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ABSTRACT 

	Aims: Menopause is a natural phase that occurs due to the decline of the oestrogen hormone, and is characterised by physical and psychological decline. Hormone replacement therapy (HRT) is a widely utilised treatment for the management of menopausal symptoms. The utilisation of natural ingredients, particularly yam beans, in the management of menopause symptoms is minimal. The objective of the present study was to examine the effect of yam bean on ovarian follicles in preclinical studies of female rats
Study design:  The research design employed a laboratory experimental design. The test material employed was yam bean, which was utilised to produce a 96% ethanol extract for the purpose of GC-MS method analysis. The experimental animals utilised were premenopausal female Sprague Dawley rats.
Place and Duration of Study: The research was conducted at two locations: the Pharmaceutical Chemistry Laboratory for GCMS analysis and the Animal Physiology Laboratory of PGRI Madiun University. The research was conducted over the period from February to August 2020.
Methodology: The present study employs an experimental approach as a research method. An experiment was conducted in which phytoestrogen compounds present in a 96% ethanol extract of yam bean powder were analysed using a gas chromatography-mass spectrometry (GC-MS) method. Female Sprague-Dawley rats aged between 12 and 13 months, with a body weight range of 170-200 grams. The experiment involved 24 rats, which were grouped into three distinct treatment groups. The control group (P0) received a placebo, while the treatment groups (P1 and P2) received 2 g/kg and 2.8 g/kg of yam bean powder, respectively. The subject was administered powder for a period of 36 days. On the 37th day, dislocation surgery was performed, and the ovary was removed. The ovary was then subjected to HE staining. The analysis of data was conducted on the basis of the results of gas chromatography-mass spectrometry (GCMS) chromatograms of isoflavone compounds and alterations in ovarian tissue structure, which were carried out using an optileb microscope.
Results: The results of the gas chromatography-mass spectrometry (GCMS) analysis of yam bean powder revealed the presence of isoflavone compounds, specifically daidzein, genistein, and quercetin. The administration of 2.8 g/kg of yam bean powder (P2) resulted in the observation of folliculogenesis in the ovaries. The presence of tertiary follicles was identified, and granulosa cells that exhibited responsiveness to follicular fluid production were observed, filling the follicle antrum.
Conclusion: The conclusion drawn from the present study is that yam bean powder contains phytochemicals daidzein, genistein and quercetine, which have been demonstrated to be capable of increasing ovarian folliculogenesis in female rats.
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1. INTRODUCTION 

