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Abstract: Phytoestrogens are components naturally occurring in plants and include many
foods that are part of the regular diet of animals and humans. Phytoestrogens are xenoe-
strogens of plant origin that are not produced in the endocrine system. Phytoestrogens
can act as either agonists or antagonists, depending on their tissue concentrations and the
levels of endogenous estrogens at various life stages. The aim was to evaluate the intake of
phytoestrogens and the estrogenic effect of the diet of women at university in Chihuahua
(Mexico). In total, 400 female university students individually filled out a food frequency
questionnaire (FFQ) that included 120 foods. Estimates of the intake of phytoestrogen
(genistein, daidzein, biochanin A, formononetin, matairesinol, coumestrol, enterolactone,
secoisoresinol, enterodiol) in the subjects’ daily diet were based on published reports.
Quantification of phytoestrogens was expressed in µg day−1. The estrogenic effect of those
compound identified according to the foods consumed was estimated using the in vitro
E-SCREN test. SPSS v.22.0 (IBM, Chicago, IL, USA) was applied for statistical analysis fol-
lowing descriptive analysis and stepwise regression. p < 0.050 was taken as significant. The
results of intake show that the majority of isoflavones are formononetin (median 110.60 (µg
day−1) and their estrogenic activity is 4.11 Eq. E2 (pmol day−1); the majority of lignans
are enterolactone (median 147.24 (µg day−1), and their estrogenic activity is 4.94 Eq. E2
(pmol day−1). The total phytoestrogen estrogenic effect is measured in pM of E2, with a
mean of 28.28 (SD = 23.97) and median of 21.50. The mean consumption of phytoestrogens
in Mexican university students is similar to the consumption found in similar studies in
the United States, England, Germany, and Spain (<1 mg day−1). Phytoestrogens can be
beneficial in adult women during perimenopause and menopause due to their estrogenic
effects, but they are less recommended for women in the fertile stage, as, for example, in
the study presented here, because they could function as endocrine disruptors. They are
not recommended as dietary supplements for young women or pregnant women.

Keywords: phytoestrogen; diet; Mexican women; endocrine disrupter

1. Introduction
Phytoestrogen is a plant-derived xenoestrogen that is not created in the endocrine

system but is instead consumed by consuming plants or manufactured foods. It is a diverse
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group of naturally occurring, non-steroidal plant compounds that have the ability to cause
estrogenic or anti-estrogenic effects. Phytoestrogens are not essential nutrients [1–6]. There
are several phytoestrogen families, including coumestan, lignans, resorcylic acid lactones,
and isoflavone, presents in many foods, such as fruits and vegetables, tea, and wine,
including botanical dietary food supplements [7].

Phytoestrogens can attach to the same estrogen receptors. It is believed that phytoestro-
gens compete with estradiol for binding to intercellular estrogen receptors. The estrogenic
action of phytoestrogens can be either agonistic or antagonistic according not only to their
tissue concentrations but also to the endogenous estrogen levels occurring at different
human life stages [8]. As a weak estrogen, isoflavone can compete with the more potent
natural endogenous estrogens to act as an anti-estrogen, which has important implications
for reducing breast cancer risk. The hormone action of these agents has been known for
some time [9–11], and estrogenic and/or anti-estrogenic effects have been observed in farm
and wild animals, in vivo and in vitro tests, and in humans [3,12–15]. In vitro assays have
shown the estrogenic agonist activity of certain phytoestrogens at lower concentrations,
which stimulate mammary cell proliferation and gene expression of estrogen-dependent
genes, whereas at higher concentrations they may antagonize natural hormones [1,16–18].

Although evolutionary adaptation to phytoestrogens has occurred, exposure to high
concentrations of some phytoestrogens may be associated with a risk [19–21] of alterations
in cellular production, hormone metabolism or action, protein synthesis, and malignant
cell multiplication or angiogenesis, as well as other functions [22–24]. It has been sug-
gested that the high prevalence of hormone-dependent cancers and other disorders in
Western populations could be associated with the decline in fruit and vegetable intake
over the last 50 years [25,26]. Emerging evidence suggests that phytoestrogens may have
a preventive role in chronic disorders, warranting further investigation into their dietary
implications [27], and investigators continue to study the nutritional contribution of these
compounds to metabolic functions as diverse as cholesterol regulation and the maintenance
of postmenopausal bone density [23,28]. Certain phytoestrogens have antioxidant prop-
erties. This also means that, in addition to the potential health benefits of nutrients, they
combat cell damage in the body which is connected to a wide spectrum of chronic disorders,
also known as the anti-aging effect [29]. Recent studies have highlighted the importance of
various dietary supplements, including boron, in maintaining bone health [30].

