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KEY CONTRIBUTION

Compared to the whole red clover plant (Trifolium
pratense L.), leaves are richer in isoflavones. Four
isoflavones have been identified and quantified:
daidzein, genistein, formononetin and biochanin
A. The most dominant isoflavones are
formononetin and biochanin A. The highest
isoflavone content was obtained with 2 M HCI
after evaporation to dryness.
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Red clover (Trifolium pratense L.) is a widely used forage crop
rich in isoflavones, bioactive compounds with diverse health-
protective effects. In legumes, isoflavones occur in various
chemical forms, but their health benefits are most
pronounced in their free forms—aglycones. Although
different extraction parametres (temperature, pH, sample-to-
solvent ratio) can influence the efficiency of isoflavone
extraction, this study specifically examined the effect of
different HCl concentrations (2M, 4M, and 6M), with and
without evaporation of the extract to dryness, on the
hydrolysis of glycoside isoflavones into aglycones. The leaves
and the whole plant of red clover were used as samples. High-
Performance Liquid Chromatography (HPLC) was used for the
identification and quantification of the isoflavones. The
results revealed significant variations in isoflavone content
among different plant parts. Red clover leaves had the highest
total isoflavone content, with formononetin (3.739 mg/g DM)
and biochanin A (2.484 mg/g DM) as the dominant
compounds, whereas whole-plant extracts contained a higher
content of daidzein (0.440 mg/g DM) and genistein
(0.170 mg/g DM) compared to the leaves. Regarding the
extraction method, the highest total isoflavone concentration
(6.556 mg/g DM) was obtained from leaf extracts that were
evaporated to dryness after hydrolysis with 2M HCI.
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Introduction

Red clover (Trifolium pratense L.) is a species from the Leguminosae family and the Trifolium genus, which
includes over 240 species (DluhoSovd et al., 2018). As one of the most important forage species in grassland
agroecosystems, red clover is a short-lived perennial legume, typically persisting for two to three years. It is
highly adaptable to a wide range of climatic conditions, soil types, fertility levels, usage patterns, and
management practices (Tucak et al., 2019). Although it is commonly used as animal feed, it has recently
become very popular in the food, pharmaceutical and cosmetics industries as a valuable source of bioactive
compounds (Petrauskas et al., 2023). The primary group of bioactive compounds found in red clover are
isoflavones—secondary plant metabolites with mild estrogenic effects in mammals due to their structural
similarity to 17B-estradiol, which classifies them as phytoestrogens (Daems et al., 2016; Mikuli¢ et al., 2024).
Therefore, the majority of the studies on the biological properties of T. pratense focused on its phytoestrogenic
activity. Numerous clinical studies have demonstrated that isoflavones may contribute positively to human
health and nutrition by reducing the risk of cardiovascular disease, alleviating menopausal symptoms, and
helping to prevent certain types of cancer, cardiovascular disorders, and osteoporosis (Lipovac et al., 2012;
Kolodziejczyk-Czepas, 2016). The amount of isoflavones varies depending on the part of the plant. In red clover,
the highest concentrations of isoflavones are typically found in the leaves, followed by the stems, petioles, and
flowers (LemeZiené et al., 2015; Butkuté et al., 2017). Besides parts of the plant, isoflavone contents also vary
depending on the flowering stages of the plant. In the early stages of maturation, isoflavone concentrations
are highest, while as the plant continues to grow, isoflavone concentrations tend to decrease (Tsao et al., 2006;
Sivesind and Seguin, 2005). Gikas et al. (2008) analysed clover samples at different growth stages and found
the highest proportion of isoflavones in the vegetative stage of plant development. Furthermore, the
isoflavone content in red clover varies depending on origin, cultivar, genetic factors, and other environmental
influences (Kuiglikboyaci et al., 2013).

More than 40 different isoflavones have been identified in red clover, with formononetin, biochanin A,
daidzein, and genistein being the most dominant ( Kumar et al., 2018; Tava et al., 2019; Tucak et al., 2019;
Mikuli¢ et al., 2024). In most studies on isoflavone extraction from red clover, the majority of the extracted
compounds are glycosides, which are highly polar molecules. Because of their polarity, they have difficulty
passing through the intestinal epithelium, resulting in lower bioavailability (Cosentino et al., 2019). Glycosides
are broken down into aglycones with the help of intestinal bacteria in the digestive system, which improves
their bioavailability (Beck et al., 2005). Given the better bioavailability of aglycone forms and their positive
impact on health, they were the focus of this study. Typical extraction protocols first extract glycosides using
an organic solvent, followed by acid hydrolysis to convert them into aglycones. Although different extraction
parametres (temperature, pH, sample to solvent ratio) can influence the efficiency of isoflavone extraction,
this study specifically examined the effect of different HCl concentrations (2M, 4M, and 6M), with and without
extract evaporation to dryness, on the hydrolysis of glycoside isoflavones into aglycones. The study aimed to
identify and quantify the proportions of the isoflavones biochanin, genistein, formononetin, and daidzein in
hydrolysed red clover extracts, and to describe the impact of the hydrolysis extent on the obtained results.

