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Abstract 

Phytoestrogens have structures that are very similar to endogen estradiol derived from plants. Phytoestrogens 
sources are widespread in Asian regions including in Indonesia. Its have health benefits including reproductive 
health, heart health, a role in weight loss, hormone-dependent tumours, bone and skin health, and the immune 
system. This review aimed to provide information on phytoestrogens’ effect on human health. 

 
 
 
 
 
 
 
 
 
 
 

Introduction 

 

Phytoestrogens are estrogen-like compounds 
derived from plants, which are structurally similar to 
17β-estradiol. Four phenolic compounds classified as 
phytoestrogens are isoflavones, stilbene, coumestan, 
and lignan [1], [2], [3], [4].  

Isoflavones are found in soybeans and other 
legumes, including in red clover. The main 
phytoestrogens in the form of isoflavones are 
genistein, daidzein, glycitein, formononetin, and 
biochanin A contained in soybeans. Phytoestrogens 
that are classified as isoflavones are the most widely 
studied. The amount of isoflavones needed to give 
health effects is around 40-70 mg/day or an average 
of 50 mg/day. The average consumption of 
isoflavones in Asian society is 15-50 mg per day, 
while in Western countries only about 2 mg per day 
[5], [6]. 

The most common stilbene group is 
resveratrol, which is found in grapes and peanuts. 
Resveratrol consists of two isomers namely cis and 
trans. Trans has a higher estrogenic activity. Not all 
groups of comrades who have estrogenic activity. 
Contestants that have estrogenic activity come from 

nuts, broccoli, cabbage and spinach. The main 
sources of lignans are flaxseed, and also in wheat 
flour, peanuts, fruits, berries, vegetables, tea and 
coffee. One example of lignans is matairesinol (non-
estrogenic dimer) which can be converted by intestinal 
microbes into enterolactone which is estrogenic and 
easily absorbed [1], [2], [3], [4]. 

The source of phytoestrogens are nuts, 
seeds, fruits and vegetables. Food sources include 
soybeans, garlic, celery, carrots, potatoes, rice, 
wheat, red clover, sweet potatoes, fruits (apples, 
pomegranates and chaste berries) and coffee [3], [4]. 
Isoflavones are found in legumes, especially 
soybeans. Flaxseeds are the main source of lignans, 
and many contestants are found in clover, alfalfa and 
soybean sprouts [1], [3]. Phytoestrogens in the diet 
are digested, then metabolised by bacteria in 
intestinal, absorbed in the intestinal and conjugated in 
the liver. Furthermore, the phytoestrogens circulate in 
the plasma until they are finally excreted in the urine 
[3]. 

The most important source of phytoestrogens 
is isoflavones found in soybeans and their processed 
products. Phytoestrogen levels in pure soybeans are 
higher than those that have been processed because 
of differences in bioavailability. Asian people consume 
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more soy than Europeans and Americans [1], [7]. The 
average daily intake of community phytoestrogens in 
East and Southeast Asia is estimated to be between 
20-50 mg per day. While the average intake of 
phytoestrogens in adults in the United States is only 
0.15-3 mg per day, and in Europe, it is much lower at 
around 0.49 to 0.66 mg per day [1].  

Bioavailability and pharmacokinetics of 
isoflavones are influenced by the texture of food 
ingredients the source or form of food consumed. 
Liquid food is absorbed faster and has a higher 
concentration in plasma than solid food. Isoflavones in 
the form of aglycones are absorbed more quickly than 
in the form of glucoside conjugates [7]. 

The isoflavones contained in soybeans are in 
the form of a complex mixture of glucoside 
conjugates. Then it is hydrolysed in the digestive tract 
by the intestinal mucosa with the help of bacteria β-
glucosidase to be aglycon, genistein and daidzein. 
Anglican can be absorbed directly or metabolised by 
microflora in the large intestine into active metabolites 
in the form of equol and inactive metabolites in the 
form of O-desmethylangolensin (ODMA) 3. Lignan is 
converted to secoisolaricisinol-diglucoside (SDG), and 
the constant is converted to coumestrol. The level of 
absorption and metabolism in the body [5], [7], [8]. 
The ability to convert phytoestrogens to equol is 
influenced by race. Japanese, Chinese and Korean 
can convert equol higher than the Western population 
which is estimated to produce only around 30-40%. 
This is related to the role of genetics, the composition 
of intestinal microbiota and diet [9].  