The most well-studied group is isoflavones, like genistein and daidzein, which appear
to be the strongest and are found in a wide range of foods, especially cereals, legumes, veg-
etables, and fruits, with soybeans being the most plentiful human source [28,31,32]. Lignans
are phytoestrogens found in nuts, grains, plants, seeds, tea, and wine. Lignans are claimed
to have an antioxidant function when they are converted into estrogen-like substances by
naturally occurring bacteria in the body [33]. Daidzein, genistein, and equol are powerful
free radical scavengers and have high antioxidant activity in vitro [34]. Equol’s characteris-
tics decrease skin aging in conjunction with its anti-aging skin effects through the reduction
in oxidative stress cascade events by a combination of a variety of biochemical/molecular
mechanisms and actions to improve human skin health [35]. Lignans exert antioxidant and
anti-inflammatory effects, as well as activity in estrogen receptor-dependent pathways [36].
The neuroprotective properties of phytoestrogens appear to be associated with both their
antioxidant effects and their estrogen receptor interaction. The potential impact of phytoe-
strogens on the thyroid appears to have no significant side effects [37–39]. To understand
the controversies surrounding phytoestrogens as endocrine disruptors, it is critical to have
perspective, as they have both positive and negative connotations. The world’s population
is exposed to these substances that we ingest on a daily basis, regardless of gender, age, or
geographic location [40].
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Leguminous seeds (peas, beans), especially soya products, are the most important
sources of isoflavone in edible plants. Flaxseeds are found to contain the highest total
phytoestrogen levels, closely followed by soya beans and tofu, while lignans are mostly
present in flaxseeds. The levels vary within the same food group, e.g., soy beverages,
depending on the process and type of soybeans used and soy-based products containing
isoflavone. Plant-based products containing soya include miso, soymilk, edamame, and
meat alternatives [7,41,42]. Dried fruits, such as dates, prunes, and dried apricots, are
another good resource of phytoestrogens [28,43,44].

We have published many studies on the estrogenic effects of synthetic and natural
molecules that are part of food, either as natural components, especially of vegetables, or due
to contamination. Most of these molecules have been categorized as endocrine disruptors
following analysis of their in vitro or in vivo behavior in biological media [3,15,17,45].

This study aimed to estimate the estrogenic effect of diet as a basis for its phytoestrogen
content, applying a food frequency questionnaire (FFQ) to obtain data on the dietary
phytoestrogen intake of foods and using the E-screen test to determine the estrogenicity
of ED consumption. The aims of this research were to estimate the dietary exposure to
phytoestrogens of women from the University of Chihuahua, Mexico, to estimate the
potential estrogenic effects of the diet.

2. Materials and Methods
The study included 400 university students from the School of Social Work at the

University of Chihuahua, Mexico (Table 1). All participants signed informed consent docu-
ments to participate in the study, which was approved by the Scientific Ethics Committee
of the University of Chihuahua, Mexico (date: 5 October 2019) [46].

Table 1. Descriptive data of the population were collected.

Age (Years) Weight (kg) Height (m) BMI (kg/m2)

Mean 21.34 63.85 1.61 24.70
Median 20.00 60.00 1.61 23.61

SD 3.57 15.67 0.07 5.53
Minimum 17.00 29.00 1.10 14.30
Maximum 47.00 131.00 1.86 56.20

Percentile
25 19.00 54.00 1.56 20.69
50 20.00 60.00 1.61 23.61
75 22.00 72.00 1.65 27.73

