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5 ABSTRACT
Isoflavones (genistein, daidzein, and glycitein) are bioactive compounds with mildly estrogenic properties
and often referred to as phytoestrogen. These are present in significant quantities (up to 4–5 mg¢g¡1 on
dry basis) in legumes mainly soybeans, green beans, mung beans. In grains (raw materials) they are
present mostly as glycosides, which are poorly absorbed on consumption. Thus, soybeans are processed

10 into various food products for digestibility, taste and bioavailability of nutrients and bioactives. Main
processing steps include steaming, cooking, roasting, microbial fermentation that destroy protease
inhibitors and also cleaves the glycoside bond to yield absorbable aglycone in the processed soy
products, such as miso, natto, soy milk, tofu; and increase shelf lives. Processed soy food products have
been an integral part of regular diets in many Asia–Pacific countries for centuries, e.g. China, Japan and

15 Korea. However, in the last two decades, there have been concerted efforts to introduce soy products in
western diets for their health benefits with some success. Isoflavones were hailed as magical natural
component that attribute to prevent some major prevailing health concerns. Consumption of soy
products have been linked to reduction in incidence or severity of chronic diseases such as cardiovascular,
breast and prostate cancers, menopausal symptoms, bone loss, etc. Overall, consuming moderate

20 amounts of traditionally prepared and minimally processed soy foods may offer modest health benefits
while minimizing potential for any adverse health effects.
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Introduction

Soy isoflavones are bioactive compounds of non-steroidal and
phenolic nature that are abundantly present in soybeans. The

25 physiological role of these bioactive compounds has received
recognition all across the world. Of particular interest in rela-
tion to human health these bioactive compounds are known as
the phytoestrogens (isoflavones) because of their estrogenic
activity (Preedy, 2013). Isoflavones are structurally similar to

30 mammalian estrogens but with mild estrogenic properties. Iso-
flavones are also considered as a subclass of flavonoids; a large
family of compounds synthesized by plants, and thought to
have potential antioxidant properties (Patel et al., 2001). Anti-
oxidants are substances that protect cells from damage caused

35 by free radicals produced by oxidation during normal metabo-
lism. These free radicals thought to play a role in cancer devel-
opment (National Cancer Institute (NCI) 2004). Thus
isoflavones have both estrogenic and antioxidant capacity,
related to their structural similarity to 17b-estradiol (Tham

40 et al., 1998). As such there is currently considerable interest in
the potential health benefits of isoflavones in functional foods.

Extensive published work and scientific reviews have link
isoflavones to bring relief to number of chronic diseases in
humans. Possible health benefits include relief of menopausal

45 symptoms (Messina, 1998; Clarkson, 2000; Taku et al., 2012)
breast cancer (Loibl et al., 2011; Magee et al., 2004; Patisaul and
Jefferson 2010), prostate cancer (Ganry, 2005; Nagata et al.,

2007; Zuniga et al., 2013), incidence of cardiovascular disease
(CVD) (Merz-Demlow et al., 2000; Zhang et al., 2012), osteo-

50porosis or bone mineral density (BMD) (Ma et al., 2008; Wei
et al., 2012), obesity and diabetes (Velasquez and Bhathena,
2007; Zimmermann et al., 2012), cognitive functions (Hender-
son et al., 2000; Neese et al., 2012), and even prevention of virus
infections (Andres et al., 2009). Isoflavones and their dietary

55sources have been reported as possible anticarcinogens. The
European Prospective Investigation into Cancer and Nutrition
(EPIC) is an ongoing multi-centre prospective cohort study
designed to investigate the relationship between nutrition and
cancer, with the potential for studying other diseases as well

60(Riboli et al., 2002). According to EPIC research findings there
was a high variability in the dietary intake of total and phytoes-
trogen subclasses and their food sources across European
regions (Zamora-Ros et al., 2012).

In nutshell the intake of isoflavones containing foods have
65become increasingly recognized worldwide. This is due largely

to the apparent health benefits imparted by the traditional
Asian diet, which is very high in soy foods, as well as low in sat-
urated fat, and high in dietary fiber. Isoflavone content of soy
foods can vary considerably between brands and even between

70different lots of the same brand. Given the potential health
implications of diets rich in soy isoflavones, accurate and con-
sistent labeling of its content is needed. More information on
the isoflavone content is available from the USDA nutrient
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database (USDA, 2002; USDA, 2008; United States Department
75 of Agriculture (USDA), 2012). Over 10,000 scientific papers,

reviews have appeared on isoflavones alone in global publica-
tions. Considerable global research over the last four decades
has identified several benefits of isoflavones in diet. These stud-
ies have opened doors for the use of first generation soy-based

80 foods and drinks (soy milk/soy drink, tofu, natto, tempeh, etc.),
and second generation products (baked goods to which soy-
based ingredients have been added). Scientific data continued
to be analyzed and reported in books, review articles, etc.
(Thompson, 2010; Preedy, 2013). Further purified soy isofla-

85 vones are now available commercially, and methods of recover-
ing isoflavones have been patented (Waggle and Bryan, 2000).
The purified soy isoflavones may be marketed as pills, concen-
trates, or extracts.

Sources and occurrence

90 Isoflavones are biosynthesized in legumes, such as soy, red clo-
ver, kidney beans, mung bean sprouts, navy beans, Japanese
arrowroot (Kudzu) (Mazur et al., 1998), but is abundant in soy-
beans. They are processed for taste, removal of toxic substances,
nutritive value, bioavailability and absorption. Overall, the most

95 significant dietary sources of isoflavone include soybeans, soy
flour, soy flakes, isolated soy protein, traditional soy foods
(such as tofu and soy milk), and fermented soybean products
(such as miso, tempeh), soybean paste, natto and soy sauce
(Reinli and Block, 1996; Ho et al., 2002). Further information

100 and elaboration on soy food products will be given in a separate
section later in this review.

