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Highlights 

- Women spend many years of their life with low levels of circulating estrogens 

- Intake of phytoestrogens can counteract the ovary’s inability to secrete estrogens 

- Regular consumption of soybean in the diet can improve menopause-related symptoms 

- Thirty days of soy consumption improve psychophysical and biochemical parameters  

 

 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 January 2021                   doi:10.20944/preprints202101.0601.v1

https://doi.org/10.20944/preprints202101.0601.v1


3 
 

Abstract 

Menopause is the last step in the reproductive history of a woman. The ovaries stop producing 

hormones and the body reacts by lowering its functions, including the neuronal one. Phytoestrogens 

are plant products with estrogen-like activity able to affect many body functions. The aim of the 

present experiment was to study the effects of 30 days of regular consumption of a soy-enriched bread 

containing a known amount of phytoestrogens (genistein and daidzein) in climacteric or menopausal 

women.  

Women at different stages of menopause (climacteric, within 5 years of menopause, more than 5 

years of menopause) were asked to include in their diet 200 g/day of a bread containing 40 mg of 

phytoestrogens. The effect of the regular consumption of this bread on common menopausal 

symptoms and neurophysiological, hormonal and antioxidant parameters were determined before and 

after 30 days through questionnaires and experimental tests. Phytoestrogens were measured in the 

urine. 

In all groups, there was a significant increase of phytoestrogens in the urine and a decrease of the 

classical symptoms of menopause (i.e. hot flushes) as well as a significant improvement in attentional 

performance tests, the quality of life index and pain intensity.  

Phytoestrogens are confirmed as an important supplement in aging women due to their ability to 

induce estrogen-like effects without the potential side effects of estrogens. Their presence in a soy-

enriched bread, a food commonly present in meals, avoids consideration of their consumption as a 

drug.  

Keywords: menopause, women, phytoestrogens, bread, soy 
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INTRODUCTION 

Menopause is a physiological condition during which women experience an abrupt change in their 

body aspect and functions due to the rapid decline of gonadal hormones, in particular estrogens. Until 

a few years ago, these hormones were considered mainly related to reproductive activity; they were 

not adequately considered with respect to functions such as cognition, circulation, digestion and many 

others not strictly related to reproduction but of crucial importance for health, particularly during 

aging [1]. The important involvement of gonadal hormones in these functions is confirmed by the 

observation that they are significantly affected by menopause [2]. For instance, after menopause the 

decrease of estrogens impairs cognitive functions (with loss of memory and attentional capacity), 

triggers the uncomfortable symptoms of hot flushes, night sweats, sleep disturbances and vaginal 

dryness, and increases the incidence of cardiovascular and metabolic diseases [3,4,5]. Most of these 

conditions are treated with drugs like antidepressants, without consideration of the possible hormone 

dependence, and subsequently the use of hormone replacement therapy (HRT) [6]. In fact, HRT was 

considered a possible solution [7,8,9], although the results of the Women’s Health Initiative (WHI) 

trial indicated the possibility that long-term HRT would increase the risks of stroke and venous 

thromboembolism [10]. Therefore, following the publication of the WHI results the use of estrogen 

to treat postmenopausal symptoms has been limited. In this context, therapies based on 

phytoestrogens are supposed to represent a promising alternative to HRT [11]. Indeed, the important 

role played by phytoestrogens to mimic many of the estrogen-related functions is now widely 

accepted [12,13]. These molecules, present in numerous plants and structurally and functionally 

similar to estrogens, are known to have a great effect on many body functions [14]. Some 

epidemiological studies suggest that dietary intake of phytoestrogens can contribute to the decreased 

incidence of postmenopausal cardiovascular disease [15] and that they are significantly more 

effective than placebo in reducing the frequency of hot flushes [16]. A recently published meta-
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analysis in non-Asian postmenopausal women suggested that soy isoflavone supplementation could 

reduce body weight and improve glucose metabolism [17]. 

Isoflavones, lignans and coumestans are the most extensively studied phytoestrogen groups. 

Isoflavones are present in various edible plants, being most abundant in soy [18,19]. Their estrogenic 

activity is enhanced after metabolism to more active compounds such as genistein and daidzein by 

gut microbiota [20]. Once absorbed, genistein and daidzein undergo metabolic changes in the liver to 

be eliminated easily by the biliary tract and then reabsorbed, entering an enterohepatic cycle; 

significant quantities are then eliminated in the urine [21]. In people who consume soybean, blood 

levels of genistein and daidzein are higher than endogenous estrogens [22]. These molecules have a 

marked estrogenic activity, albeit 1000 times less than endogenous estrogen, and a maximum half-

life of 24 hours, so daily intake is necessary to induce the positive effects and to ensure a constant 

level of phytoestrogens in the body [23]. 