Face-to-face individual interviews were conducted at the University of Chihuahua. The
questionnaire was administered during an academic year (February to May) prior to the
COVID-19 pandemic. Each participant was administered 4 questionnaires by a specially
trained interviewer (D.E.-R.) [46–48]. The first one collected sociodemographic information.
The 2nd was a widely used semiquantitative questionnaire that covered the previous year and
recorded food consumption as the number of times per day, week, or month and the amount
consumed each time in g, mL, or household measures (e.g., full plates, full glasses, teaspoons,
tablespoons, etc.). Daily food and nutrient consumption was calculated (in g or mL) by multi-
plying the standard portion size of the items by the frequency of consumption, categorized as
follows: never = 0; 1–3 times/month = 0.07; 1–2 times/week = 0.21; 3–4 times/week = 0.50;
5–6 times/week = 0.80; 1 time/day = 1; and 2–3 times/day = 2.5. The FFQ involved 120 foods
according to the dietary habits of the Mexican population ranked by food groups (i.e., ten dairy
products, seven cereals, three eggs, six legumes, fourteen meats, five fish, seven fats/oils, four-
teen vegetables, sixteen fruits, twelve desserts, six sweets/snacks, ten beverages/infusions,
four nuts, six miscellaneous) [46,49,50]. The 3rd questionnaire was a 24 h recall of three
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non-consecutive days, including one non-working day. To estimate nutrient and energy intake
(EI), the Mexican Nutrikal dietary nutrient database was used, based on the dietary intake
collected in the semiquantitative FFQ and estimating the amount of each nutrient per 100 g
of food [46,51]. We estimated the intake of phytoestrogens (genistein, daidzein, enterodiol,
biochanin A, formononetin, matairesinol, coumestrol, enterolactone, secoisoresinol) in the
daily diet of the participants based on reports in the literature on their levels in foods [7,43,52].

Daily phytoestrogen consumption (microg day−1) was estimated by multiplying the
quantity of food (g day−1) collected in the FFQ by the respective phytoestrogen values.

In determining the estrogenic activity of phytoestrogens, the chemicals used as stan-
dards for the analysis were genistein (Sigma-Aldrich, St. Louis, MO, USA), formononetin,
daidzein, coumestrol, matairesinol, biochanin A, enterolactone, secoisoresinol, and entero-
diol (Fluka, St. Louis, MO, USA). Stock solutions of chemicals were prepared in ethanol
and stored in a cold room. Working solutions were prepared daily by diluting the stock
solution with ethanol Chromasolv® for HPLC (≥99% ethanol).

Oestrogenicity assays of the tested compounds were performed using the scientific–
technical service platform of the Scientific–Technical Department of the Instituto de Investi-
gación Biosanitaria de Granada, Spain (ibs.GRANADA), supervised by Dr. N. Olea (N.O.).
Briefly, MCF-7 cloned cancer cells were cultured for routine maintenance in Dulbecco’s
modified Eagle’s medium (DME) supplemented with 10% fetal bovine serum (FBS) (BioWit-
taker, Walkersville, MD, USA) in a 5% CO2/95% air atmosphere under saturated humidity
at 37 ◦C. We subcultured cells at weekly intervals using a mix of 0.05% trypsin and 0.01%
EDTA. Sex steroids were eliminated using charcoal and dextran extraction from the serum.
For this purpose, a 5% charcoal suspension (Norit A, Sigma Chemical Co., St. Louis, MO,
USA) was prepared with 0.5% dextran T-70 (Pharmacia-LKB, Uppsala, Sweden). Similar
volume aliquots of the charcoal and dextran suspension were centrifuged at 1000× g for
10 min. The supernatant was removed, and the serum aliquots were mixed with the char-
coal granules. This charcoal/serum mixture was kept in suspension by rolling for six cycles
min−1 at 37 ◦C for 1 h. The suspension was then centrifuged at 1000× g for 20 min, and the
supernatant was filtered through a 0.22 mm filter (Millipore, Billerica, MA, USA). Bovine
and human sera treated with carbon dextran (CDFBS and CDHuS, respectively) were stored
at −20 ◦C until needed; MCF7 cells were used for the estrogenicity test following a slight
modification of the original technique [53]. Briefly, cells were trypsinized and seeded in
24-well plates (Limbro, McLean, VA, USA) at initial concentrations of 0.22 mm and 0.22 mm
(Millerpore, Billerica, Billerica, MA, USA). At initial concentrations of 20,000 cells per well
in 5% FBS in DME, the cells were allowed to settle for 24 h, and then the seeding medium
was replaced by DME without phenol red supplemented with 10% CDFBS or CDHuS.