Materials and methods

Sample preparation

Red clover (Trifolium pratense L.) samples were collected at the beginning of July 2023. The average leaf and
whole plant samples (including leaves, stems, and flowers) were randomly collected from the central part of
the experimental plot. The collected samples were first air-dried for one month, followed by oven-drying at 40
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°C for two hours. The dried samples were then stored at —-80 °C, lyophilised, and ground into a fine powder
using an oscillating mill immediately before extraction.

Extraction

The extraction of isoflavones using acid hydrolysis was performed according to the partially modified
procedure of Ramos et al. (2008). For extraction, 2 M, 4 M, and 6 M HCI| were used, each with and without
evaporation to dryness, as follows: 2 M without evaporation (mth1), 2 M with evaporation to dryness (mth2),
4 M without evaporation (mth3), 4 M with evaporation (mth4), 6 M without evaporation (mth5), and 6 M with
evaporation to dryness (mth6). The homogenised red clover samples (0.05 g) were extracted with 4 mL of the
respective HCl solution and incubated in a water bath at 100 °C for 15 min, with occasional vortexing. After
cooling, the extracts were filtered, and the residue was washed with5 mL of MeOH. The purified samples were
transferred and filtered into a volumetric flask and diluted to a final volume of 10 mL with distilled H,0, then
centrifuged at 4000 rpm for 10 min. The obtained extracts were stored at -21 °C until HPLC analysis (High-
Performance Liquid Chromatography). Each sample was prepared in duplicate. Prior to HPLC analysis, all
extracts were filtered through a 0.45 pum pore-size membrane filter.

HPLC analysis of isoflavones

Isoflavone separation was achieved using a PerkinElmer series, 200 HPLC system equipped with a quaternary
pump, degasser, autosampler, and diode array detector (DAD) using a Phenomenex C18 column (150 x 4.6
mm, 5 um). The mobile phase consisted of solvent A (water with 0,1% trifluoracetic acid) and solvent B
(acetonitrile with 0,1% trifluoracetic acid). The following gradient programme was applied: 0-2 min 75% A and
25% B; 2—5 min from 25 to 35% B; 5—-10 min from 35 to 50% B; followed by a post-run time of 3 min at 25% B.
The flow rate was 1 mL/min, and the detection wavelength was 254 nm. The injection volume was 10 pL, and
the analysis was performed at a constant temperature of 25 °C. Isoflavones were identified based on the
retention time and UV spectra of corresponding standards—daidzein, genistein, formononetin, and biochanin
A. The standards were dissolved in 80% MeOH. For quantification, five-point calibration curves were
constructed for each compound with correlation coefficients of r2 > 0.999. The isoflavone content was
expressed in mg per g of dry weight (DW). All isoflavone standards (daidzein, genistein, formononetin) had a
purity of 2 98%, whereas biochanin A, had a purity of 95%. Standards were purchased from Sigma-Aldrich, St.
Louis, MO, USA. All other chemicals were of analytical reagent grade.

Statistical analysis

Statistical analyses were performed using the Statistica programme (version 14.2.0.18). Isoflavone
concentrations were expressed as average values from two HPLC analyses of duplicate samples. Statistical
differences among isoflavones extracted by six different methods were analysed using analysis of variance
followed by a Fisher’s Least Significant Difference (LSD) post hoc test at p < 0.05.