Phytoestrogens bind to the estrogen receptor (ER) to carry out estrogenic and/or antiestrogenic 

activities [24,25], with preferential affinity for ERβ [26]. Phytoestrogens have been studied for their 

possible involvement in the prevention and/or treatment of a variety of pathological conditions, such 

as cancer, metabolic and cardiovascular diseases, neurodegeneration, inflammation and osteoporosis 

[26,27]. The biological activity of isoflavones on ERs seems to depend on the level of endogenous 

estrogens, since at high levels of endogenous estrogens the isoflavones exert antagonistic activity 

while at low levels they act as ER agonists [28]. Thus, in climacteric or menopausal women, their 

action as agonistic compounds would be beneficial. However, notwithstanding the increasing interest 

in their use, there is still ‘resistance’ to the inclusion of products containing phytoestrogens in the 

diet.  

The aim of the present study was to test the possibility that menopausal women consuming a correct 

amount of phytoestrogens with bread every day would show signs of phytoestrogen-related beneficial 

effects. The effect on hot flushes, mood, general health, cognitive abilities and antioxidant profile are 

reported.  
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METHODS  

Subjects 

Thirty healthy women recruited in the general population were asked to participate in the study. The 

inclusion criteria were as follows: presence of climacteric or menopausal status, no metabolic 

disorders, signing of the informed consent form. The exclusion criteria were: hormone replacement 

therapy, professionally practicing sports, undergoing body mass reduction, any special diet (including 

regular use of soy products). Experimental procedures were carried out in agreement with the Code 

of Ethics of the World Medical Association (Helsinki Declaration). All participants gave their 

informed consent in writing before participation.  

Depending on their reproductive status, three groups were formed independently of age:  

• Group 1: women with menses alteration due to the climacteric phase  

• Group 2: women with absence of menses for 1 to 5 years  

• Group 3: women with absence of menses for >5 years  

Experimental procedure 

The study was organized in two phases: TEST 1 (Baseline) and TEST 2 (30 days later). 

During TEST 1, all subjects met a trained researcher to provide general data, to fill in questionnaires, 

to undergo tests and to give biological samples. After TEST 1, all participants were asked to include 

in their meals 200 g/die of soybean-enriched bread (Pariv Srl, Siena, Italy). No other dietary 

suggestions were given and the women had to continue their normal feeding and physical exercise 

habits. After 30 days, TEST 2 was carried out during which all the women were asked to repeat the 

measurement procedure of TEST 1. 

The following experimental parameters were collected for each subject during TEST 1 and TEST 2:  

➢ Anthropometric measures and Bioelectrical Impedance Analysis (BIA)  

➢ Quality of life state by means of questionnaires: 

o Ad hoc questionnaires created to assess menopause-related symptoms: 
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▪ Number of hot flushes per day 

▪ Intensity of hot flushes (0-10) 

▪ Sexual desire (0-10) 

▪ Quality of night sleep (0-10)  

o Profile of Mood States, POMS 

o Short Form (36) Health Survey, SF-36  

o Pain questionnaires:  

▪ Visual Analogue Scale, VAS 

▪ Italian Pain questionnaire, QUID  

➢ Zimmerman and Fimm’s Test of Attentional Performance  

➢ Urine to measure daidzein, genistein and creatinine (as normalized factor)  

➢ Saliva to measure cortisol and testosterone  

➢ Blood to measure antioxidant parameters: thiols and disulfides  

o Red blood cells, RBC 

o Plasma  

Anthropometric measures. Weight and height measurements were carried out with an electronic 

medical scale and a statiometer. The values were used to calculate the Body Mass Index (BMI) using 

the Quetelet equation ([kg/m²] = P [kg] / A² [m²]).  

Bioelectrical Impedance Analysis (BIA). Bioelectrical impedance analysis (BIA) (Akern Srl, 

Firenze, Italy) is a commonly used method to estimate body composition. Impedance/resistance (Rz) 

and reactance values were analyzed with specific software (BodyGram 1.31) to obtain the following 

parameters: body cell mass (BCM) and body cell mass index (BCMI), total body water (TBW), 

extracellular water (ECW), fat mass (FM), fat free mass (FFM) [29]. 

Profile of Mood States (POMS). POMS, consisting of 58 items rated on a 5-point scale, measures 

the current psychological state of the subject [30,31]. It comprises six subscales: Tension-Anxiety (T-

A), Depression-Dejection (D-D), Anger-Hostility (A-H), Vigor-Activity (V-A), Fatigue-Inertia (F-I) 
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and Confusion-Bewilderment (C-B). In each subscale, values higher (T-A, D-D, A-H, F-I, C-B) or 

lower (V-A) than 55 were considered significantly altered with respect to the normal population [32]. 