Various concentrations of phytoestrogen products were added, and the test was
terminated after 144 h by withdrawing the medium from the wells, fixing the cells, and
staining with sulphorhodamine-B (SRB), as previously described elsewhere [17,45]. The
Linearity of the SRB test according to cell number was checked before the cell growth
experiments. The 100% proliferative effect (PE) was estimated as the relationship between
the greatest cell yield achieved with 50 pM estradiol and the proliferation of control
cells without hormones. Each phytoestrogen was tested in triplicate with a negative
(vehicle) and positive (50 pM estradiol) control on each plaque. The PE of the standard
phytoestrogen was referenced to the maximum PE achieved with estradiol, converted
to estradiol equivalent units (Eeq) and expressed as nM concentration reading from a
dose–response curve generated with estradiol (concentration range = 0.1 pM to 10 nM).
The average cell number did not differ significantly from that of the steroid-free controls
at concentrations <1 pM estradiol, equivalent to 1 fmol in 1 mL of culture medium. Thus,
1 fmol of estradiol per well was the minimum detectable estrogen level in this test.
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Concerning cell proliferation in the E-screen bioassay for the listed compounds, MCF-7
cells were prepared with these compounds at the indicated concentrations. Results are
reported as the highest cell multiplication rate caused by the test sample (proliferative
effect). This was measured as the ratio between the maximal proliferation rate obtained for
the test sample and the multiplication rate achieved by the negative control.

SPSS v.22.0 (IBM, Chicago, IL, USA) was applied to the statistical analysis. A de-
scriptive analysis was performed to obtain means, standard deviations (SDs), medians,
maximum and minimum values, and stepwise regression. p < 0.050 was assumed to
be significant.

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
statement was used throughout the study to guide the writing of this article.

3. Results
The estimated phytoestrogens in the diet of the population correspond to the following

groups: (1) isoflavones: daidzein, genistein, formononetin and biochanin A; (2) coumestans:
coumestrol; (3) lignans: enterolactone, enterodiol, matairesinol, and secoisolariciresinol.

The average food servings were estimated from the semiquantitative FFQ, which was
previously validated. The phytoestrogen intake per day was estimated by multiplying the
amount of food reported in the semiquantitative FFQ (Table 2).

Table 2. Foods (g day−1) used to estimate phytoestrogen.

Food (g day−1) Mean Median SD Maximum

Cereals (total) 120.09 93.72 117.04 580.00
White bread 20.31 12.60 37.43 270.00
Other bread 23.34 12.60 35.56 270.00

Breakfast cereal 9.24 5.88 15.17 126.00
Rice 13.84 10.00 16.11 90.00

Flour Tortillas 6.16 0.00 16.15 75.00
Potatoes 15.97 5.60 27.39 175.00

Pasta 26.92 14.70 35.63 175.00
Legumes (total) 46.54 43.00 38.44 223.40

Lentils 2.45 0.90 6.16 75.00
Chickpeas 0.79 0.00 1.90 14.70

Pea 1.89 0.00 5.50 50.00
Kidney beans 2.92 0.00 10.86 70.00

Beans 39.04 40.00 31.08 80.00
Fruit (total) 241.76 164.38 271.92 1744.82

Apples 45.40 22.26 74.46 477.00
Pears 16.85 4.02 33.70 335.00

Oranges 27.34 15.96 37.19 342.00
Bananas 34.01 22.89 43.24 490.50

Tangerines 13.98 5.12 19.74 64.00
Strawberries 20.39 5.40 36.09 180.00

Grapes 19.14 3.42 57.79 513.00
Peaches 13.79 2.31 38.63 346.50
Melon 20.38 4.32 34.88 144.00

Watermelon 19.04 4.29 33.82 143.00
Mangoes 23.44 9.92 32.25 124.00

Sweets (total) 29.43 16.64 39.24 180.00
Jam 2.65 0.90 5.60 30.00

Pastries/Pastry 10.87 2.70 20.47 90.00
Sweet cookie 7.29 4.83 7.86 23.00

Alcoholic Drinks (total) 35.73 9.90 119.66 1009.80
Beer 33.68 9.90 90.94 1485.00
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Table 2. Cont.