Results and discussion

The present study demonstrated that both the plant part and extraction treatment significantly influenced the
concentration and composition of isoflavones in Trifolium pratense L. Fig. 1 showed that leaf extract hydrolysed
with 2 M HCl and evaporated to dryness yielded the highest total isoflavone content (6.556 mg/g DM),
dominated by formononetin (3.739 mg/g DM) and biochanin A(2.484 mg/g DM). In contrast, the whole plant
(Fig. 2) extract contained lower total isoflavone levels but exhibited a relatively higher proportion of daidzein
(0.440 mg/g DM) and genistein (0.170 mg/g DM). These results highlight both tissue-specific isoflavone
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accumulation and the critical role of hydrolysis conditions in maximising aglycone yield, which is in accordance
with previous findings. Isoflavones are synthesised via the phenylpropanoid pathway, and their biosynthetic
enzymes are more active in photosynthetically active tissues such as leaves (Klejdus et al., 2001; LemeZiené et
al., 2015). The predominance of formononetin and biochanin A over daidzein and genistein is also consistent
with the typical red clover isoflavone profile, where methoxylated derivatives are the major constituents
(Mazur and Adlercreutz, 1998). The relatively higher concentration of daidzein in the whole-plant extract may
reflect its localisation in non-foliar tissues or a differential rate of hydrolysis and conversion from its glycosidic
precursors. Previous studies have shown that daidzein and genistein occur in lower abundance but can be
enriched in stems or roots (LemeZiené et al., 2015). These differences may also arise from metabolic
interconversion during extraction or degradation under acidic conditions (Klejdus et al., 2003). Acid hydrolysis
is a key step in converting isoflavone glycosides to their aglycone forms, which are more biologically active and
readily quantifiable by HPLC (Pilsakova et al., 2010). Hydrolysis with 2 M HCI followed by evaporation yielded
the highest total isoflavone content, suggesting efficient glycosidic bond cleavage with minimal aglycone
degradation. Increasing the acid concentration beyond 2 M may promote unwanted degradation or
rearrangement of the phenolic compounds, thereby reducing total recoveries (Wang and Murphy, 1994; Lee
et al., 2004). Evaporation to dryness likely enhanced aglycone concentration and facilitated the removal of
volatile solvents and residual moisture that could otherwise interfere with chromatographic detection.
Nevertheless, careful control of drying conditions is essential to prevent thermal degradation, as isoflavones
are known to be thermolabile (Klejdus et al., 2003). The optimised protocol in our study demonstrated a
balance between efficient hydrolysis and compound stability, producing higher yields than non-evaporated or
over-hydrolysed extracts. The total isoflavone content obtained in this study (6.556 mg/g DM) corresponds to
the lower to mid-range of reported values for red clover. Reported isoflavone contents in red clover leaves
range from 5-12 mg/g DM (Lemeziené et al., 2015; Tucak et al., 2019) to approximately 15 mg/g DM when
methanol extraction and enzymatic hydrolysis are applied. Differences between studies often arise from
environmental factors (light intensity, temperature, soil nitrogen) and genetic variability among cultivars
(Mikuli¢ et al., 2024). Formononetin and biochanin A were identified as the predominant compounds,
accounting for over 90% of total isoflavones, while daidzein and genistein were present at lower levels (Fig. 3,
Fig. 4). These findings are consistent with previous studies that have identified red clover leaves as the main
site of isoflavone biosynthesis and accumulation. Although daidzein and genistein are less abundant, they
remain pharmacologically important due to their conversion to equol and p-ethylphenol metabolites in
mammals (PilSakova et al. 2010; Tava et al., 2019; Tava et al., 2015).

Leaves

mth1l mth2 mth3 mth4 mth5 mth6

W daidzein Mgenistein M formononetin ™ biochanin A

Figure 1 Average values of isoflavones in leaves obtained by mth1—2 M without evaporation; mth2—2 M with
evaporation to dryness; mth3—4 M without evaporation; mth4—4 M with evaporation to dryness; mth5—6 M without
evaporation; mth6—6 M with evaporation to dryness. Different letters indicate significant differences among the
isoflavones extracted by six methods at p < 0.05 according to the LSD test
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Whole plant

mth1 mth2 mth3 mtha mth5 mthé

m daidzein  mgenistein  ® formononetin  m biochanin A

Figure 2 Average values of isoflavones in the whole plant obtained by mth1—2 M without evaporation; mth2—2 M with
evaporation to dryness; mth3—4 M without evaporation; mth4—4 M with evaporation to dryness; mth5—6 M without
evaporation; mth6—6 M with evaporation to dryness. Different letters indicate significant differences among the
isoflavones extracted by the six methods at p < 0.05 according to the LSD test

LEAVES

Wdaidzemn Mgenistein M formononetin M biochanin A

Figure 3 Proportion (%) of formononetin, biochanin A, daidzein and genistein of leaves

WHOLE PLANT

W daidzein M genistein M formononetin ™ biochanin A

19% 11%
3%

Figure 4 Proportion (%) of formononetin, biochanin A, daidzein and genistein of the whole plant
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Conclusion

This study confirms that both the plant part and hydrolysis treatment significantly influence the yield and
profile of isoflavones in Trifolium pratense L. The highest total isoflavone content was obtained from leaf
extracts hydrolysed with 2 M HCI and evaporated to dryness, demonstrating that moderate acid hydrolysis
efficiently converts glycoside forms into bioactive aglycones. Formononetin and biochanin A were identified
as the predominant compounds, accounting for over 90% of the total isoflavones. The developed extraction
and hydrolysis method offers an effective and reproducible approach for both research and industrial
applications. Future investigations should address the effects of genotype, growth stage, and environmental
conditions on isoflavone composition, and evaluate the use of enzymatic or eco-friendly hydrolysis methods
to improve sustainability.