Short Form (36) Health Survey (SF-36). The Italian version of the SF-36 questionnaire [33] is a 

generic multidimensional instrument for assessing quality of life. It consists of 36 items grouped into 

two components and divided into eight scales: the first four scales, physical functioning (PF), role 

physical (RP), bodily pain (BP) and general health (GH), are included in the Physical Component 

Summary (PCS-36); the other four, vitality (V), social functioning (SF), role emotional (RE) and 

mental health (MH), are included in the Mental Component Summary (MCS-36). Individual items 

are scored on a 0-100 standardized Likert scale. For each scale, a higher score indicates a better 

quality of life and lower limitations.  

Visual Analogue Scale (VAS). VAS (0-10) was used to estimate the average pain intensity suffered 

during the previous week at three times of the day: morning, afternoon, night. VAS is a 10 cm 

horizontal line, anchored at the extremes by “no pain” (0) and “worst pain possible” (10) [34]. 

Italian Pain Questionnaire (QUID). QUID is a reconstructed Italian version of the McGill Pain 

Questionnaire used to determine the quality and intensity of the current pain experience [35]. It is a 

semantic interval scale consisting of 42 descriptors divided into four main classes: sensory, affective, 

evaluative, miscellaneous. All the ranks were added to obtain the Pain Rating Index Rank-Total 

(PRIr-T). The Present Pain Intensity (PPI) was also recorded on a 6-point scale (0-5). 

Zimmerman and Fimm’s Test of Attentional Performance. This test evaluates the sustained 

attention of the subject [36]; it is a cognitive computer test assessing several aspects of attentional 

control: vigilance, sustained attention, working memory and response inhibition (go/no-go). The 

mean reaction time (RT = time in milliseconds from stimulus to response) and the number of correct 

responses as percentage of total responses (% CR) during the test (accuracy) were determined to 

provide a combined estimate of the subject’s performance. Each subject was seated in a comfortable 

reclining chair in front of the computer screen at a distance of about one meter, with the fingers of 

the dominant hand on a button on a modified computer keyboard (SuperLab Pro, Cedrus Corporation, 
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USA). Figures were presented on the computer screen that could be different or the same in shape, 

color (red, green, blue) and size (small, medium, large); the subject had to respond by pressing the 

button only if the figure that appeared was equal to the previous one in form, color or size.  

Analysis of genistein, daidzein and creatinine in the urine. Genistein and daidzein were 

determined in the first-void urine together with creatinine used to normalize values. Two hundred 

microliters (0.2 ml) of urine were incubated overnight with 0.55 ml of 0.17 M ammonium acetate 

buffer pH 4.6 and 50 µl glucuronidase (20000 U/ml). Samples were then extracted twice with 0.5 ml 

diethyl ether and the pooled extracts were dried with a CentriVap centrifugal vacuum concentrator 

(Labconco), 60 min, 60 °C [37]. The resulting pellets were resuspended in 50 µl of 80% (v/v) 

methanol followed by acidification with 3.5 l of 60% (w/v) trichloroacetic acid. Finally, samples 

were centrifuged at 10,000xg for 2 min and the supernatants were analyzed by HPLC.  

HPLC separation was performed on a C18 column (Zorbax Eclipse XDB-C18) thermostated at 25 °C. 

Elution was performed as follows: 0-10’: 26% solvent B; 10’-15’: 31% solvent B; 15’-15’50’’: 100% 

solvent B, where solvent A was 0.25% (v/v) acetic acid pH 3.10 and solvent B was acetonitrile. A 

constant flow rate of 1.2 ml/min was applied. Detection was performed at 247 nm wavelength for 

daidzein and 259 nm for genistein. An Agilent series 1100 HPLC (Agilent Technologies, Milan, Italy) 

equipped with diode array and a fluorimetric detector was used for all determinations [38]. 

Analysis of creatinine was carried out on urine samples according to the Jaffe reaction [39]. Briefly, 

diluted samples (1:20) were reacted with picric acid under alkaline conditions to form a characteristic 

yellow-orange complex. After a 15-min incubation, the absorbance spectrum was analyzed in the 

wavelength range 700-350 nm, revealing a peak at 490 nm. In order to remove interference of non-

specific substances from the calculation, the difference in color intensity measured at 490 nm before 

and after sample acidification was considered. 

Measurement of thiols and disulfides in the blood: red blood cells (RBC) and plasma. About 2 

ml of blood were collected from the antecubital vein into tubes containing ethylenediaminetetracetic 

acid and 1 ml was immediately transferred into microfuge tubes containing 100 l of 310 mM N-
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ethylmaleimide (NEM) for analyses in RBC and for disulfide analyses in plasma. After a 30-s 

incubation, samples were centrifuged at 10,000xg for 30 s and cleared of the supernatant plasma, 

which was stored at -80 °C. The precipitated erythrocytes were then washed by mixing with normal 

saline, re-centrifuged at 10,000xg for 30 s and separated from the supernatant saline; one aliquot of 

them (0.2 ml) was deproteinized by addition of 15% (w/v) TCA (1:1 volume). Intra-erythrocytic 

glutathione (GSH) and glutathione disulfide (GSSG) levels were measured in the clear supernatant. 