Food (g day−1) Mean Median SD Maximum

Red wine 1.31 0.00 6.22 80.00
White wine 0.74 0.00 3.15 40.00

Natural juice 72.60 19.20 145.55 1080.00
Vegetables (total) 207.23 138.36 267.75 1037.22

Tomato 8.73 3.61 12.55 77.40
Onion/garlic 11.05 4.79 15.34 102.60
Green pepper 1.27 0.00 3.95 40.00

Cabbage/Cabbage 23.24 6.39 43.62 213.00
Cauliflower 18.89 6.39 42.47 532.50

Lettuce 11.41 7.56 15.17 90.00
Cucumber 29.55 13.28 35.44 129.48
Pumpkin 22.00 4.68 37.53 390.00

Carrot 24.20 10.16 31.66 127.00
Mushroom 3.22 0.00 14.63 202.50

Spinach 4.98 0.00 14.49 225.00
Broccoli 11.66 3.39 21.92 113.00

Brussels sprouts 10.61 3.39 19.57 113.00
Nuts (total) 7.63 2.84 14.03 94.50

Walnuts 1.72 0.81 3.83 27.00
Peanuts 6.57 2.03 18.14 303.75

Other (total) 130.97 120.87 134.26 945.00
Pizza 24.69 10.80 45.75 360.00

Burritos 107.72 49.14 114.79 585.00

The value corresponding to the desired phytoestrogen is expressed in µg day−1.
Table 3 details the mean amounts and standard deviations of the daily intake of phytoestro-
gens, following the classification by food groups. Table 2 does not include foods of animal
origin (meat, eggs, fish, and dairy products) and sweets and fats since their phytoestrogen
values have not been published so far; it is likely that, in raw foods, they are not present in
these types of compounds.

Table 3. Total estimated intake (µg day−1) of each phytoestrogen.

Mean Median SD Minimum Maximum

ISOFLAVONES
Diadzein (µg day−1) 126.65 10.55 340.14 0.00 3654.46
Genistein (µg day−1) 106.93 109.71 83.45 1.34 289.67

Biochanin A (µg day−1) 3.01 2.90 2.85 0.00 22.43
Formononetin (µg day−1) 106.80 110.60 85.04 1.37 247.66

LIGNANS
Enterolactone (µg day−1) 182.57 147.24 171.69 0.19 813.13
Eneterodiol (µg day−1) 134.57 121.78 118.29 0.16 648.71

Eecoisolariciresinol (µg day−1) 173.16 121.21 199.91 0.22 1389.96
Matairesinol (µg day−1) 22.96 18.26 24.12 0.00 199.17

COUMESTANS
Coumestrol (µg day−1) 0.29 0.08 0.77 0.00 8.30

Average food intake according to the classification by group is expressed in g day−1.
Table 2 shows that the fruit groups had the highest average intake (241.75 g day−1), followed
by vegetables (207.23 g day−1), cereals (120.09 g day−1), and legumes (46.54 g day−1). The
participants do not consider the consumption of soybean and its derivatives of interest,
not reaching 0.5% of the population, with only sporadic mention (less than 1 v/month),
while the intake of nuts (7.63 g day−1), sweets, and candies accounts for 29.43 g day−1,
and these groups correspond to several others, for example, pizza. Burritos, included as
a potential source of phytoestrogens, present mean intake values of 130.97 g day−1. The
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group of alcoholic beverages is not important based on their consumption, but if it is of
interest, natural fruit juices have an average value of 72.6 g day−1.

The quantification of phytoestrogens (µg day−1) was carried out by multiplying the
amount of food by the values corresponding to each compound (Table 3).

The contribution of each food item to the exposure to phytoestrogens (Figure 1) was
estimated using the stepwise regression test values collected in Tables 4 and 5.
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Figure 1. Contribution of each food group to phytoestrogen exposure.

Table 4. Stepwise regression was used to estimate the predictor variables (food) involved in exposure
to phytoestrogens according to the study population.

Daidzein r2 Genistein r2 Secoisolariciresinol r2 Formononetin r2

Fruit 0.271 Legumes 0.903 Cereals 0.719 Other * 0.327
Vegetables 0.322 Nuts 0.990 Fruit 0.937 Fruit 0.415

Various 0.330 Fruit 0.995 Nuts 0.967 Cereals 0.450
Legumes 1.000 Legumes 1.000

Matairesinol r2 Biochanin A r2 Enterolactone r2 Enterodiol r2
Cereals 0.892 Legumes 0.985 Vegetables 0.876 Fruit 0.675

Fruit 0.929 Nuts 0.990 Fruit 0.990 Vegetables 0.949
Sweets 0.945 Natural juice 0.994 Other * 0.986
Various 0.956

* Other: pizza, burritos.

Table 5. Micrograms of phytoestrogens per gram day−1 of food estimated from semiquantitative FFQ.