Phytoestrogens have structures that are very 
similar to endogen estradiol and be able to bind with 
alpha and beta receptors of estrogen [6], [10]. Alpha 
and beta estrogen receptors have different functions. 
Alpha estrogen receptors act in cell proliferation, 
whereas beta receptors are responsible for cell 
apoptosis [6]. After the receptor binds to the ligand, 
then moves from the cytoplasm to the cell nucleus, 
binding and influencing the area that controls the DNA 
transcription process or small RNA, which in turn 
affects the expression of certain genes [3], [6]. 
Therefore, phytoestrogens have the potential effects 
to regulated all process that influence by estrogen 
including the induction of sex hormones that bind to 
globulin and inhibit aromatase [3].  

Endogenous estrogen levels also affect the 
activity of phytoestrogens. In women of reproductive 
age, endogenous estrogen levels in high blood 
pressure. In this condition, lignans will compete with 
endogenous estrogen to bind to estrogen receptors so 
that they can inhibit estrogen activity. But at 
menopause, endogenous estrogen levels are low in 
estrogen production by the ovaries. When estrogen 
levels are low, lignans are weak estrogen [4]. 
Isoflavones, lignans and proteins also function as 
aromatase inhibitors by inhibiting the action of 
cytochrome P450 enzymes that convert androgens to 

estrogen. Elevated levels of the cytochrome P450 
enzyme are associated with breast, adrenal and 
prostate cancers [4]. 

Phytoestrogens also have biological effects 
without going through estrogen receptors. 
Phytoestrogens can activate serotoninergic receptors, 
insulin-like growth factor (IGF) receptors 1, free 
radical binding, induction of DNA methylation, affect 
tyrosine kinases, cycle adenosine monophosphate 
(cAMP), phosphatidylinositol-3 kinase/Akt and 
mitogen-activated protein (MAP) kinases, transcription 
of nuclear factor-kappa β (NF-Kβ) factor, histone 
modification and RNA expression and act as an 
intracellular regulator in the cell cycle and apoptosis 
[6]. This ability causes phytoestrogens to have an 
antioxidant, antiproliferative, antimutagenic and 
antiangiogenic role and can improve health and 
longevity [3], [6], [11]. 

 

Phytoestrogens and reproduction health 

Phytoestrogens have different effects on the 
reproductive process. Genistein can stimulate 
progesterone stimulation in the ovaries, production of 
estradiol and cAMP production, oocyte maturation and 
zygote development in the preimplantation stage. 
Phytoestrogens derived from the green and Indian 
turmeric can inhibit proliferation, increase apoptosis 
and affect steroid hormone release by animal ovarian 
cells. Isoflavones can also change animal sexual 
development, including changes in puberty, disruption 
of the oestrous cycle and ovarian function. Several 
studies suggest that there is an effect of isoflavones 
contained in infant formula milk on their reproductive 
development, although phytoestrogen side effects on 
reproductive health have not been widely reported 
[11], [12].  

Phytoestrogens can also suppress the clinical 
symptoms of menopause caused by a decrease in the 
production of endogenous estrogen. Administration of 
100 mg of isoflavones per day in postmenopausal 
women can reduce vasomotor symptoms. The 
advantage of this phytoestrogen is that it does not hurt 
the breast and endometrium [3], [11], [13]. Also, 
phytoestrogens also do not increase the risk of 
clotting in postmenopausal women [5]. This causes 
phytoestrogens to be a safe alternative to hormone 
replacement therapy [4].  

 

Phytoestrogens and Cardiovascular 
disease 

Several studies have proven the protective 
effects of phytoestrogens on cardiovascular disease. 
Phytoestrogens can reduce total cholesterol and 
improve heart function. Genistein consumption of 200 
mg per day can reduce total cholesterol [14]. 
Consumption of phytoestrogens derived from soy can 
affect plasma lipoprotein levels (lower LDL cholesterol 
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and increase HDL cholesterol), reduce plasma 
triglyceride levels, inhibit oxidised LDL and lower 
blood pressure and C-reactive protein (CRP) [15]. 
Increased phytoestrogen intake results in lower serum 
total cholesterol and LDL levels, and in some cases 
leads to an increase in HDL levels [16]. 

Isoflavones can reduce hypertension through 
vasodilatation effects. Six months of isoflavone 
administration in postmenopausal women has been 
shown to increase endothelial vasodilation and reduce 
the number of cell adhesion molecules such as 
intracellular adhesion molecule 1, vascular cell 
adhesion protein 1 and E-selectin. Isoflavones can 
increase kidney blood flow, excretion of sodium, and 
inhibit the activity of angiotensin converting enzyme 
(ACE). However, the effect of decreasing blood 
pressure by isoflavones is more evident in patients 
with hypertension than normotension [17]. 