Soybean itself is considered as main dietary source of isofla-
vones. As such some brief details about soybean, its cultivars,
worldwide production/cultivation and consumption, nutrients and

105 genome study are mentioned here in this section. SoybeansGlycine
max (L.), also referred to as soy or soya, and is plants of Asian ori-
gin that produce beans used in a variety of food products. There
are many kinds of soybean cultivars with different biological com-
position and economic values. According to the consensus recom-

110 mendations of the Organization for Economic Cooperation and
Development (OECD), soybean nutrients such as amino acids,
fatty acids, and isoflavones are important markers in assessing the
nutritional quality of soybean varieties (Jiao et al., 2012). Cultiva-
tion of Soybean is being done worldwide and 90% of the world’s

115 soybean production is concentrated in tropical and semi-arid tropi-
cal regions which are characterized by high temperatures and low
or erratic rainfall. In tropical regions, most of the crops are near
their maximum temperature tolerance (Thuzar et al., 2010). The
amounts of isoflavones in soybeans vary greatly and can range

120 from 360 to 2241 mg¢g¡1 in Eastern Canada (Seguin et al., 2004).
In Southern Ontario the total isoflavone values ranged from a low
of 1.4 mg¢g¡1 to a high of 4.6 mg¢g¡1 on dry weight basis. On the
average genistein, daidzein, and glycitein and their derivatives were
in ratio of 58:37:5, mostly as malonyl derivatives (Akhtar et al.,

125 2002), 21 mg¢100 g¡1 to 134 mg¢100 g¡1 in Romania (Sertovic
et al., 2012); 1176 mg¢g¡1 to 3309 mg¢g¡1 in the US (Wang and
Murphy, 1994); and 525 to 986 mg.kg¡1 in India (Devi et al.,
2009). Soybeans production for edible oil and protein has seen con-
tinuous growth over the years. The top five soybean producers are

130 the US (33%), Brazil (29%), Argentina (19%), China (5%) and

India (4%) (World Statistics, 2013). Soybean is the major dietary
source of isoflavones because of abundant supplies and advanced
technologies to process them into a variety of food products. Soy-
beans contain mostly, around 90% of the total isoflavones as the

135sugar conjugates of genistein, daidzein, and glycitein along with
small amounts of their free form (aglycone) for a total of 12 isofla-
vones (see details in Chemistry Section). In general, concentrations
are in the order genistein > daidzein > glycitein, which greatly
depends on varieties, growing locations, climatic conditions, etc.

140Also, the hot and dry weather yielded low grade soybeans as well as
lower total isoflavones contents (Lozovaya et al., 2005).

Unique features of the soybean genome were characterised
through the use of molecular research techniques to determine
the variations between wild and cultivated soybean genomes.

145Genomic variations may be related to the process of domestica-
tion and human selection. Wild soybean germplasms exhibited
high genomic diversity and hence may be an important source
of novel genes/alleles. Accumulation of genomic data will help
to refine genetic maps and expedite the identification of func-

150tional genes leading to positive impacts on soybean research
and breeding programs (Chan et al., 2012).

It is interesting to note that some American soy varieties
have the highest isoflavone contents. American groundnut
(Apios Americana), an important diet of East Coast Native

155Americans, contains as high as 8 mg¢g¡1 of 7-O-glucosylgluco-
side of genistein (Barnes et al., 2002). According to research
studies American groundnut also contains other novel deriva-
tives which may be converted to genistein by enterobacterial
b-glucosidase (Nara et al., 2011; Ichige et al., 2013). Likewise

160clinical trials on the health benefits of pulses show impact on
(i) total LDL and cholesterol levels, (ii) reduce blood pressure,
(iii) help in weight management, (iv) decrease spikes in blood
sugar and insulin levels, and (v) improve insulin resistance
(Pulse Canada, 2013). The presence of common and uncom-

165mon isoflavones in pulses may require development of process-
ing technologies to market pulse products for routine dietary
consumption for self-health management.

Chemistry of isoflavones

Isoflavones are present in significant quantities in soybeans as gly-
170cosides (bound to a sugar molecule) and are called genistin, daid-

zin, and glycitin. Fermentation or digestion of soybeans or soy
products results in the release of the sugarmolecule from the isofla-
vone glycoside, leaving an isoflavone aglycone. Soy isoflavone agly-
cones are called genistein (5,7,40-trihydroxyisoflavone), daidzein

175(7,40-dihydroxyisoflavone), and glycitein (7,40-dihydroxy-6-
methoxyisoflavone), sometimes also referred to as isoflavonoids.
Chemical structures of major isoflavones are shown in Fig. 1.

Overall, soybeans contain three groups of isoflavones in four
chemical forms: aglycones, (daidzein, genistein and glycitein);

180glucosides (daidzin, genistin, and glycitin); acetylglucosides,
(acetyldaidzin, acetylgenistin, and acetylglycitin); and malonyl-
glucosides (malonyldaidzin, malonylgenistin and malonylglyci-
tin) for a total 12 isoflavones. The major isoflavones in
soybeans are the free and conjugate forms of genistein and

185daidzein, which make up to 60% and 30% of the total isofla-
vones, respectively. The glycitein group is a minor component
(10%) in the total of the soy isoflavones. In soybeans the

2 K. ZAHEER AND M. H. AKHTAR



predominant conjugates are the malonyl derivatives (Collison,
2008; Barnes, 2010).

190 Isoflavones are important and physiologically active mem-
bers of the large flavonoids matrix. Their chemical structures
resemble that of an estrogenic compound estradiol (Fig. 1).
They are biosynthesized following the common phenylpropa-
noid pathways yielding two major chalcones (naringenin and

195 4,20,40-trihydroxychalcones)-which in turn with the help of iso-
flavanoid specific 2-hyroxy isoflavone synthase (IFS) produces
daidzein, genistein, and glycetein. Further interaction with
UGT (glycosyl-transferase) converts them in daidzin, genistin,
and glycitin, respectively. Similarly involvement of malonyl

200 tranferase (MT) yields the malonyl derivatives of diadzein,
genistein and glycitein (Dhaobhadel, 2011). The main isofla-
vones with high estrogenic activities are free–daidzein, genis-
tein and glycitein (in the text they also referred to as aglycone)
and are found in soybeans as sugar derivatives (conjugates).