(g day−1) Daidzein
(µg day−1)

Genistein
(µg day−1)

Formononetin
(µg day−1)

Biochanin A
(µg day−1)

Matairesinol
(µg day−1)

Seicoresinol
(µg day−1)

Enterolactone
(µg day−1)

Enterodiol
(µg day−1)

Coumestrol
(µg day−1)

Cereals
Mean 120.09 2.51 126.07 127.08 0.08 19.08 138.11 7.82 11.48

Median 93.72 1.32 78.88 80.73 0.05 10.93 79.78 5.20 7.72
SD 117.04 3.62 203.48 208.33 0.13 26.35 181.88 11.85 17.81

Maximum 580.00 27.36 1685.81 1730.04 1.07 200.79 1362.32 107.08 161.71
Legumes

Mean 46.54 235.88 97.75 107.63 5.37 -- 0.20 26.86 186.79 0.19
Median 43.00 4.32 99.46 108.48 3.85 -- 0.06 0.00 168.08 0.05

SD 38.44 1247.45 77.62 85.48 12.52 -- 0.71 221.87 194.59 0.69
Maximum 223.40 16,743.65 225.16 350.46 239.18 0.01 8.50 4391.42 2818.73 8.27

Fruit
Mean 241.76 0.57 3.92 0.01 -- 2.22 55.54 63.23 67.42 --

Median 164.38 0.24 2.25 0.00 -- 0.55 22.27 37.23 36.23 --
SD 271.92 0.81 5.28 0.01 -- 5.10 111.41 93.12 97.44 --

Maximum 1744.82 4.24 62.20 0.05 -- 78.7 1632.29 843.68 682.94 --
Vegetables

Mean 207.23 0.62 1.62 -- -- 0.77 16.00 150.67 68.68 --
Median 138.36 0.41 0.72 -- -- 0.35 9.32 92.01 42.56 --

SD 267.75 0.86 2.98 -- -- 1.59 23.47 209.67 87.43 --
Maximum 1037.22 7.77 30.15 -- -- 18.35 255.16 1985.53 712.73 --
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Table 5. Cont.

(g day−1) Daidzein
(µg day−1)

Genistein
(µg day−1)

Formononetin
(µg day−1)

Biochanin A
(µg day−1)

Matairesinol
(µg day−1)

Seicoresinol
(µg day−1)

Enterolactone
(µg day−1)

Enterodiol
(µg day−1)

Coumestrol
(µg day−1)

Sweets
Mean 29.43 0.08 0.02 -- -- 1.09 2.82 0.94 0.94 --

Median 16.64 0.03 0.01 -- -- 0.59 1.13 0.26 0.26 --
SD 39.24 0.14 0.07 -- -- 1.44 4.75 2.80 2.80 --

Maximum 180.00 0.89 0.94 -- -- 8.43 50.44 38.96 38.96 --
Natural juice

Mean 72.60 0.22 0.05 -- -- -- 1.42 7.72 6.28 --
Median 19.20 0.05 0.01 -- -- -- 0.34 1.87 1.52 --

SD 145.53 0.47 0.11 -- -- -- 2.98 16.26 13.23 --
Maximum 1080 3.02 0.73 -- -- -- 19.32 105.24 85.62 --

Alcoholic Beverages
Mean 35.73 0.03 0.07 0.16 0.06 0.22 2.84 -- -- --

Median 9.90 0.01 0.02 0.04 0.01 0.00 0.00 -- -- --
SD 119.66 0.08 0.21 0.47 0.16 1.79 23.31 -- -- --

Maximum 1009.80 0.96 2.70 5.98 2.04 35.33 461.22 -- -- --
Nuts

Mean 7.63 1.09 7.87 0.33 0.33 0.11 14.36 3.44 -- --
Median 2.84 0.34 2.43 0.10 0.10 0.04 4.66 1.06 -- --

SD 14.03 2.92 21.74 0.91 0.91 0.32 37.24 9.51 -- --
Maximum 94.50 48.87 364.51 15.19 15.19 3.32 613.41 159.47 -- --

Other *
Mean 130.97 142.05 0.12 0.06 -- 0.68 5.01 2.87 9.86 --

Median 120.87 117.14 0.05 0.05 -- 0.26 4.02 1.83 7.62 --
SD 134.26 194.32 0.34 0.08 -- 2.12 6.66 5.60 12.93 --

Maximum 945.00 1056.62 6.26 0.43 -- 38.8 37.88 93.86 76.29 --

* Other: pizza and burritos.