Specifically, the GSH-NEM conjugate was measured by UV/Vis HPLC [40], whereas GSSG was 

measured by the GSH recycling method with minor modifications [41]. The rest of the blood was 

centrifuged at 10,000xg for 30 s to obtain plasma. Both low molecular mass thiols (LMM-SH) and 

protein thiols (P-SH) were measured in fresh plasma by HPLC and spectrophotometry, respectively. 

Conversely, low molecular mass disulfides (LMM-SS) and S-thiolated proteins (RSSP) were 

analyzed in plasma samples obtained from blood treated with NEM. The P-SH were quantified by 

colorimetric reaction with Ellman’s reagent [42]. LMM-SH, LMM-SS and RSSP were measured by 

fluorimetric HPLC after labeling of the –SH group with monobromobimane [43]. The Protein 

Thiolation Index (PTI) was calculated as the ratio between S-thiolated proteins and P-SH groups in 

plasma [44]. 

Cortisol and testosterone determinations in saliva. Saliva samples were collected using the 

Salivette collection device (Sarstedt Inc., Numbrecht, Germany) [45]. The subjects took a cotton wool 

tamponade out of a small tube, placed it in their mouth and chewed on it for 30-45 s, after which they 

put the tamponade back into the tube. Samples were then centrifuged and stored at -30 °C until 

hormone determination using commercially available kits. Samples were assayed in duplicate for 

salivary cortisol and testosterone by ELISA kits, without modification of the manufacturers’ 

recommended protocols (Mybiosource, San Diego, USA). For cortisol, the kit was based on 

competitive binding and the sensitivity was 0.049 ng/ml, the intra-assay variation was less than 8% 

and the inter-assay variation was less than 10%. For testosterone, the kit was based on the quantitative 
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sandwich ELISA method and the sensitivity was 25 pmol/L, the intra-assay and inter-assay variations 

were less than 15% for both. 

Soybean-enriched bread 

A well-known local bakery (Pariv Srl, Sinalunga, Siena, Italy) agreed to produce the soy-enriched 

bread and to supply all experimental subjects with two pieces (200 g each) of the bread every two 

days. This particular bread contains 20 mg/100 g of phytoestrogens derived from yellow soy as 

described by Ricci et al. (in preparation). 

Statistical analysis 

Data are presented as mean ± SEM. Comparisons of variables analyzed at different time intervals 

were carried out by analysis of variance (ANOVA) with the Bonferroni multiple test with the factors 

Group (3 levels: Group 1, Group 2, Group 3) and Test (2 levels: Test 1, Test 2) [46]. The Wilcoxon 

matched pairs test was applied to data collected in a low number of subjects. All analyses were 

performed with Statistica® software. A level of p ≤ 0.05 was considered statistically significant. 
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RESULTS  

Bread composition 

The bromatological composition of the bread, the energetic value and the content of phytoestrogens 

(genistein and daidzein) are reported in Table 1. 

Table 1. Bromatological composition of the soybean-enriched bread per 100 g of the product. Phytoestrogens content 

and energetic value 

 

Components  

(100 g)         

% 

Proteins 13.6% 

Lipids  4.9% 

Carbohydrates 34.9% 

Fiber 

………………… 

7.1% 

…………………………………………. 

Phytoestrogens 
(mean±SD) 

………………… 

21.2±1.9 

 

…………………………………………. 

Energy  
(kCal) 

251.68 

 

 

Study subjects  

Out of the 30 women enrolled, 24 completed most of the experimental procedures. The baseline 

characteristics are shown in Table 2. The higher number of smokers present in Group 1 is to be noted.  

Analysis applied to BMI and BIA data (data not shown) showed no differences among groups or 

between tests.  

Table 2. Baseline characteristics of subjects enrolled in the study divided into three groups depending on their menopausal 

state: Group 1: climacteric phase; Group 2: absence of menses for 1 to 5 years; Group 3: absence of menses for >5 years. 

 

Characteristics Group 1 

(n=8) 

Group 2 

(n=8) 

Group 3 

(n=8) 

Mean±SEM Mean±SEM Mean±SEM 

Age (years) 50.5±1.1 55.3±0.7 59.4±2.0 

Weight (kg) 64.5±3.5 66.4±4.6 64.1±2.3 

Height (m) 1.64±0.02 1.63±0.02 1.62±0.02 

Smoker 50% 20% 10% 

Questionnaires 
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Results of the menopause-related questionnaires are reported in Figure 1. There was a significant 

decrease in the number of hot flushes/day from Test 1 to Test 2 (p<0.01). The intensity of HF and the 

sexual desire did not change from Test 1 to Test 2. For night sleep quality, there was a marginally 

significant interaction (p=0.06) due to Group 3 reporting a significant improvement from Test 1 to 

Test 2 (p<0.01).  