205 They are also found as methylated derivatives (biochanin, for-
menotin) in other leguminous plants (alfalfa, red clover, beans)
in smaller quantities with considerably low estrogenic activities.

Processing affects the retention and distribution of isofla-
vone isomers in soy foods. The conversion and loss of isofla-

210 vones during processing can affect the nutraceutical values of
soybean. Further relevant details about effect of processing and
updated information coming up in the proceeding sections.

Common soy food products

Soy protein is one of the major sources of vegetable proteins
215 and can possibly act as a good replacement for animal proteins.

They are used extensively in many food products to meet the
needs of vegan dishes. Soy food products are manufactured
with, without fermentation or in combination (Thompson,
2010; Preedy, 2013). Important soy food products are as

220 follows:
(a) Non-fermented products include soymilk, tofu, yuba,

soybean sprouts, okara, roasted soybeans, soy nuts, soy flour,
immature soybeans and cooked whole soybean. Processes
involved in making some of the important soy products are

225 summarized below:
� Soy milk/soy drink is produced from soaked soybean fol-

lowed by crushing and filtration. The filtrate (water

extract) after boiling for a short duration 30 minutes
results in soy milk, which is consumed globally at varying

230rates.
� Okara is the residue of crushed soybeans and should con-

tain high amounts of isoflavones.
� Tofu is also called soy curd, and is produced by adding a

coagulant notably calcium sulphate (CaSO4) to soymilk
235followed by heating to coagulates and filter. The filter

cake (residue) is tofu.
� Soy cheeses are made from soy milk, tofu alone or in

combination with or without soy protein isolates.
(b) Fermented soy products include soy paste (Miso, Jiang),

240Soy sauce, Tempeh, Natto, Soy nuggets, sufu. All fermented
products not available globally, but are more specific to a
region, some details on their preparation are provided below:

� Miso is the fermented product of soybeans that have been
cooked and inoculated with Asperigillus orzae and Asperi-

245gillus soyae, and further processing as desired. They are
consumed mostly in China, Korea, Japan as good substi-
tute for dairy products that cause allergic and intolerance
reactions.

� Tempeh is used regularly in Indonesian diet and good
250meat substitutes by vegans. This is produced by ferment-

ing the dehulled boiled soybeans with Rhizopus oligopo-
rus. It is eaten with other daily dishes.

� Fermented tofu: A variety of fermented tofu is produced
with brine made of soy milk and addition of condiments

255(chilly, as per taste). They are also known as fermented
bean curds, fermented cheese, and sufu.

� Sufu, a Chinese delicacy is produced by solid-state fer-
mentation of tofu with Actinomucor elegans to give phe-
tze, which on salting and maturation yields sufu. The

260quality and texture of sufu depend greatly on the fermen-
tation temperature. Studies have shown that better quality
sufu is produced at 26�C compared with at 32�C.

� Natto: This fermented soy product is mainly produced
and consumed in Japan. The process involves soaking,

265steaming, bagging and treating with Bacillus Natto and
heating the bag at 48�C to 50�C for 16–18 hours. This is
consumed with cooked rice.

� Soy sauce: It is one of the most commonly used soy-
derived products. This is produced from whole bean, soya

270flakes or soy meal by Aspergillus the reactions of koji
(source of enzymes, bacteria, mold or yeast). The brine is
fermented, pressed, filter, and pasteurization.

Analytical methodologies

Due to growing consumption of the dietary isoflavones and
275reported health benefits to humans, there was a need to develop

appropriate analytical methodologies to identify and quantify
their content from range of sources. Analytical analysis helps to
determine the retention, distribution, and specification of iso-
flavone isomers in soy foods leading to their consumption by

280human after processing (Mortensen et al., 2009). A good tech-
nique is the one which is reliable, precise, and fast with repro-
ducible results and consume low solvent. The analysis of
isoflavones has become more complex, because preparations
contain isoflavones from multiple sources. These are

Estradiol 
OH

OHCH3

Figure 1. Chemical structures of isflavones and 17b-estradiol.
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285 biologically active compounds occurring naturally in a variety
of plants, with relatively high levels found in soybeans.

Analyses of soybeans and soy food products for isoflavones
are multi-step processes. In general, this involves sample collec-
tions and proper storage, sub-sampling and addition of internal

290 standard before or after acid/base and enzymatic hydrolysis.
This is followed by extraction with appropriate solvent systems,
and enrichment (concentration) of the organic extract prior to
analysis for detection and quantitation. Extracts are fairly stable
at or below ¡20�C, but degradation sets on with increasing

295 temperature. Separation analysis is performed on high perfor-
mance liquid chromatography (HPLC) with RP-18 columns.
The use of other columns has also been explored for better sep-
aration (Rostagno et al., 2009). HPLC instruments are now,
everywhere, in food matrix, drug research and development,

300 pharmaceutical manufacturing, quality assurance, diagnostics,
toxicology, research and other laboratories to do the needful.

Extensive independent research as well as many in depth
reviews have appeared in scientific literatures on the analytical
methodologies for the detection and quantification of isoflavones

305 in soy and soy products. Application of these analytical techniques
on pharmaceutical formulations is also documented with valida-
tion as required by ANVISA (Oomah and Hosseinian, 2002;
ANVISA, 2003; Saracino et al., 2008; Deshmukh and Amin, 2012;
Auwerter et al., 2012; Lee and Cho, 2012). Recently a robust auto-

310 mated analytical approach- ultra high performance liquid chroma-
tography tandem mass spectrometry (UHPLC-MS/MS) was used
to quantify the soy isoflavones daidzein, genistein and their conju-
gative metabolites. The application of this method to a pharmaco-
kinetic study in postmenopausal women showed that isoflavones

315 are extensively metabolized in vivo (Soukup et al., 2014). In short a
great abundance of analytical data concerning isoflavones is
obtained through the application of latest analytical state of the art
research techniques. This led to great success in identification and
quantification of the content of isoflavone from range of sources.