Phytoestrogens also affect blood sugar 
regulation. Research on Asian and non-Asian women 
found that phytoestrogens can reduce fasting blood 
sugar levels, circulating insulin and homeostatic 
model assessment for insulin resistance (HOMA-IR), 
but did not affect post prandial blood sugar levels and 
HbA1c [14]. 

It is also proven that the lower incidence of 
chronic diseases is found in East Asian people who 
consume soybeans containing isoflavones and their 
processed products. Contrary to Western populations 
who experience more chronic disease, it is thought 
that they consume fewer soy products [17], [18]. 

 

Phytoestrogens and weight loss 

Another benefit of phytoestrogens is to lose 
weight. Phytoestrogens can increase fat-free mass 
and reduce fat accumulation by inhibiting the life cycle 
of adipocytes. Long-term isoflavone supplementation 
can also reduce visceral fat tissue and serum leptin 
concentration. Phytoestrogens also inhibit a moderate 
degree of inflammation that arises in obesity through 
its antioxidant effects [12], [14]. Some studies suggest 
that phytoestrogens, especially those from soy and its 
products, have a significant effect on weight loss, both 
in animal and in humans studies. A randomised 
controlled clinical trial by Allison conducted on 74 
obese people stated that there was a significant 
weight loss after administration of soy-based meal 
replacement formula. This treatment was carried out 
in two groups (treatment and control groups) for 12 
weeks. At the end of the study, we found a significant 
difference in weight loss between the two groups 
(7.00 kg vs 2.90 kg) [19]. Other studies in animals 
have shown the protective effect of phytoestrogens on 
the risk of obesity in estrogen-deficient mice. 
Administration of phytoestrogens in female albino rats 
which were ovariectomized affected the amount of 
intake and weight. In the group of mice given a diet 
high in phytoestrogens there was a decrease in the 

amount of food intake and increase weight loss 
significantly compared to the control group. This is 
caused by appetite suppression which is one of the 
effects of estrogen. Because phytoestrogens have a 
structure similar to estrogen and can bind to estrogen 
receptors, so, phytoestrogens also have appetite 
suppressing properties. It added again with a 
decrease in the amount of food intake to accelerate 
weight loss [20]. Also, the increase in fat loss can be 
attributed to the capability of phytoestrogens to induce 
the apoptosis of adipocytes, suggesting that at least 
part of the weight loss is ablation of fat cells [21].  

 

Phytoestrogens and hormone-dependent 
tumour 

The use of isoflavones since adolescence is 
associated with a reduced risk of breast cancer 
compared to hormone replacement therapy that can 
increase the risk of breast cancer in menopausal 
women. Phytoestrogens also have a protective effect 
on the risk of endometrial cancer [5]. This is related to 
the properties of phytoestrogens that can act as 
antioxidant, antimutagenic, antiangiogenic, pro-
apoptotic and anti-cancer [12]. 

Estrogen or alpha or beta estrogen receptors 
depend on their concentration. To bind to the alpha 
estrogen receptor, estrogen must have a 
concentration 10 times higher than to bind to the 
estrogen receptor beta. Conversely, phytoestrogens 
can bind to beta receptors at lower concentrations 
than alpha estrogen receptors so that phytoestrogens 
can bind to both receptors at the same time. This is 
what causes the protective effects of phytoestrogens 
on breast cancer and endometrial cancer [6], [12].  

A study conducted in mice found that 
administration of phytoestrogens for 8 weeks did not 
cause changes in the cause of pituitary precancerous 
growth or change in estrogen-sensitive organs such 
as the uterus, ovary, cervix, liver, and kidney. This is 
in contrast to external estrogen-induced effects 
(diethylstilbestrol/DES) which can be induced weight 
increase on the ovary and cervix, as well as gross 
structural changes that include decreases in tissue 
cell density, increases in vascularity, and multiple 
hemorrhagic areas. Although in this study it was found 
that administration of phytoestrogens has not been 
able to reduce the effects caused by DES, 
phytoestrogens can be used as an alternative to 
hormone replacement therapy [23].  

 

Phytoestrogens and bone health 

The results of research on the effects of 
phytoestrogens on bone health are still not consistent. 
Some studies say that there is no relationship 
between phytoestrogen intake and bone health. A 
meta-analysis of randomised clinical trials in humans 
found a weak link between increased intake of soy 
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isoflavones and increased bone mineral density [24]. 
Other studies also state that there are bone sharing 
benefits from the consumption of phytoestrogens. The 
daily consumption of 200 mg/kg phytoestrogens in 
OVX rats for 8 weeks increases the concentration of 
femoral calcium but also increases the weight of the 
uterus. Likewise with the administration of 
isoflavones-rich soy milk for 2 years can increase 
2.4% of bone mineral density in older women [25].  