POMS 

As shown in Table 3, most of the values obtained from the POMS questionnaire during Test 1 were 

outside the normal range (more or less than 55). The consumption of soy-enriched bread resulted in 

a significant decrease (improvement) of the following subscales independent of the groups: Tension-

Anxiety (p=0.01), Depression-Dejection (p=0.01), Fatigue-Inertia (p=0.006), Confusion-

Bewilderment (p<0.001). The Anger-Hostility and Vigor-Activity subscales did not show significant 

changes from Test 1 to Test 2.  

 

Table 3. Profile of Mood States (POMS) determined in the three experimental groups: Group 1: climacteric phase; Group 

2: absence of menses for 1 to 5 years; Group 3: absence of menses for >5 years. Abbreviations: T-A (Tension-Anxiety), 

D-D (Depression-Dejection), A-H (Anger-Hostility), V-A (Vigor-Activity), F-I (Fatigue-Inertia), C-B (Confusion-

Bewilderment). Reference value is lower than 55 in T-A, D-D, A-H, F-I, C-B; higher than 55 in V-A 

  
POMS T-A POMS D-D POMS A-H POMS V-A POMS F-I POMS C-B 

Group 1  Test 1 

Test 2 

54.12±3.34 
50.12±3.27 

58.12±4.68 
49.12±3.67 

54.25±4.68 
51.50±4.77 

48.50±2.87 

53.75±3.34 
62.50±5.75 
56.50±4.27 

60.00±4.05 
50.37±2.84 

Group 2  Test 1 

Test 2 

57.22±3.63 

53.44±4.09 
58.55±4.71 
55.44±4.79 

60.67±4.52 
56.89±4.95 

52.44±2.52 
51.11±2.25 

62.22±4.75 
57.89±5.66 

58.22±4.02 

53.33±4.52 

Group 3  Test 1 

Test 2 

57.62±5.81 
51.12±3.58 

58.00±5.81 
51.12±3.58 

59.37±5.14 
53.00±2.42 

51.75±4.46 
54.50±3.72 

63.87±5.67 
56.75±3.98 

60.75±4.77 
48.37±3.34 

 

SF-36 

The aim of the SF-36 questionnaire is to give information about the quality of life of the subjects. 

The components can be grouped into two main components, the Physical (PCS-36) and the Mental 

(MCS-36). For the PCS-36 components (Fig 2), treatment induced a significant increase 

(improvement) from Test 1 to Test 2 in physical functioning (PF, Test: p<0.01) and role physical (RP, 

Test: p=0.05), while bodily pain showed a significant interaction (BP, Group x Test: p=0.03) due to 
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the increase from Test 1 to Test 2 in Group 2. There was no significant difference in general health 

(GH). For the MCS-36 components, significance was found in social functioning and role emotional 

(SF, RE, Test: p<0.002 and p=0.02 respectively) due to an increase from Test 1 to Test 2; vitality (V) 

and mental health (MH) did not show significant changes.  

Pain evaluation. VAS and QUID 

Chronic pain was present in 19 subjects. Only women reporting pain were included in the analysis. 

VAS was considered separately in the morning, afternoon and night. The morning and afternoon pain 

intensity decreased from Test 1 to Test 2, as shown by significance of the factor Test (p=0.007 and 

p<0.01, respectively). No changes were found for the night determination (Table 4).  

ANOVA applied to the QUIDs component revealed a significant effect of Group (p=0.01) and Test 

(p=0.01) due to the higher levels in Group 2 than in Groups 1 and 3 (p<0.01 both) and the decrease 

from Test 1 to Test 2 (Table 4). For the PRIr-T, there was significance of the factor Group (p<0.02) 

due to the higher levels in Group 2 than in Groups 1 and 3 (p<0.05 both). No significant changes 

were recorded in the other components and PPI. 

Table 4. Pain parameters determined in the three experimental groups (only women with pain were considered): Group 

1 (n=6): climacteric phase; Group 2 (n=8): absence of menses for 1 to 5 years; Group 3 (n=5): absence of menses for >5 

years. Visual Analogue Scale (VAS: 0-10) and Italian Pain Questionnaire (QUID), abbreviations: s (sensorial), a 

(affective), e (emotional), m (miscellaneous), PRI-T (Pain Rating Index rank-Total), PPI (Present Pain Intensity, 0-5). 