320 Further this is backed by procedures, technique development, vali-
dation, and retrieval of reproducible research findings published in
peer reviewed scientific journals.

Processing for isoflavones

Soybeans are not eaten raw, except occasionally green beans,
325 fried beans as snacks, but processed using heat (high tempera-

ture), treatments with enzymes, microbes, molds. The oil is
widely used in cooking foods. Processing enhances taste, fla-
vour and more importantly digestibility, bioavailability of
nutrients. During the processing including regular cooking,

330 soybeans undergo a variety of reactions to produce compounds
that are easily absorbed to exert physiological benefits in con-
trolling some serious health issues-CVD, cancers, diabetes,
menopausal symptoms (hot flashes), obesity, etc.

In Asian countries such as Japan, China, Korea soybean
335 products have been consumed as part of regular diet for centu-

ries, yet only recently soy products are gaining acceptance in
the West. Processing of soybeans leading to the production of
edible products involves many steps that may include non-fer-
mentation, fermentation and combination of both techniques

340 depending upon the end product(s) which greatly varies on
tastes, benefits etc. Soybeans are cleaned, cracked and dehulled

as initial steps in both processes. Soybeans contain approxi-
mately 18.5% oil, 38% protein, 7% fiber, 12.5% moisture and
24% others to remove/destroy toxic substances and to soften

345the tissues for digestion. In general, non-fermented processes
soybeans provide (i) oil, (ii) soy flour, (iii) soy protein concen-
trates, (iv) soy isolates, (v) soy fiber (mainly from hulls) and
(vi) bioactives including isoflavones (National Soybean
Research Laboratory (NSRL), 2013).

350Soybeans are now processed into a variety of products for
human consumption globally. Soy protein isolate is the source
of low fat milk, low fat tofu. Soy on heating with water yields
high fat soy milk, tofu, and natto. Fermentation of soy produces
miso, tempeh, soy sauce—the most commonly used products in

355Asian countries (Barnes, 2010). Further details including indus-
trial applications as given below:

a) Crushing: Moisture content is re- adjusted by heating
soybeans between 60 and 90�C for mechanical crushing
to prepare soybean cake/soybean chip for solvent

360extraction with hexane for the removal of oil. Globally
about 85% soybeans are processed into vegetable oil
and meal (mainly for animal feed) (Soyatech, 2013). A
small portion of meal is processed further following var-
ious techniques for human consumption.

365b) Processing for protein ingredients: The spent soybean
cakes/flakes after removal of the oil are the major source
for defatted flour, soybean concentrates and isolates and
40% soybean meal following well established proce-
dures. Total isoflavone contents in soy ingredient were:

370Soy flour (full fat)> soy flour (textured)> soy
flour>soybeans>soy protein concentrate (aqueous
washed) > soy protein isolate, all around
100 mg¢100 g¡1 (Table 1), but little or no isoflavone is
detected in oil. Total isoflavones in navy beans, mung

375beans, chickpeas is < 0.5mg.100g¡1 of individual pro-
duce (USDA, 2008).

c) Milk/drink: Soy milk is essentially the water extract of
soy. It is the first non-fermented product in which beans
are soaked for 18–24 hours; the skin is removed,

380crushed and filtered to yield raw milk. The raw milk
(fresh milk) is then cooked around 100�C for 30
minutes to destroy protease inhibitor, microorganism
and add taste by removing beany flavour (produced
during wet grinding as a result of lipoxygenase catalyzed

385reactions), colour and shelf life. The boiled milk is fil-
tered to remove fibrous materials (okara). But for com-
mercial production and marketing of soymilk the raw
milk may be heated at higher temperature for longer
time as well as may add many more steps including

390ultra-high temperature heat treatment (UHT) and pas-
teurization, in-container sterilization (Kwok and Niran-
jan, 1995; Eisen et al., 2003). In European Union
countries “soy milk” is not permitted for sale due to
non-compliance with the definition of milk which is

395“substances secreted from mammary gland” (EEC Reg-
ulations, 1987), but can be sold as soy drink. Several
studies have reported positive relationship between the
isoflavone contents in seeds with the content in soy
milk cooked at around 90�C (Hiroshi et al., 2003;

400Sertovic et al., 2012).
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d) Fermentation products: Natto, tempeh, miso are the
major fermented products. Soy cheeses are produced on
further fermentation of tofu (a non-fermented product).
Data in Table 1 show that the natto, miso and tempeh,

405 the direct fermentation products have sufficient
amounts of isoflavones that range between 42 and
59 mg¢100 g¡1 of edible product. Tempeh in batter
when deep-fried for 30 min lost almost 45% of the (205
§ 56 vs. 113 § 41 mg¢100 g¡1) total isoflavones in raw

410 tempeh (Haron et al., 2009). Soy cheeses also contain
small amounts (<10 mg¢100 g¡1 of edible product) of
isoflavones, except American and Monterey varieties
that contain isoflavones around 18 mg¢100 mg¡1

(USDA, 2008).
415 e) Second generation food products: Because of high pro-

tein contents, presence of other micronutrients and iso-
flavones, soy protein ingredients are added in baking
goods (flour) as replacement for animal fat, dairy prod-
ucts, etc. Soy proteins are also good replacement for

420 meat, fish and poultry processed food. Soy derived sec-
ond generation food products include soy bread, soya
cookies, cereal bars, lasagne, soy nugget, etc. It is not
unexpected that the amount of isoflavones in the edible
products was very low and ranged between 2.4 and