Author Contributions: M.K.B.: formal analysis, data analysis, and writing-original manuscript, M.K.:
supervision, review and editing.; K.S.: data analysis, visualisation; D.H.: conceptualisation and review. All
authors read and approved the final manuscript.

Funding: The results presented in this paper are part of the research project No. 541/23-207, titled “Legumes
as a Source of Biologically Active Phytochemicals (LEGOFIT).” The project is funded within the Framework
Agreement between the Agricultural Institute Osijek and the Ministry of Science, Education and Youth of the
Republic of Croatia, with funds from the National Recovery and Resilience Plan 2021-2026. the
NextGenerationEU programme.

Acknowledgements: We would like to thank the Department of Forage Crops Breeding and Genetics of the
Agricultural Institute Osijek for the provided samples.

Conflicts of Interest: The authors declare no conflict of interest.

References

Kumar, M. Anil, Pammi, S. S. Sravanthi, Sukanya, M. S., Giri, A. (2018): Enhanced production of
pharmaceutically important isoflavones from hairy root rhizoclones of Trifolium pratense L. In
Vitro Cellular and Developmental Biology - Plant 54(1), 94-103.
https://doi.org/10.1007/s11627-017-9873-y

Beck, V., Rohr, U., Jungbauer, A. (2005): Phytoestrogens derived from red clover: An alternative
to estrogen replacement therapy? The Journal of Steroid Biochemistry and Molecular Biology
94(5), 499-518. https://doi.org/10.1016/j.jsbmb.2004.12.038

Butkuté, B., Padarauskas, A., Ceseviciené, J., Pavilonis, A., Taujenis, L., LemeZiené, N. (2017):
Perennial legumes as a source of ingredients for healthy food: Proximate, mineral and
phytoestrogen composition and antibacterial activity. Journal of Food Science and Technology
54(9), 2661-2669. https://doi.org/10.1007/s13197-017-2703-8

Cosentino, M., Marino, F., Rasini, E., Legnaro, M., Bombelli, R., Luini, A., Pacchetti, B. (2019):
Improved solubility and increased biological activity of NeoSol™RCL40, a novel red clover
Isoflavone Aglycones extract preparation. Biomedicine and Pharmacotherapy 111, 91-98.
https://doi.org/10.1016/j.biopha.2018.12.065

Daems, F., Romnee, J.-M., Heuskin, S., Froidmont, E., Lognay, G. (2016): Analytical methods used
to quantify isoflavones in cow’s milk: a review. Dairy Science and Technology 96(3), 261-283.
https://doi.org/10.1007/s13594-015-0276-8

303



304

Croat. J. Food Sci. Technol. (2025) 17 (2) 298 - 305

Dluho3ova, J., 18tvanek, J., Nedé&Inik, J., Repkovad, J. (2018): red clover (Trifolium pratense) and
Zigzag Clover (T. medium) — A picture of genomic similarities and differences. Frontiers in Plant
Science 9, 724. https://doi.org/10.3389/fpls.2018.00724

Gikas, E., Alesta, A., Economou, G., Karamanos, A., Tsarbopoulos, A. (2008): Determination of
Isoflavones in the aerial part of red clover by HPLC—diode array detection. Journal of Liquid
Chromatography and Related Technologies 31(8), 1181-1194.
https://doi.org/10.1080/10826070802000723

Klejdus, B., Stérbovd, D., Stratil, P., Kuban, V. (2003): Identification and characterization of
isoflavones in plant material by HPLC-DAD-MS tandem. Chemicke Listy 97(7), 530-539.

Klejdus, B., Vitamvasova-Stérbova, D., Kuban, V. (2001): Identification of isoflavone conjugates in
red clover (Trifolium pratense) by liquid chromatography—mass spectrometry after two-
dimensional solid-phase extraction. Analytica Chimica Acta 450(1-2), 81-97.
https://doi.org/10.1016/5S0003-2670(01)01370-8

Kolodziejczyk-Czepas, J. (2016): Trifolium species — the latest findings on chemical profile,
ethnomedicinal use and pharmacological properties. Journal of Pharmacy and Pharmacology
68(7), 845—-861. https://doi.org/10.1111/jphp.12568

Kicgukboyaci, N., Kadioglu, O., Adigiizel, N., Tamer, U., Gliveng, A., Bani, B. (2013): Determination
of isoflavone content by HPLC-UV method and in vitro antioxidant activity of red clover
(Trifolium pratense |.). Turkish Journal of Pharmaceutical Sciences 10(3), 463—-472.