Values are reported as Mean ± SEM 

 

 

 

 

 

 

QUID QUIDs QUIDa QUIDe QUIDm PRIr-T PPI 
Group 1 Test 1 

Test 2 

3.33±0 .76 
1.33±0.33 

0.00±0.00 
0.17±0.17 

2.17±0.54 
1.67±0.67 

0.17±0.17 

0.00±0.00 
5.67±1.38 
3.17±0.83 

1.33±0.21 
1.33±0.42 

Group 2 Test 1 

Test 2 

7.62±1.29 

5.37±1.47 
3.50±1.12 
2.12±1.31 

3.87±1.02 
1.87±0.64 

2.50±1.07 
1.37±1.24 

17.50±3.40 
10.75±3.90 

2.00±0.38 

1.50±0.27 

Group 3 Test 1 

Test 2 

3.80±1.74 
1.40±0.68 

3.00±2.32 
0.60±0.60 

2.00±0.55 
1.20±0.97 

0.80±0.80 
0.40±0.40 

9.60±5.06 
3.60±1.69 

1.40±0.40 
1.00±0.45 

 

Test of Attentional Performance  

VAS VAS morning VAS afternoon VAS night 
Group 1 Test 1 

Test 2 

4.14±1.24 

2.57±1.04 
3.28±1.02 
1.43±0.72 

3.00±1.15 
2.00±1.00 

Group 2 Test 1 

Test 2 

5.37±1.02 

3.75±0.67 
3.00±1.05 
3.25±0.65 

2.87±1.11 
2.50±0.84 

Group 3 Test 1 

Test 2 

4.40±1.33 
1.00±0.63 

5.20±1.49 
1.00±0.63 

1.20±1.20 

1.40±0.60 
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ANOVA applied to reaction time values (Fig. 3A) revealed significance of Group (p=0.03) and Test 

(p=0.002) due to the shorter reaction time in Group 2 than in Group 3 (p<0.01) and the shorter reaction 

time in Test 2 than in Test 1.  

For the number of correct responses (% of total responses, Fig. 3B), the significance of Test (p=0.01) 

indicates that, independently of the group of women observed, the performance was significantly 

improved from Test 1 to Test 2.  

Daidzein and genistein levels in urine 

Daidzein and genistein were measured in urine before (Test 1) and after the consumption of soy-

enriched bread for 30 days (Test 2). The measured values normalized for creatinine content are 

reported in Figure 4. For both daidzein and genistein, ANOVA revealed a significant effect of Test 

(p=0.001, p=0.008 respectively) due to the increase in urinary levels of both compounds from Test 1 

to Test 2 in all groups.  

Thiols and disulfides in red blood cells and plasma 

The potential effect of the soy-enriched bread on the antioxidant pattern was evaluated by measuring 

the levels of thiols and their ratio with disulfides in both red blood cells (RBC) and plasma. Since not 

all women were tested for these parameters, the analysis did not consider the factor Group. The RBC 

content of GSH and GSSG was in the normal range and was not influenced by consumption of the 

functional bread (Table 5). Consequently, the GSH/GSSG ratio was also unvaried. 

 

 

Table 5. Glutathione (GSH) and glutathione disulfide (GSSG) levels in red blood cells (RBC). Women n=9 

 

 

 

 

 

 

 

In plasma there was a significant increase of thiols and LMM-SH (Table 6). The Wilcoxon matched 

pairs test revealed significance for P-SH, Cys, CysGly, Hcys, CySS, CySSGly and γ-GluCys (Z=2.84, 

 GSH 

(nmol/mg Hb) 

GSSG  

(nmol/mg Hb) 

GSH/GSSG 

 

Test 1  5.52±0.26 0.011±0.011 586.67±68.74 

Test 2 6.07±0.34 0.012±0.012 546.45±59.86 
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p=0.004; Z=1.98, p<0.05; Z=2.57, p<0.01; Z=2.40, p<0.02; Z=2.67, 0.01; Z=2.13, p<0.03 and 

Z=2.57, p<0.01, respectively) due to higher levels in Test 2 than in Test 1. 

Table 6. Plasma thiols and disulfides determination. Women n=11. *p<0.05 and **p<0.01, Test 2 vs Test 1. 

Abbreviations: Cys (cysteine), CysGly (cysteinylglycine), Hcys (homocysteine), γ-GluCys (γ-glutamylcysteine), 

GSH (glutathione), P-SH (protein sulfhydryl groups), LMM-SS (low molecular weight disulfide), CySS (cystine), 

CySSGly (cystinylglycine), HcySS (homocysteine), γ-GluCySS (γ-glutamylcystine), GSSG (glutathione disulfide), 

RSSP (S-thiolated proteins), CySSP (protein mixed disulfides with cysteine), CyGlySSP (protein mixed disulfides 

with cysteinylglycine), HcySSP (protein mixed disulfides with homocysteine), γ-GluCySSP (protein mixed disulfides 

with γ-glutamylcysteine), GSSP (protein mixed disulfides with glutathione), PTI (Protein Thiolation Index) 

 

 

 

Hormones in saliva 

Due to the low number of samples, groups were not considered for these parameters. The Wilcoxon 

matched pairs test applied to cortisol values revealed a significant increase from Test 1 to Test 2 

(n=12, mean: 2.23±0.46 vs 4.57±0.78; Z=2.04, p=0.041); there was no significance for testosterone 

(n=13, mean: 0.19±0.02 vs 0.14±0.02; Z=0.94, p=0.354).  