425 18.1 mg¢100 g¡1 (FW). The highest amounts of isofla-
vones were in soy kibe and soy sausages, probably due
to the large amount of soy protein, are used in the for-
mulation of these products. The low amounts of isofla-
vones in second generation products may not be

430 considered as a good source for isoflavone requirements
to reduce the risk of chronic diseases (Alezandro et al.,

2011). Table 1 lists the isoflavone contents in major soy
ingredients, first generation processed as well as a few
second generation foods (i.e., foods to which soy ingre-

435dients were added prior to cooking). Data in Table 1
clearly demonstrate that total isoflavone, daidzein and
genistein contents are highest in protein ingredients
that have not been subjected to heat treatment or fol-
lowed fermentation steps. The simplest soy food prod-

440uct is the soy milk- basically the water extract of
soybean, also referred to as raw soymilk (unprocessed),
has considerably higher total isoflavone than cooked.
For example, the total isoflavone content in soymilk
skin or film (Foo joke or Yuba) was 196.05 mg¢kg¡1

445compared to 44.67 mg¢100g¡1 when cooked (USDA,
2008). It is interesting that value reported for soymilk
varies considerably that raises the concern for the use of
the term “soymilk.” This seriously enforces the view
that all soy milk is not produced equally and careful vig-

450ilance is required on the source (country of origin), pro-
cess, nutritional and physiological labels.

Effects of processing on isoflavone contents

Processing affects the retention and distribution of isoflavone iso-
mers in soy foods. The conversion and loss of isoflavones during

455processing can affect the nutraceutical values of soybean. The most
advanced technical achievements in separation and detection tech-
niques (as mentioned in Section 5) are setting standards for study
and specification of isoflavones, starting from plant matrix,
through food processing, to human intake.

460Raw materials containing isoflavones are processed into edi-
ble products using physical (soaking, boiling, treatment with
acids and bases at ambient and high temperatures), biological
(fermentation involving microbes, molds and yeasts) and enzy-
matic reactions. These actions converts the most abundant

465malonyl derivatives into acetyl-derivatives and finally into agly-
cones (Coward et al., 1998). Dilution of soy proteins by mixing
with other ingredients and heat treatments result in changes of
the isoflavone profiles (Baiano, 2010). Different types of proc-
essing will have different health/physiological effects that can

470be achieved when soy products are consumed. Following are
the main methods of processing in practice or operation and
their effects on the different forms of isoflavones.

Thermal processing and its effects

Different cultivars present several forms and amount of isofla-
475vones. When the grains were cooked to be soft the malonyl

form decreased, and aglycone and glycoside forms increased. It
was observed that the heating treatment transformed the malo-
nylglucosides into glucoside isoflavones. After heat treatment
at 121�C for 30 min, nearly all malonyl isoflavones were con-

480verted into glucoside (Aguiar, 2010). This means isoflavones
may not destroy by heat treatment, rather subject to intra-con-
versions between the different forms. The chemical modifica-
tion of isoflavones in soy foods (defatted soy flour, toasted soy
flour, soymilk and tofu, baking or frying of textured vegetable

485protein, and baking of soy flour in cookies) have been analyzed
during cooking and processing (Jackson et al., 2002; Uzzan

Table 1. Isoflavone contents of food (mg per 100 g) (USDA, 2008).

Items Total Isoflavones Daidzein Genestein

Soybeans 128.34 46.46 73.76
Ingredients:

Okara 13.51 5.39 6.48
Soybean chips (paste) 54.16 26.71 27.45
Soy flour (full-fat) 171.89 96.83 71.19
Soy flour (textured) 148 59.62 78.62
Soy flour (defatted) 131.19 57.47 71.21
Soy protein (water) 102.07 43.04 59.59
Soy protein (alcohol ext) 12.47 6.63 5.33
Soy protein isolate 97.43 33.59 59.62

Food: non-fermented
Soy milk 9.65 4.45 6.06
Soy drink 7.01 2.41 4.6
Tofu (firm) 22.70 8.00 12.75
Tofu (fried) 48.53 17.83 28.00
Tofu (soft) 29.24 8.59 20.65

Food: fermented
Natto 58.93 21.85 29.04
Tempeh 43.52 17.58 24.85
Miso 42.55 16.13 24.56
Cheese (American) 17.95 5.75 8.75
Cheese, Monterey 18.70 7.80 8.80

Yogurt

Food: 2nd generation products
Vegetable burger 9.30 2.95 5.28
Soy hot dog 15.00 3.40 8.20
Bacon-meatless 12.10 2.8 6.9
Sausage, meatless 14.34 4.46 9.23
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et al., 2007; Pananun et al., 2012). This led to determine the best
conditions for extraction of isoflavones from soy foods and the
effects of commercial processing procedures and of cooking on

490 isoflavone concentrations and composition. Outcomes of these
studies suggested that the chemical form of isoflavones in foods
should be taken into consideration when evaluating their avail-
ability for absorption from the diet.

Influence of thermal processing such as boiling, regular
495 steaming and pressure steaming were also investigated in yellow

and black soybeans. Again, all thermal processing caused signifi-
cant increases in aglycones and b-glucosides of isoflavones, but
caused significant decreases in malonyl glucosides of isoflavones
for both kinds of soybeans. The malonyl glucosides decreased

500 dramatically with an increase in b-glucosides and aglycones after
thermal processing (Xu and Chang, 2008). According to USDA
data (United States Department of Agriculture (USDA), 2012)
total soybean isoflavones contain 37% daidzein, 57% genistein,
and 6% glycitein. So the main component of soy isoflavone is

505 genistein which has many physiological actions and benefits
(Davis et al., 2008). Likewise steaming germinated soybean,
which has a high amount of genistein, might be an anticancer
functional food through the inhibition of Human DNA
Topoisomerase II enzyme activity (Kuriyama et al., 2013).