Lee, J. H., Renita, M., Fioritto, R. J., Martin, S. K., Schwartz, S. J., Vodovotz, Y. (2004): Isoflavone
characterization and antioxidant activity of Ohio soybeans. Journal of agricultural and food
chemistry 52(9), 2647-2651. https://worldveg.tind.io/record/32946

LemezZiené, N., Padarauskas, A., Butkuté, B., Ceseviciené, J., Taujenis, L., Norkeviciene, E.,
MikaliGnienég, J. (2015): The concentration of isoflavones in red clover (Trifolium pratense L.)
at flowering stage. Zemdirbyste-Agriculture 102(4), 443-448. https://doi.org/10.13080/z-
a.2015.102.057

Lipovac, M., Chedraui, P., Gruenhut, C., Gocan, A., Kurz, C., Neuber, B., Imhof, M. (2012): The
effect of red clover isoflavone supplementation over vasomotor and menopausal symptoms in
postmenopausal women. Gynecological Endocrinology 28(3), 203-207.
https://doi.org/10.3109/09513590.2011.593671

Mazur, W. and Adlercreutz, H. (1998): Naturally occurring oestrogens in food. Pure and Applied
Chemistry 70(9), 1759-1776. https://doi.org/10.1351/pac199870091759

Mikuli¢, M., Atanackovi¢ Krstonosi¢, M., Kladar, N., Vasiljevi¢, S., Katanski, S., Mamli¢, Z., Raki¢, D.,
Cveji¢, J. (2024): Phytochemical composition of different red clover genotypes based on plant
part and genetic traits. Foods 13(1), 103. https://doi.org/10.3390/foods13010103

Petrauskas, G., Norkeviciené, E., Baistruk-Hlodan, L. (2023): Genetic differentiation of red clover
(Trifolium pratense L.) cultivars and their wild relatives. Agriculture 13(5), 1008.
https://doi.org/10.3390/agriculture13051008

Pilsakova, L., Riecansky, I., Jagla, F. (2010): The physiological actions of isoflavone phytoestrogens.
Physiological Research 59(5), 651-664. https://doi.org/10.33549/physiolres.931902

Ramos, G. P., Dias, P. M. B., Morais, C. B., Froehlich, P. E., Dall’Agnol, M., Zuanazzi, J. A. S. (2008):
LC determination of four isoflavone aglycones in red clover (Trifolium pratense L.).
Chromatographia 67(1-2), 125-129. https://doi.org/10.1365/s10337-007-0450-0



Croat. J. Food Sci. Technol. (2025) 17 (2) 298 - 305

Sivesind, E. and Seguin, P. (2005): Effects of the environment, cultivar, maturity, and preservation
method on red clover isoflavone concentration. Journal of Agricultural and Food Chemistry
53(16), 6397—6402. https://doi.org/10.1021/jf0507487

Tava, A., Pecio, t., Lo Scalzo, R., Stochmal, A., Pecetti, L. (2019): Phenolic content and antioxidant
activity in Trifolium germplasm from different environments. Molecules 24(2), 298.
https://doi.org/10.3390/molecules24020298

Tava, A., Pecio, t., Stochmal, A., Pecetti, L. (2015): Clovamide and flavonoids from leaves of
Trifolium pratense and T. pratense subsp. nivale grown in Italy. Natural Product
Communications 10(6), 933-936. https://doi.org/10.1177/1934578X1501000635

Tsao, R., Papadopoulos, Y., Yang, R., Young, J. C., McRae, K. (2006): Isoflavone profiles of red
clovers and their distribution in different parts harvested at different growing stages. Journal
of Agricultural and Food Chemistry 54(16), 5797-5805. https://doi.org/10.1021/jf0614589

Tucak, M., Popovi¢, S., Horvat, D., Cupi¢, T., Krizmani¢, G., Viljevac Vuleti¢, M., Ravli¢, M. (2019):
The characterization of isoflavone content in the Croatian red clover collection. Poljoprivreda
25(1), 3—-11. https://doi.org/10.18047/poljo.25.1.1

Wang, H. and Murphy, P. A. (1994): Isoflavone content in commercial soybean foods. Journal of
Agricultural and Food Chemistry 42(8), 1666—1673. https://doi.org/10.1021/jf00044a016

305