We performed an estimation of the estrogenic capacity of a diet from the intake of
phytoestrogens. The estrogenic effects of phytoestrogens identified according to the foods
consumed by the study population were assessed.

Table 6 presents data on the concentration in which each phytoestrogen tested showed
its maximum proliferative effect on the E-screen (concentration). We determined the maxi-
mum proliferation rate for each compound at the optimal concentration (proliferative effect)
and estimated the relative proliferative potency (PPR) and relative proliferative efficacy
(RPE). According to these results, it was observed that daidzein, genistein, biochanin A, and
formononetin exhibit a medium agonist estrogenic effect, since they behaved in the E-screen
test in the same way as the E2 test at a maximum response concentration of 10−10 M.

Table 6. Estrogenicity of phytoestrogen intake by the population.

Product
Concentration
of Maximum

Proliferative Effect

Proliferative
Effect PPR (%) EPR (%)

Positive control E2 (1 × 10−10 M) 1 × 10−10 M 6.61 ± 0.30 100.00 100.00
Negative control (Culture medium) --- 1.00 ± 0.14 --- ---

Daidzein 1 × 10−5 M 6.24 * ± 0.02 0.001 94.40
Genistein 1 × 10−5 M 6.37 ± 0.12 0.001 96.36

Biochanin A 1 × 10−5 M 7.11 ± 1.32 0.001 107.56
Formononetin 1 × 10−5 M 6.53 ± 1.25 0.001 98.78

Coumestrol 1 × 10−5 M 3.09 * ± 0.18 0.001 46.74
Enterolactone 1 × 10−5 M 1.16 ± 0.05 0.001 17.54
Matairesinol 1 × 10−5 M 1.59 * ± 0.14 0.001 24.05
Enterodiol 1 × 10−5 M 1.62 ± 0.04 0.001 24.50

* Significant difference versus negative control, estimating growth = 1; p < 0.05.

With these results and knowing the average exposure to these molecules in the daily
diet, the potentially estrogenic effect attributable to phytoestrogens was estimated using
estradiol (17-β E 2) as a reference. The results of this estrogenic effect are presented in
Table 7.
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Table 7. Estrogenic effects were estimated using the mean intake of phytoestrogens.

Mean Median SD Minimum Maximum

ISOFLAVONES
Diadzein (µg day−1) 126.65 10.55 340.14 0.00 3654.46

* Eq. E2 (pmol day−1) 4.98 0.41 13.87 --- 14.37
Genistein (µg day−1) 106.93 109.71 83.45 1.34 289.67
Eq. E2 (pmol day−1) 3.85 4.06 3.08 0.50 10.12

Biochanin A (µg day−1) 3.01 2.90 2.85 0.00 22.43
Eq. E2 (pmol day−1) 0.11 0.10 0.80 ---- 0.77

Formononetin (µg day−1) 106.80 110.60 85.04 1.37 247.66
Eq. E2 (pmol day−1) 3.97 4.11 3.16 0.05 9.21

LIGNANS
Enterolactone (µg day−1) 182.57 147.24 171.69 0.19 813.13

Eq. E2 (pmol day−1) 6.12 4.94 5.95 0.006 21.25
Eneterodiol (µg day−1) 134.57 121.78 118.29 0.16 648.71

Eq. E2 (pmol day−1) 4.45 4.03 3.91 0.005 21.45
Secoisolariciresinol (µg day−1) 173.16 121.21 199.91 0.22 1389.96

Eq. E2 (pmol day−1) 4.18 3.34 5.52 0.006 38.36
Matairesinol(µg day−1) 22.96 18.26 24.12 0.00 199.17

Eq. E2 (pmol day−1) 0.64 0.51 0.67 --- 5.56
COUMESTANS

Coumestrol (µg day−1) 0.29 0.08 0.77 0.00 8.30
Eq. E2 (pmol day−1) 0.001 0.003 0.03 --- 0.31

* Total refers to pM of E2, with a mean of 28.28 (SD = 23.97) and median of 21.50.

4. Discussion
The effects of phytoestrogens are very varied [23], with the following properties de-

scribed: anticancer effects [25], cardiotonic effects attributed to the flavonoid quercetin
and, to a lesser extent, to genistein and lutein [54], improving the resistance of capillar-
ies and helping prevent them from breaking (hesperidin, rutin, and quercetin) [55], the
ability to prevent the formation of thrombi in blood vessels, and the ability to lower the
concentration of cholesterol and triglycerides [25,56]; hesperidin has anti-inflammatory
and analgesic properties [57], but only its antioxidant effect has been demonstrated with
persistent results [36] in addition to estrogenic/anti-estrogenic effects [34].