510 Fermentation processing and its effects

Fermentation process of soy leads to manufacturing of different
soy fermented foods, such as tempeh, soy extract, miso and natto.
Differences on isoflavones content between non-fermented and
fermented soybean products have been extensively studied. Isofla-

515 vone glucosides were the major components in soybean and non-
fermented products, while isoflavone aglycones were abundant in
sufu (a fermented tofu product) and partially in miso of soybean
fermented products. Tempeh is a traditional fermented soybean
food product from Indonesia. It is normally consumed fried,

520 boiled, steamed or roasted. Soybean is processed into tempeh by
fungus mediated fermentation. This way of processing reported
an increase of aglycones amount with fermentation time of tem-
peh, approximately two-fold higher after 24 hours fermentation.
Likewise a combined process of fermentation and refrigeration

525 also recorded an increase in aglycone forms (Chen and Wei, 2008;
Astuti and Dalais, 2000; Ferreira et al., 2011).

Fermentation with microorganisms or natural products con-
taining high b-glucosidase activity converts b-glucosides into
corresponding aglycones by breaking the carbohydrate bond

530 (Yang et al., 2006). Fermentation increases isoflavone aglycone
contents in black soybean pulp (Hong et al., 2012). Genistein
concentrations in black soybean pulp were recorded higher
than controls after fermentation with Lactobacillus acidophilus
and Bacillus subtilis. The conversion of isoflavones from glyco-

535 sides to aglycones also reported in the fermentation process of
whole soybean flour (Silva et al., 2011).

Non-Fermentation processing and its effects

Tofu is a popular non-fermented soy food. Processing of tofu
involves soaking and heating procedures as well as the addition

540 of protein coagulants (calcium sulfate) to soymilk to coagulate
to make tofu. Results of the stability of isoflavone during

processing of tofu showed that the concentrations of the three
aglycones increased with increasing soaking temperature and
time, while a reversed trend was found for the other nine isofla-

545vones. During soaking of soybean malonyl glucosides can be
converted to acetyl glucosides, which can further be converted
to glycosides or aglycones depending on soaking temperature
and time (Simonne et al., 2000). The increase of aglycones and
decrease of glucoside isoflavones during fermentation coin-

550cided with the increase of b-glucosidase activity observed in
fermented soymilk (Chien et al., 2006).

Soy infant formula

Soy infant formula has been in use for over sixty years in the
US, and may be classified as the “second generation soy prod-

555uct.” Soy protein ingredients are added as a replacement in
infant milk formula to avoid allergic reactions to proteins in
pasteurized milk/or other issues. Soy infant formula is also
often used as a replacement for mother’s milk. Soy formula fed
millions of infants worldwide with no observable adverse effects

560(Badger et al., 2009). The patterns of growth, bone health and
metabolic, reproductive, endocrine, immune and neurological
functions are similar to those observed in children fed with
cows’ milk-based formulas or Human milk (Vandenplas et al.,
2014). However use of soy-based infant formula is not recom-

565mended if there is indication of other food allergic reactions
(Bhatia et al., 2009). Isoflavone contents in marketed soy based
infant formula varied significantly. Overall soy infant formula
milk support normal growth and may have advantages in pro-
moting bone development (Vandenplas et al., 2014).

570Baked products

Very little to almost no isoflavone is found in most marketed
baked products with the exception of soya bread that contained
isoflavone at 14.67 mg¢100 g¡1 of bread (USDA, 2008). The fate
and concentration of isoflavones in soy breads made from soy

575protein isolates and flour obtained from low, intermediate and
high level soybean grown in Southern Ontario (Shao et al.,
2009). The content of isoflavones with the exception of malonyl
derivative did not change during the entire process. The malonyl
derivatives, on the other hand, were decarboxylated to glycosides

580and then followed to total deconjugation. Likewise isoflavone
aglycone composition evaluated within a soy functional food like
soy bread system. Isoflavone malonyl-glucosides (>80%) were
converted into acetyl and simple glucoside forms (substrates
more favorable for b-glucosidase) in steamed and roasted soy

585flour/soy milk mixture (SM). Their corresponding breads had
isoflavones predominately as aglycones (»75%). Steamed SM
bread was more consumer acceptable than roasted (Ahn-Jarvis
et al., 2013). Isoflavones are not found in most cereals except
KELLOG’s Ready to eat cereal KASHI (17.40 mg¢100 g¡1) and

590Ready to eat SMART (93.90 mg¢100 g¡1) (USDA, 2008).

Irradiation

Like most grains, soy is also irradiated to prevent fungus
growth. Soy beans when irradiated between 2.5 and 10 k Gy
required less soaking time and 30–60% less time compared to
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595 non-treated soy (Pednekar et al., 2010). Irradiation at 0.5–5.0
kGy caused deconjugation and production of aglycone as well
as increased anti-oxidation properties (Dixit et al., 2010). Like-
wise, the influence of gamma irradiation on isoflavone (genis-
tein, daidzein, and their glycosides genistin and daidzin)

600 contents and hydroxyl radical scavenging effect (HRSE) is also
on record (Popovi�c et al., 2013). Doses up to up to 10 kGy
improve the antioxidant activities of soybean and also nutri-
tional quality with respect to isoflavone content.

Storage

605 Storage of seeds and samples are very critical for the determina-
tion of nature of isoflavones and contents. Storage of soybeans
between ¡18 and 42�C for one month had no effect on the
total content of isoflavones, but the profile changed dramati-
cally at 42�C with a significantly decrease in malonyl deriva-

610 tives with a proportional increase of b-glucosides (Pinto et al.,
2005). Further it has been shown that soybeans and red-clover
isoflavone extract profile changes considerably during storage
due to mainly hydrolytic reactions. For example, soy beans
high in malonyl and acyl derivatives were degraded into glyco-

615 side during early days of storage and reached a plateau after
extended storage.