 

Reduced Thiols P-SH Cys CysGly Hcys -GluCys GSH 

Test 1 401.17±8.13 9.59±0.60 1.24±0.11 0.11±0.01 0.04±0.003 1.66±0.24 

Test 2  437.73±8.30* * 11.3±0.58* 1.89±0.23** 0.17±0.01* 0.05±0.004 2.00±0.16 

LMM-SS CySS CySSGly HcySS -GluCySS GSSG  

Test 1 61.40±2.84 5.77±0.27 0.99±0.11 0.67±0.03 0.84±0.10  

Test 2  90.27±6.63** 6.48±0.30* 1.13±0.14 0.90±0.06** 0.89±0.07  

RSSP CySSP CyGlySSP HcySSP -GluCySSP GSSP PTI 

Test 1 127.52±7.19 12.01±0.9 4.92±0.60 1.41±0.12 2.11±0.18 0.38±0.02 

Test 2  138.04±8.91 11.57±0.55 4.99±0.45 1.51±0.11 2.45±0.14 0.36±0.02 
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DISCUSSION 

The main result of the present experiment was the positive change in most of the parameters 

considered in climacteric/menopausal women after 30 days of consumption of soy-enriched bread. 

Behavioral, psychological and attentional tests all showed significant improvement in the various 

parameters such as hot flushes, mood, pain, quality of life questionnaires and reaction time 

performance. Interestingly, most of the changes were highly significant but present in one or another 

group, suggesting a different responsiveness of the women to phytoestrogens exposure depending on 

their menopausal status. The involvement of the soy-enriched bread in these changes was supported 

by the significant increase in the urinary levels of genistein and daidzein, the main phytoestrogens 

present in soy.  

Soy is an important product commonly used in human and animal feeding because of its high protein 

content. It is often used to extract phytoestrogens to be commercialized as supplements to fight 

menopausal symptoms [21]; nevertheless, their use among women in menopause is not very common. 

Therefore, since the average age of menopausal onset is 50 years and the lifespan of women in Italy 

is over 80 years, about one third of a woman’s life would pass with very low estrogen levels and a 

high risk of hypo-estrogen-related diseases, from cardiovascular to neuronal ones [47]. 

The study of foods with known amounts of phytoestrogens must be considered a serious effort to 

provide a solution to estrogen depletion. The presence in soy of genistein and daidzein (the main 

isoflavones), as well as other nutrients, is well known [48,49,50,51,52]. Thus, we considered the 

possibility to provide phytoestrogens not as an extract, as commonly available in many commercial 

products, but as whole beans in order to maintain the ‘natural context’ of the compounds essential to 

their functions. The soy-enriched bread used in the present experiment was prepared so as to supply 

20 mg/100 gr of phytoestrogens, about 14 mg/100 mg of proteins and low levels of lipids and 

carbohydrates. As expected the presence of isoflavones in the urine clearly increased after 30 days of 

treatment, suggesting their presence in the circulation and distribution among tissues [53,54].  
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We tested the soy-enriched bread in three groups of women with different menopausal condition: 

women in the climacteric period with ‘irregular’ menstrual cycles due to the estrogen fluctuations 

(Group 1); women in menopause, i.e. with the absence of menses for 1 to 5 years (Group 2); women 

with the absence of menses for more than 5 years (Group 3). None of the women had undergone 

hormone replacement therapy, and thus we expected to have different physiological estrogen 

depletion levels. Interestingly although not many years separated one group from the others, the 

groups differed already during the first test in various parameters like hot flushes, pain scores and 

reaction time in the Test of Attentional Performance. In particular, the VAS scores and QUID values 

were higher in Group 2 than in the others, and Group 2 showed better performance in the attentional 

tests, with shorter reaction times. This is interesting since it confirms that this group, in menopause 

from 1 to 5 years, is ‘more reactive’ than the others.  

Phytoestrogens mimic several actions mediated by ER and ER estrogen receptors [55], albeit with 

a different ability to induce their activation [56]; indeed, phytoestrogens display a substantially higher 

affinity for ERβ [57] which appears to be associated with antiproliferative and anticarcinogenic 

effects [58,59], unlike ERα [60]. Daidzein, in particular, can cross the blood-brain barrier and a 

detectable concentration has been reported in brain within the first hour of its administration [54] 

including the hippocampus, striatum, cortex, cerebellum, brainstem and hypothalamus. The effects 

of phytoestrogens are clearly demonstrated in the present study by the decrease in reaction time and 

the higher percentage of correct answers present in all groups at the second Test of Attentional 

Performance, 30 days after regular consumption of soy-enriched bread. This type of test analyzes the 

subject’s ability to suppress an inadequate response (no-go) and to react in the presence of stimuli 

activating the paradigm of a go/no-go complex [32]. This ability requires significant interventions by 

the central nervous system. These changes were not induced by repetition of the test, since 30 days 

of delay from the first to the second test are enough to cancel the memory of the event.  