Menopause is a natural phase in a woman's life which is characterised by the permanent cessation of the menstrual cycle due to decreased ovarian function and oestrogen hormone production (Bagga et al., 2025; Santoro et al., 2021; Timmana et al., 2021). This condition arises due to diminished oogenesis, resulting in a decline of female reproductive hormones (Burger et al., 2008; Das et al., 2023; Ma et al., 2023). In Indonesia, this phase typically manifests in women aged 45-55 years (Anggraini et al., 2024). The onset of menopause frequently precipitates a plethora of physical and psychological symptoms, including hot flushes (sudden hot sensations), sleep disturbances, mood swings, and decreased bone mass (osteopenia/osteoporosis). These symptoms are associated with an elevated risk of cardiovascular disease (Banin et al., 2017; Duralde et al., 2023; Sharma, S., Krishnan, A., Mukherjee, A., & Kumar, 2025). This menopausal condition has been demonstrated to exert an impact on reproductive health and quality of life (Cea García et al., 2022; Sun et al., 2018).
Concurrent with the advancement of science and technology, a range of methodologies have emerged to address the adverse effects of menopause, including hormone therapy (Hormone Replacement Therapy) (De Franciscis et al., 2019; Genazzani et al., 2021; Vrachnis et al., 2021). The utilisation of synthetic hormones can be readily obtained at a minimal cost. A substantial corpus of research has been published on the subject of the long-term side effects of synthetic hormones, including an increased risk of breast cancer and cardiovascular disease (Hill et al., 2016; Okwuosa et al., 2021; Shufelt & Manson, 2021; Ugras & Layeequr Rahman, 2021).
The present study investigates the increasing use of hormone therapy and the side effects it causes. It also examines the current development of natural ingredients as hormones by the pharmaceutical industry. The utilisation of natural ingredients as hormone therapy constitutes a safer, more effective and efficient alternative (Al-Baldawy et al., 2023; Johnson et al., 2019; Pan et al., 2022). One of the natural ingredients that has been posited as an alternative to hormone therapy is yam bean (Pachyrhizus erosus) (Ardela et al., 2025; Primiani, 2015).
Yam bean (Pachyrhizus erosus) is a local plant in Indonesia with the local name bengkuang (Mahmood et al., 2015; NURSHILLAH et al., 2022). This plant is indigenous to tropical regions and is extensively cultivated in Central Java, East Java, and West Sumatra. Bengkuang is a versatile ingredient in the beauty industry, where it is employed in various forms, including body lotion, masks, and powders. In addition to its use in beauty products, it is also consumed as a fresh food, commonly found in dishes such as rujak and pickles.
Yam bean (Pachyrhizus erosus) is a plant that belongs to the Leguminoceae family. Research results have indicated that this family is frequently referred to as a phytoestrogen, due to the presence of phytochemical components that exhibit a structural similarity to the hormone estrogen (Chavda et al., 2024; Dias et al., 2021; Whitten, P. L., Kudo, S., & Okubo, 2020), certain groups of phytoestrogen compounds include isoflavones, lignans, coumestans and stilbenoids and protein (Inyang et al., 2018). The chemical structure of this group of phytoestrogen compounds has been shown to resemble the estrogen hormone (17β-estradiol) (Kiyama, 2023), and therefore, these phytoestrogen compounds have been found to exhibit physiological properties similar to the estrogen hormone (Fuentes, N., & Silveyra, 2019; Kiyama, 2023; Whitten, P. L., Kudo, S., & Okubo, 2020).
Genistein and daidzein are isoflavone compounds that have been identified in the Leguminoceae family (Chavda et al., 2024). Research findings demonstrate the affinity of isoflavones for estrogen receptors within the body ((Fuentes, N., & Silveyra, 2019; Křížová et al., 2019). This receptor affinity has been demonstrated to engender oestrogenic effects, thereby aiding in the alleviation of menopausal symptoms and the maintenance of physiological function (Fuentes, N., & Silveyra, 2019). As demonstrated by several studies, the consumption of phytoestrogens has been shown to selectively stimulate endogenous hormone activity, with the potential to extend the fertile period or delay the onset of menopause when administered appropriately before or during the premenopausal phase (Canivenc-Lavier & Bennetau-Pelissero, 2023; Kiyama, 2023; Whitten, P. L., Kudo, S., & Okubo, 2020).
Research results have been published that demonstrate the extensive utilisation of yam beans in the cosmetics industry. The development and consumption of hand body products, lotions and facial masks has been extensively embraced by the public (Krisnawati et al., 2018; Kusnandar, M. R., Wibowo, I., & Barlian, 2025; Lee et al., 2017). These cosmetic products are formulated for topical application on external body parts. The development of natural cosmetic products derived from the yam bean has been limited. The potential of yam bean as an oral natural oestrogenic agent for the detection of oestrogenic effects on the ovaries has not been extensively explored. The present study is predicated on the hypothesis that yam bean, a natural hormone therapy, exerts an effect on the development of follicles in the ovaries, thereby counteracting the adverse effects of menopause. The objective of the present study was to examine the effect of yam bean on ovarian follicles in preclinical studies of female rats.

2. material and methods 

Yam bean species were obtained from yam bean plantations in Kediri, East Java, Indonesia. The identification of the specimen was conducted using the reference number 00119/Taxo-Plant/Biology/III/2020.
2.1. Yam bean powder production
The quantity of yam beans required is 1000 grams. The skin should be left intact, and the beans should be washed, sliced into a fine gauge, and dried in an incubator at a temperature of 50-60°C for a period of 3-4 days. Following this, the beans should be ground using a blender, and then a 60-mesh sieve should be used to separate the fragments.

2.2. Yam bean extract preparation
A quantity of 1000 grams of yam bean powder was dissolved in 96% ethanol. The solution was then homogenised using a vortex for a period of 10-15 minutes. Following this, the solution was left in a container for 30 minutes. Thereafter, the solution was filtered using filter paper, and the filtrate was collected. This process was repeated on three occasions. The filtrate is then concentrated using a rotary vacuum evaporator at a temperature of 50°C at a speed of 60 rpm. Subsequently, the extract should be subjected to a heating process in an oven at a temperature of 50°C for a period of 10 days with a view to achieving a thickening of the extract. The yield of this extract can be continued for Gas Chromatography Mass Spectrometry (GCMS) testing.

2.3. GCMS analysis of yam bean
	Conditions for GCMS testing of yam bean extract with stages: The procedure is initiated with the preparation of the sample, followed by derivatisation. The next step involves the injection of the sample into the system, which is then separated using gas chromatography (GC). The mass spectrometer (MS) detector is then utilised for detection. The column oven temperature is set at 70.0°C, the injection mode is set to split, the flow control mode is pressure-based, and the total flow rate is determined. 80.5 millilitres per minute; column flow: The flow rate was 0.6 mL/min, the split ratio was 127.5, the ion source temperature was 2500°C, the interface temperature was 3000°C, the solvent cut time was 2 min, the detector gain mode was relative, the detector gain was 0.00 kW, the SCO mode was scan, the start m/z was 40.00, the end m/z was 600, and the sample unit was GC.