Changes also recorded in the compositional components of
black soybeans maintained at room temperature for different
storage periods. Column chromatography and HPLC-DAD-

620 ESI/MS spectrometry analysis were performed on hydrolysed
extracts of isoflavone and anthocyanin profiles. These compo-
nents decreased markedly during storage while protein, oil, and
fatty acid showed a slight decrease. The scavenging activities of
DPPH (diphenylpicrylhydrazyl) and ABTS (2,20-Azinobis [3-

625 ethylbenzothiazoline-6-sulfonic acid]-diammonium salt) radi-
cals during storage also decreased in comparison with those of
observed before storage (Lee and Cho, 2012).

Bioavailability

Isoflavone bioavailability is a measure of the amount of these com-
630 pounds that becomes available for tissue distribution where they

can exert physiological effects. Thus, an understanding of bioavail-
ability is important in assessing the research findings obtained
through clinical trials and the possible health benefits of isofla-
vone, Dietary isoflavone may be metabolized in the intestine to

635 equol, a metabolite, [7-hydroxy-3-(40-hydroxyphenyl)-chroman]
that has greater estrogenic activity than daidzein, and to other
metabolites that are less estrogenic. This metabolite has affinity
for both estrogen receptors, ERa and ERb (Setchell et al., 2002;
Rowland et al., 2003). The presence of equol in urine or plasma

640 has been used by researchers to classify subjects with analysis of
outcomes in relation to equol-producing ability (Karr et al., 1997).
More specifically, the proportions of daidzein, genistein and glyci-
tein, will also greatly affect the resulting isoflavone bioavailability
and overall physiological effects, due to their different chemical

645 structures and in vivo properties.
Number of factors can influence the absorption of food compo-

nents, including dietary habits, the food matrix, intestinal fermen-
tation and transit time. In bioavailability studies, the soy food used
and its isoflavone composition are important determinants of the

650resulting isoflavone pharmacokinetics and potential physiological
effects. The influence of diet is important due to interactions
between dietary components. Diet has a strong effect on composi-
tion of the gut microbiota, which in turn plays a crucial role in iso-
flavones bioavailability. Research data from intervention studies in

655humans, focussing on the factors that affect bioavailability of soy
isoflavones, reported an increased concentration of genistein than
daidzein in serum. This increased genistein level recorded without
the influence of age and gender on the bioavailability of soy isofla-
vones (Rowland et al., 1999; Cassidy et al., 2006; Nielsen and Wil-

660liamson, 2007). Further the amount and source of lipid did not
affect bio accessibility or uptake and metabolism of isoflavones
(Simmons et al., 2012).

Typical fermentation products such as lactic acid or the
method of hydrolyzation has no effect on isoflavone metabo-

665lism. Isoflavone aglycones were absorbed faster and in greater
amounts than isoflavones glucosides. There was no difference
recorded in the levels of isoflavones in the blood of volunteers
consuming fermented soy milk or soy milk with hydrolyzed
isoflavones (Kano et al., 2006). Further it is worth to point out

670here that isoflavones are detectable in plasma as soon as 30
minutes after soy intake with an initial peak 1 hour post-meal.
This early increase may be due to the presence of a small pro-
portion of aglycones available in the soy isoflavones (King and
Bursill, 1998). Also hydrolysis and initial absorption occur

675readily in the duodenum and proximal duodenum within the
first hour of digestive processing (Setchell et al., 2002). The
majority of the urinary excretion of daidzein and genistein
occurs within the first 24 hours after soy ingestion.

To summarise this section it is on record that over the years
680the substantial evidence supporting the potential for beneficial

effects of soy consumption has led to much wider use of tradi-
tional soy products even in western countries. This follows the
development of new isoflavone and soy-enriched foods and
supplements. The role of biotransformation to various conju-

685gates together with the level and duration of isoflavone con-
sumption have been shown to be of importance. Furthermore,
the effects of habitual diet on gut microbiota may be one of the
most important factors affecting isoflavone bioavailability and
thus, modulation of physiological effects. In short, foods are

690digested, metabolized/ absorbed, distributed (retained) and
eliminated after consumption. In general consumed isoflavones
follow a number of steps that are greatly influenced by the food
matrix, i.e. raw, cooked, amount of food, and intestinal micro-
flora and dispersion in the gastric emulsion for metabolism.

695Isoflavones are then absorbed by the intestinal cell walls for the
transportation into blood system (bioavailability) for positive
and beneficial effects.

Health benefits and isoflavones

Over the years epidemiological studies have consistently shown
700that communities whose diets consist of soy-derived products

have lower incidences of chronic diseases such as CVD, can-
cers, menopausal symptoms, diabetes and others (Koz»owska
and Szostak-Wegierek, 2014). This section reviews the overall
health effects of isoflavones by focusing on the important

705human studies, and discusses the implication of the results
from different human trials as under:
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Positive benefits

As mentioned before phytoestrogens, as bioactive compounds,
has become one of the more important areas of interest in clini-

710 cal nutrition. Also important the wide range of biological prop-
erties of these bioactive compounds that contribute to the
many different health-related benefits (Barnes, 2010). Maximal
health benefits are most likely to be derived by consuming
small amounts of isoflavone-rich foods throughout the day.