Hot flushes are very common in menopausal women and can impair a woman’s quality of life until 

7-8 years after the climacteric period. They are not present in all women and can be modulated by 
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phytoestrogens [47]. In the present study, the consumption of soy-enriched bread decreased the daily 

frequency of hot flushes in all groups. This decrease can be attributed to specific effects on central 

thermoregulatory systems but also to non-specific effects related to common life aspects, as shown 

by the changes in the physical and general health status (SF-36 questionnaire).  

Pain, and particularly chronic pain, is very common in the general population, affecting 30% of 

women [61,62]. At menopausal age, pain can easily affect a woman’s behavior, lowering the time 

spent walking and moving in general. Thus, the fact that pain was reduced in the present study, 

particularly in the morning and afternoon (VAS score and QUID sensorial component), is of 

particular importance. Pain in these women is not of high intensity, only rarely reaching the VAS 

score of 5. However, it can be present in different parts of the body and can be difficult to treat with 

analgesics. This kind of pain can be the result of general inflammation often present at the subclinical 

level. Hence, phytoestrogens are suitable to play a positive role in pain control since several studies 

have shown their anti-inflammatory action [63,64]. Sakamoto et al. examined the effect of daidzein 

on the markers of pro-inflammatory cytokines in co-cultures of 3T3L1 adipocytes and RAW264 

macrophages [65]. Daidzein (25 μM) treatment significantly inhibited the mRNA expression of the 

pro-inflammatory cytokines CCL2 and IL6 in adipocytes induced by co-culture. The anti-

inflammatory effect of daidzein has also been examined by using TNFα-treated (20 ng/ml) murine 

MLE-12 epithelial cells [66]. 

Isoflavones are supposed to exert some beneficial effects by virtue of their antioxidant properties 

[51]. In order to investigate this possibility, the thiol to disulfide ratio was measured in blood of the 

enrolled women at the beginning of the soy-enriched bread consumption and after 30 days. There was 

no significant variation in the GSH/GSSG ratio (a widely accepted biomarker of oxidative stress) in 

RBC or in the thiol composition in plasma. Indeed, the thiol to disulfide ratio for all the physiological 

molecules occurring in plasma indicates that the measured parameters in menopausal women are 

within the range of the same values measured in the rest of the population [67,68]; moreover, after 1-

month of soy-enriched diet, there was a slight but significant increase in both the reduced and oxidized 
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forms (namely LMM-SS) of some thiols. Thus, it can be inferred that this kind of diet did not have a 

strong impact on the extracellular thiol/disulfide balance.   

 

CONCLUSIONS 

Our multifactorial approach to the study of menopause confirms the beneficial effect of 

phytoestrogens on most of the parameters taken into consideration. The physical status and mood and 

cognition were affected by phytoestrogens. Their presence in a ‘common’ food such as bread allows 

their consumption without any pharmacological approach.  

The limitations of the study are the low number of subjects and the short duration of the treatment 

(30 days). However, we would expect an even greater and longer-lasting effect by supplying 

phytoestrogens (also from plant sources other than soybean) for a longer period.  

 

Potential Clinical Value 

Aging is accompanied by several changes in the body. The brain is particularly affected by the 

estrogen decline in women. Herein we describe the improvement of mental and physical parameters 

in women of different menopausal age after 30 days of regular consumption of soy-enriched bread. 

The present data can be used to convince physicians to suggest the inclusion of products containing 

soy in the diet of women in menopause.  
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FIGURE LEGENDS 

FIG. 1  

Number of hot flushes, intensity of hot flushes, sexual desire and sleep quality in the three groups of 

women before (Test 1) and after (Test 2) 30 days of daily intake of bread enriched with 20 mg/100 g 

of soy. n=24. *p<0.05 Test 2 vs baseline levels Test 1. 

 

FIG. 2 

SF-36. The enrolled women filled in the questionnaire before (Test 1) and after (Test 2) 30 days of 

daily intake of bread enriched with 20 mg/100 g of soy. Eight scales referred to the quality of life. 

n=24. *p<0.05 Test 2 vs Test 1; abbreviations: PF: physical functioning, RP: role physical, BP: bodily 

pain, GH; general health, V: vitality, SF: social functioning, RE: role emotional, MH: mental health. 

 

FIG. 3 

Test of Attentional Performance. Mean value of the reaction time in seconds and number of correct 

answers in percentage before (Test 1) and after (Test 2) 30 days of daily intake of bread enriched with 

20 mg/100 g of soy. n=24. *p<0.05; **p<0.01 Test 2 vs Test 1. 

 

FIG. 4 

Urinary levels of daidzein and genistein. The first-void urine of the women enrolled in the study was 

analyzed for the contents of glucuronidated daidzein and genistein by means of HPLC. The analysis 

was carried out before (Test 1) and after (Test 2) 30 days of daily intake of bread enriched with 20 

mg/100 g of soy. n=24. *p<0.05 Test 2 vs baseline levels Test 1. 
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