The dietary intake of phytoestrogens has been reported to be <1 mg day−1 in Europe
and the United States [44,58] and considerably higher (>20 mg day−1) in Japan and Korea,
attributable to the elevated consumption of soy derivatives such as natto, miso, and tofu [59–62].

Our research group has published numerous studies on the estrogenic effects of natural
and synthetic molecules in foods, especially vegetables. Many of these molecules have
been classified as endocrine disrupters after analyses of their behavior in biological media
in vitro or in vivo [3,15,17,45].

There has been considerable research on the hormonal effects of phytoestrogens and
interest in their intake in the diet or as supplements. We describe here a technique to
estimate the estrogenic effect of diet as a function of its phytoestrogen content using a food
frequency questionnaire (FFQ) to collect data on the dietary intake of phytoestrogens and
apply the E-screen test to establish the estrogenicity of the phytoestrogens consumed.

The diet of this population of Mexican women was estimated to have a mean total
estrogenic capacity of 0.129 × 10−10 eq.E2 (12.9 pmol day−1). The mean was elevated and
equivalent to the hormonal capacity of individuals who produce between 0.3 and 14 pmol
day−1 according to age and other factors [63]. Regarding the estrogenic effect, the effects
of this additional burden are highly controversial, and no definitive conclusion has been
reached. Exposure to the estrogenic activity of these chemicals can be positive or negative,
and exposure is considered a risk at any age [64–66]. However, many phytoestrogens are
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considered endocrine disruptors, suggesting that they may also have an adverse effect on
health. The response is probably complex and may depend on age, health status, and even
the presence or absence of specific gut microflora [67–69].

Phytoestrogens are present in numerous dietary supplements and are widely marketed
as a natural alternative to estrogen replacement therapy. However, the true effect of these
substances has not yet been established. The consumption of isoflavone and fiber by
menopausal women has not been definitively demonstrated to have a protective effect
against vasomotor symptoms, and almost all recent research suggests that their favorable
or unfavorable effects can only be verified in studies of very large populations [38]. Some
authors have shown that the intake of traditional plant extracts rich in phytoestrogens,
such as red clover, soybean, and hops, can reduce menopausal symptoms [11,20].

The only adverse effect of soy intake has been the occurrence of endometrial hyper-
plasia in some investigations, although analysis of the clinical and pharmacological data
indicates that this disease does not occur when soy isoflavones are administered at the usual
therapeutic doses [70]. In summary, the novel contribution of this study was to estimate
the average dietary intake of phytoestrogens in this population from FFQs and literature
data on the isoflavone content of foods, applying the E-screen method to determine the
estrogenicity of the assessed isoflavone content, using cell proliferation as an endpoint.
The data on the intake of specific populations may allow progress in elucidating the impli-
cations of phytoestrogen consumption, while in other foods, phytoestrogens are present
in quantifiable amounts, highlighting significant amounts of genistein and seicoresinol
in cereals and formononetin in legumes. Although soybeans are an important source of
phytoestrogen, our subjects do not consider the consumption of soybean and its derivatives
of interest, not reaching 0.5% of the population with only sporadic mention (less than
1 v/month).

5. Conclusions
Phytoestrogen can be beneficial in adult women during perimenopause and menopause

due to their estrogenic effects, but they are less recommended in women in the fertile stage,
as, for example, in the study presented here, because they could function as endocrine
disruptors. They are not recommended as dietary supplements for young women or
pregnant women.

Phytoestrogens, as components of plant foods, are included in any healthy diet rich
in vegetables, such as the Mediterranean diet, so it would be a good recommendation to
abandon the Western diet and introduce, as far as possible, habits of the Mediterranean
diet rich in vegetables.

In relation to the limitations of this study, caution should be taken in extrapolating the
present 400, highly specific studied subjects, young women with university status, to the
general population, given the specific nature of this study sample, which was drawn from
healthy women not receiving estrogen supplements. The exclusion of soy products due to
low consumption (<0.5%) in the sample misses an important source of phytoestrogens that
could offer comparative insights. Reliance on self-reported dietary data through the FFQ
can introduce recall bias, potentially skewing the results. The current study did not explore
the long-term health implications of phytoestrogen intake, which limits its applicability to
chronic health outcomes.
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