2.4. Grouping of experimental animals
	Female rats were divided into three distinct treatment groups. The first group was designated as the control (P0), the second group (P1) was treated with 2 g/kg yam bean powder, and the third group (P2) was treated with 2.8 g/kg yam bean powder.

2.5. Experimental animal treatment
Female white Sprague-Dawley rats, aged between 12 and 13 months and thus premenopausal, were obtained from the Animal Breeding Unit in Blitar, East Java. The rats were initially weighed and found to range from 170 to 200 grams. The animals were then housed in group cages in the Animal Physiology Laboratory at Universitas PGRI Madiun. The rat cage is placed in a room with a temperature of approximately 27-29°C, a humidity level of 55-60%, 12 hours of manual lighting, and standard feed given every morning at 07:00 and afternoon at 16:00. Water for drinking is given ad libitum.The cage was cleaned and the husks replaced on a daily basis. The induction of the Yam bean powder was achieved through the utilisation of a sonde (gavage tube) in a morning feeding routine, administered over a period of 36 days. On the 37th day of the experiment, the surgical procedure and removal of the ovary were conducted.

2.6. Preparation of histological preparations for HE staining
The stages of preparation and HE staining are conducted in accordance with standard procedures (Feldman & Wolfe, 2014; Sampedro-Carrillo, 2022).

2.7. Data analysis
The data obtained were in the form of a mass spectrum of yam bean isoflavone phytochemistry from GC-MS tests and data on changes in ovarian tissue structure, including the development of primary follicles, secondary follicles, and Graff follicles. The subsequent histopathological data analysis was conducted on the basis of the observations made using the optilab microscope.





3. results and discussion

The analysis of yam bean powder by gas chromatography-mass spectrometry (GC-MS) has revealed the presence of isoflavone compounds daidzein, genistein and quercetin (Table 1).
Table 1. Results of GCMS analysis of yam bean powder
	Name
	Formula
	RT (min)
	MW (g/mol)
	Molecule structure

	Daidzein
	C15H10O4
	81,227
	254,23
	


	Genistein
	C15H10O5
	85,289
	270,24
	


	Quercetin
	C15H10O7
	100,228
	302,24
	




Visualization of mass spectrum of daidzein, genistein and quercetine in Figure 1
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Figure 1. Mass spectrum and molecular structure of (A) daidzein, (B) genistein and (C)  quercetine
[image: ]  [image: ]  [image: ]
Figure 2.  Development of ovarian follicles in mice treated with P0, P1, and P2, the use of HE staining at 100X magnification
(A) The ovaries exhibit the presence of primordial and primary follicles, in addition to flat granulosa cells classified (P0)
(B) The development of primary follicles and cuboidal granuloma cells is indicated here (P1)
(C) The presence of tertiary follicles is indicated. Granulosa cells are responsible for the production of follicular fluid, which fills the antrum, and oocytes are present (P2)

[bookmark: _GoBack]The results of the gas chromatography-mass spectrometry (GCMS) analysis of yam bean powder demonstrated the presence of daidzein, genistein and quercetine compounds. These three compounds are classified as isoflavone groups. Isoflavones exhibit a molecular structure that is analogous to that of 17β-estradiol (Chavda et al., 2024). This phenomenon is frequently designated as 'estrogen-like molecules (Kiyama, 2023). Yam bean powder phytoestrogens (Table 1) have been demonstrated to bind to estrogen receptors (ER-α and ER-β), thereby mimicking or modulating the activity of the body's natural estrogen hormones. Consequently, these three compounds have been shown to provide estrogen hormone-like activity (Fuentes, N., & Silveyra, 2019; Kang & Park, 2019). This phenomenon is exemplified by the observation of ovarian follicle development, the presence of tertiary follicles, and the maturation of granulosa cells that secrete follicular fluid at P2 (Figure 2). 
Yam bean phytoestrogens possess a molecular structure analogous to that of estrogen, thereby inducing biological stimulation within the reproductive system, specifically through the activation of primordial follicles into primary follicles via estrogen-like mechanisms (Ardela et al., 2025; Chavda et al., 2024; Lin et al., 2021; Primiani, 2015). Yam bean phytoestrogens have been hypothesised to enhance the expression of Follicle Stimulating Hormone (FSH) receptors in granulosa cells, thus accelerating the growth of early follicles and increasing the number of growing follicles (Ardela et al., 2025; Ogunlakin et al., 2023).

4. Conclusion

Yam bean powder has been found to contain phytochemicals, including daidzein, genistein and quercetine, which are classified as phytoestrogen compounds due to their molecular structure, which is similar to 17β-estradiol. The administration of yam bean powder over a period of 36 days has been observed to result in an augmentation of folliculogenesis within the ovaries of Sprague Dawley rats.
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