Also, the administration of phytoestrogens 
combined with vitamin D in aged ovariectomized 
female rats also increases bone mineral density. 
Vitamin D was given as 2,400 IU/kg singly or in 
combination with various types of phytoestrogens 
(resveratrol, quercetin, and genistein) with multilevel 
doses. The results of this study prove that the 
combination of phytoestrogens with vitamin D has 
synergistic effects and may be effective in reducing 
bone loss after menopause [26]. This increase in bone 
mineral density may be caused by the consumption of 
phytoestrogens which can increase osteoblast 
synthesis and reduce bone resorption, but this 
positive effect is obtained from long-term consumption 
of phytoestrogens, at least six months [5]. So, the 
effect of phytoestrogens on bone health is influenced 
by the dose, duration, and age of the subject. For 
many women, adding soy to an already healthful diet 
may be an option to help stave off bone loss in midlife 
[5], [27]. 

 

Phytoestrogens and cognitive function 

The interaction of phytoestrogens with 
estrogen receptors is also a positive influence on 
cognitive function. Phytoestrogens as neuroprotectors 
and antioxidants can reduce the risk of Alzheimer's 
disease [28]. Phytoestrogens affect the workings of 
the nervous system via steroid receptors and 5-
hydroxytryptamine receptors or by increasing 
serotonin reuptake. Also, it also can influence the 
synthesis and uptake of catecholamines through 
estrogen receptors in the plasma membrane [12].  

 

Phytoestrogens and skin health 

Phytoestrogens can act as antiaging in the 
skin through estrogen receptors or increased 
production of hyaluronic acid, collagen, and 
extracellular protein matrix. Also, phytoestrogens can 
also increase vascularisation of skin, proliferation, 
prevent skin from oxidative stress and apoptosis. 
Ageing of the skin can be inhibited by the 
administration of phytoestrogens [3]. 

The protective effects of phytoestrogens on 
skin health can occur through several mechanisms. It 
can reduce UV-induced cell death in cultured 
keratinocytes, improve skin elasticity, increase the 
depth and increase the production of type 1 
procollagen. It offers protection against UV induced 

senescence by significantly upregulating intracellular 
SOD activity in a dose-dependent manner. 
Phytoestrogens also have potent antioxidant effects 
with strong anti-inflammatory properties [29]. Other 
studies also proved that the provision of concentrated, 
isoflavone-rich soy extract during the six consecutive 
months caused significant increases in epithelial 
thickness, the number of elastic and collagen fibres, 
as well as the blood vessels. This study was 
conducted on 30 postmenopausal women before and 
immediately after treatment with 100 mg/day of 
isoflavones-rich, concentrated soy extract for six 
months [30].  

 

Phytoestrogens and the immune system 

Phytoestrogens affect the immune system 
through its ability to inhibit intracellular signalling 
pathways associated with NF-kappaB and immune 
responses. Genistein can suppress specific immune 
responses and lymphocyte proliferation [12]. 

Phytoestrogens suppress the immune 
response in vivo and in vitro. Phytoestrogens can 
suppress specific immune responses and suppress 
lymphocyte proliferation. Also, genistein can inhibit an 
allergic inflammatory response. Genistein can 
increase cytokine production from T cells and 
enhance cytotoxic responses mediated by natural 
killers and cytotoxic T cells [31].  

A study in mice that gave 8-80 mg/kg of 
genistein over 28 days found that there were 46–67% 
decreases in the delayed-type hypersensitivity 
response, and these effects were reversible. Its also 
found that there was a decrease in cell infiltration in 
genetically treated animals compared with controls, 
and the numbers of CD4 + and CD8 + T cells in 
normal lymph nodes were reduced on 
histopathological examination. This study concluded 
that Dietary genistein (1000 or 1500 ppm) decreased 
cell-mediated immunity while producing serum genetic 
concentrations for humans under certain nutritional 
conditions [32]. However, the mechanism of action of 
phytoestrogens for the immune system needs to be 
studied further. 

In conclusion, phytoestrogens have many 
positive benefits for the health of various organs. 
Many sources of phytoestrogens are also spread in 
the world which can be used as an alternative to 
external estrogen substitutes or hormone replacement 
therapy. 
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