prepared.

MATERIALS AND METHODS

Sample

Four commercially available food samples of soybeans and flax (F1-F4) were collected from a local health food store, while twenty phytoestrogen-containing dietary supplements (DS1-DS20) were
obtained from a public pharmacy in Zagreb, Croatia. Briefly, fifteen dietary supplements were botanical monopreparation products containing following herbal extracts: soy (DS1-DS4), chasteberry
(DS5-DS9), red clover (DS10 and DS11), hop (DS12-DS14), and flax (DS15). Five samples were classified as multi-botanical dietary supplement products containing several bioactive ingredients: soy
and chasteberry (DS16 and DS17), soy and red clover (DS18), soy and flax (DS19), and red clover and hop (DS20). The dietary supplements analysed in this study were in multiple dosage forms,
including liquid extracts (2 samples), tablets (5 samples), and capsules (13 samples). Liquid products contained only ethanolic herbal extract, while other products contained additional ingredients,
such as vitamins and minerals. Two different batches of each dietary supplement product were analysed to investigate batch-to-batch variability.

The extraction procedures

A sample portion of 25 + 2 mg was accurately weighed in a screw capped 15-mL centrifuge tube. After adding 10 mL of methanol:ultra-pure water (80:20, v/v), the samples were sonicated for 15
min at room temperature in Elmasonic X-TRAH ultrasonic bath (Elma, Singen, Germany). The clear solution was obtained by centrifugation (Hermle Z 306, Wehingen, Germany) at 3000 g for 10 min
at 25 °C and supernatant was further filtered through a 0.45 um Chromafil membrane filter (Macherey-Nagel, Diren, Germany) before UV-Vis and HPLC analysis.

Determination of the total polyphenol content

The determination of the TPC in phytoestrogen-containing samples was based on the procedure using the Folin—Ciocalteu reagent [Singleton et al., 1999].

Briefly, 0.20 mL of methanolic extract was pipetted into a 5-mL volumetric flask and diluted with ultra-pure water to 2.5 mL. Following this, 0.25 mL of Folin-Ciocalteau reagent was added in the
volumetric flask, and after 3 min, 0.5 mL of 10% sodium carbonate solution was added. Then the mixture was well shaken using vortex mixer (ZX3, Velp scientifica, Usmate, MB, Italy) and made up
to volume with ultra-pure water. The solution was allowed to stand in the dark at room temperature for 2 hours before reading at 740 nm using a UV—Visible spectrophotometer (model Lambda 25,
Perkin—Elmer, Waltham, MA, USA). The blank was prepared as prescribed, the same volume of methanol (80:20, v/v) was pipetted instead of 0.20 mL of methanol extract. Gallic acid was used as a
standard and the calibration curve of gallic acid was prepared in the range from 0.4 to 6.0 ug/mL at 5 concentration levels (r = 0.9999). The results were expressed as gallic acid equivalents (GAE)
(mg of GAE per g of sample).

Determination of antioxidant activity

The antioxidative activity of the phytoestrogen-containing sample was determined using the HPLC-DPPH assay method. Briefly, 400 uL of DPPH solution was added to aliquot of 1 mL of sample
extract solution. Following this, the mixture was shaken well on a vortex mixer in an Eppendorf tube and placed in the dark, at room temperature. The reaction time was 30 min. Afterward, the
solution was filtered through Minisart RC4 0.20 um injection filter (Sartorius, Gottingen, Germany) and placed in amber-glass HPLC vials. The chromatographic conditions were a modification of
those by Chandrasekar et al. [2006] and used for monitoring of DPPH assay (Table 1). Sample preparation and analysis was performed in triplicate.

The ability of a sample to scavenge the ‘stable’ free DPPH radical was determined from the difference in the peak area of the initial solution of the radical itself and the solution of the radical after
reaction with the sample (Figure 1). TROLOX was used as a standard antioxidant and the calibration interval was in the range from 0.05 to 0.30 mM at 6 concentration levels. The results were
expressed as TROLOX equivalent antioxidant capacity (TEAC) determined from a standard calibration curve obtained by standard concentration versus difference in peak area.

RESULTS AND DISCUSSION
Polyphenol content and antioxidant activity in formulated DS (TPC: 17.65+10.28 mg GAE/g; AA: 103.01+58.42 mM TEAC/g)

Table 1. HPLC-DPPH method
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Figure 1. The chromatogram of the DPPH solution before (white) and after RSD [%] 0.07 =272 091—-697
the sample (DS19) reaction (purple) recorded at 517 nm. Batch-to-batch 0.11-57.93

CONCLUSION
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Legend:

*expressed in mg /g of dry matter; **batch-to-batch variability is given to dietary supplement products; ***unit of the dosage form —1
tablet or capsule; 1 ml liquid extract; ****recommended daily servings — 1 to 6 tablets or capsules; 30 ml for liquid extract; 40-90 g for

soya, 10-50 g for flaxseed

Figure 2. Correlation between total polyphenol content
and antioxidant activity estimated by HPLC-DPPH method
in  phytoestrogen containing food and dietary
supplements samples.

The results of this study contribute to a better understanding of the phenolic profile and antioxidant properties of phytoestrogen containing dietary supplements. Polyphenol content and
antioxidant activity in formulated DS products was higher than in functional food samples. Also, the results indicate that multi-botanical preparations have higher polyphenol content and
antioxidant activity than mono-botanical ones. The correlation between polyphenol content and the antioxidant effect is strongly statistically significant, so it can be concluded that antioxidant
activity is proportional to the content of secondary metabolites. The most eye-catching batch-to-batch deviations were represented by one chasteberry and one red clover-based products.



