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Figure 2. Representative HPLC chromatogram of isoflavones from a 
Trifolium pratense L herbal  tea infusion (peak  ID’s: 1-daidzin, 2-

glycitin, 3-genistin, 4-daidzein, 5-glycitein, 6-genistein, 7-
formonetin, 8-biochanin A) 

Figure 1. Calibrations for several target isoflavones 

Daidzin Glycitin Genistin Daidzein Glycitein Genistein Formonetin Biochanin A 

Average 0.09 0.05 1.22 0.26 1.19 2.38 0.55 5.65 

Stdev 0.06 0.03 0.66 0.11 0.37 0.75 0.17 1.19 

Max 0.21 0.13 2.74 0.49 2.04 3.07 0.90 8.23 

Min 0.03 0.03 0.34 0.15 0.16 0.79 0.35 4.51 

Table 2. Descriptive statistics for isoflavones from herbal teas [mg/ 200 mL infusion] 

Table 1. A summary of validation parametrs for the HPLC method 

INTRODUCTION 
      The flowering tops of red clover (Trifolium pretense L.) are highly appreciated in traditional medicine for the content in biologically active 
substances, that make them helpful in the treatment of premenstrual syndrome, menopausal symptoms, mastalgia, dysmenorrhea, cardiovascular 
and inflammatory diseases, osteoporosis, as well as in the prevention of certain cancers. Hence, one can find them in a variety of preparations, 
including infusions, decoctions and tinctures. Among these bioactive substances, isoflavones are important phytoestrogens, being associated mainly 
with women’s health and increasingly used in dietary supplements [3].   

Research objectives 

     Since the available data on red clover’s isoflavones refer on their concentrations in plant matrix [1-4], they are not of practical use for the 

assessment of flavonoids’ intake from tea infusions, hence the major aim of this work was to establish the content of isoflavones  from infusions 
obtained from several herbal teas’ brands available on Romanian market 

MATERIALS & METHODS 
      15 herbal tea brands were purchased from local hypermarkets. ~2 g tea samples  were weighed then infused with 100 mL boiling distilled water for 10 minutes;  after 
filtration  the infusion were left for cooling at room temperature, then the volumes were brought to 100 mL  with distilled water. 5 mL from each infusion was subjected to solid 
phase extraction, the eluates being finaly filtrated through 0,47 membrane filters subjected to high performance liquid chromatographic (HPLC) analysys. This procedure was 
applied in three repetitions for each sample 
     Eight isoflavones were determined by a sensitive optimized HPLC method, using a Flexar system consisting from two UHPLC pumps, a solvent degaser,  an autosampler, a 
column oven and an UV-VIS detector; Chromera was used for chromatographic data analysis.  Baseline separations were accomplished for daidzin, glycitin, genistin, daidzein, 
genistein, glycitein, formonetin and biochanin A using a Kinetex column and gradient elution with acetonitrile and water, both with 0.1%  acetic acid, in a total run time less 
than 9 minutes (fig.2). Quantifications were based on the external standard method; a summary of validation parameters is presented in table 1. 

Fig 1. Red clover 

RESULTS 
     The major isoflavones from the analyzed infusions obtained from the red clover tea brands were biochanin A, genistein, glycitein, genistin and formononetin (average 
concentrations between 0.55 – 5.65 mg/ 200 mL), followed by smaller concentrations of daidzein (0.26 mg/ 200 mL), while the glycosides daidzin and glycitin are  only in trace 
amounts (0.05-0.09 mg/ 200 mL). 
     Each herbal tea infusion showed a particular isoflavone pattern, depending mainly on the genetic factors and environmental conditions in which the plants were grown, but 
overall,  the  HPLC profile of the analyzed red clover tea infusions prove that these can be considered as  valuable  sources of certain isoflavones. 

CONCLUSIONS 
• A simple, reliable, fast and sensitive method has been developed for the analysis of these compounds using high performance liquid chromatography, accomplished with a 

Perkin Elmer Flexar UHPLC system with UV detection, enabling the separation of targeted isoflavones in less than 9 minutes.  
• This study can provide a framework for new applied researches, as well as a new improved method for quality control of red clover products. 
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Daidzin Glycitin Genistin Daidzein Glycitein Genistein Formonetin Biochanin A 
Concentration 

range [mg/L]  
1.2-  17 1.3 - 15 1.2 - 16 1 - 18 1.5 - 15 2 -16 1.2 - 16 2.1 -  20 

Limit of 

detection 

[mg/L]  

0.008  0.009 0.043 0.031 0.021  0.035 0.041  0.052  

Limit of 

quantification 

[mg/L]  

0.024  0.027 0.129 0.093 0.063  0.105 0.123 0.156 

Liniarity (R2) 0.9992  0.9999 0.9998 0.9970  0.9982  0.9977  0.9991  0.9997 