715 Isoflavones have characteristics that are consistent with selec-
tive estrogen receptor modulators and not estrogens. As such,
when consumed at usual dietary intakes, isoflavones are
unlikely to have the negative effects associated with estrogens.
Research in several areas of healthcare, particularly nutraceuti-

720 cal, health and wellness and clinical nutrition, has shown that
consumption of isoflavones may play a role in lowering risk for
diseases as well as observed health benefits (Zamora-Ros et al.,
2012; Preedy, 2013). Concise and focused details of positive
health effects of isoflavones and how these attribute to prevent

725 the incidence or reduction in intensity of some major prevailing
health concerns are given below:

Isoflavones as natural antioxidants
Free radicals are continuously formed in our body as normal
by-product of metabolism. Range of research studies has dem-

730 onstrated that isoflavones have potent antioxidant properties,
comparable to that of the well-known antioxidant vitamin E.
(Wei et al., 1995; Djuric et al., 2001; Patel et al., 2001; National
Cancer Institute (NCI), 2004). Antioxidants work by attacking
and neutralizing free radicals. The antioxidant powers of isofla-

735 vones can reduce the long-term risk of cancer by preventing
free radical damage to DNA. Genistein is the most potent anti-
oxidant among the soy isoflavones, followed by daidzein.
Genistein seems to increase the production of superoxide dis-
mutase (SOD) which removes the free radicals. Genistein’s abil-

740 ity to act as antioxidant may also explain the antcarcinogen
effect of this isoflavones. Genistein is an estrogen receptor
(ER)-selective binding phytoestrogen, with a greater affinity to
ERb. Genistein inhibits tyrosine kinases and inhibits DNA top-
oisomerases I and II, and act as an antioxidant (Kuriyama

745 et al., 2013).
The isoflavones also demonstrate good antioxidant activity

in various systems (both aqueous and lipophilic phases) attrib-
uted to a number of antioxidant mechanisms. The inhibition of
lipid peroxidation, particularly of low density lipoprotein

750 (LDL) by isoflavones may be an important mechanism by
which they positively influence lipid profiles. The conversion of
daidzein to equol may be physiologically important as equol
has significantly greater antioxidant activity and estrogenic
activity (approximately 100-fold higher) on binding to the ER

755 receptor compared with daidzein (Zheng and Zhu, 1999). Fur-
ther the consumption of antioxidant/polyphenol rich foods
might impart anti-thrombotic and cardiovascular protective
effects via their inhibition of platelet hyperactivation or aggre-
gation. Aspirin is commonly used as anti-platelet drugs. Aspi-

760 rin block the cyclooxygenase (COX)-1 pathway of platelet
activation, similar to the action of antioxidants with respect to
neutralising hydrogen peroxide (H2O2). So the ability of poly-
phenols rich foods to target additional pathways of platelet

activation is possible, Also, dietary isoflavones or polyphenols
765rich foods may substitute or complements currently used anti-

platelet drugs in sedentary, obese, pre-diabetic or diabetic pop-
ulations who can be resistant or sensitive to pharmacological
anti-platelet therapy (Santhakumar et al., 2014).

Lowering of cholesterol levels and cardiovascular disease
770Several clinical trials reported significant decrease in total

cholesterol, blood low-density lipoprotein-cholesterol and
triglycerides with soy protein intake leading to lower inci-
dences of chronic diseases such as cardiovascular disease
(CVD), cholesterol and others. CVD risk factors have been

775shown a decline among the populations when soy isofla-
vones added to the diet. This decline in CVD risk factor is
recorded both in healthy individuals as well as those on
medication. Soy protein directly lowers LDL concentrations.
Being low in saturated fat and a good source of essential

780fatty acids, isoflavones can improve endothelial function
and possibly slow the progression of subclinical atheroscle-
rosis (Anderson et al., 1995; Curtis et al., 2012; Gonzlez
Caete and Durn Agero, 2014).

Researchers also used biomarkers of soy intake in assessing
785the relationship between soy consumption and coronary heart

disease (CHD). Biomarkers that reflect both intake and metab-
olism may be more informative than self-reports of dietary
intake. Research findings on urinary isoflavonoids and risk of
CHD concluded that equol, a bioactive metabolite of soy isofla-

790vone daidzein, may be inversely associated with risk of CHD in
women (Zhang et al., 2012). Over all clinical and epidemiologic
data indicate that adding soy foods to the diet can contribute to
the health of postmenopausal women by addressing several
conditions and diseases associated with the menopausal transi-

795tion (Messina, 2014).

Isoflavones and epigenetic changes
De-regulation of gene expression is a hallmark of cancer. Epige-
netic changes are mediated by several molecular mechanisms
like histone modifications, small non-coding or anti-sense

800RNA and DNA methylation (Dagdemir et al., 2013a). The iso-
flavones have been reported to interact with epigenetic modifi-
cations, specifically hypermethylation of tumor suppressor
genes. Now the mechanisms are known by which phytoestro-
gens act on chromatin in breast cancer cell lines, and tend to

805modify transcription through the demethylation and acetyla-
tion of histones in breast cancer cell lines (Dagdemir et al.,
2013b). Latest research findings further enlightened the impact
of dietary intake of isoflavones on the epigenetic gene regula-
tion in cancer prevention. These effects have been suggested to

810contribute in cancer prevention by affecting several key pro-
cesses such as DNA repair, cell signaling cascades including
Wnt-signaling, induction of apoptosis, cell cycle progression
(Pudenz et al., 2014). Likewise dietary soy consumption caused
deleterious effect on the granulosa cell tumor development

815(GCT) in human. Genistein modulates estrogen receptor
expression in the human granulosa cell tumor-derived
COV434 cell line and positively promotes cell growth by sup-
pressing caspase-dependent apoptosis (Mansouri-Attia et al.,
2014).
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820 Lowering risk of breast cancer
Considerable research efforts have been made to validate the
benefits of soy isoflavones in the prevention and/or treatment
of breast cancer. The incidence and mortality rates of breast
cancer are high in the Western world compared with countries

825 in Asia, possibly because of selection of dietary intakes. In
Asian populations, where soy intake is high, the researchers
found an inverse association between soy food intake and
breast cancer (Nagata et al., 2014). Data from over 16000
women, diagnosed with breast cancer recurrence, was pre-

830 sented in the 102nd Annual Meeting of American Association
for Cancer Research and recommended that it is beneficial to
include soy food as part of healthy diet for women, including
those which had breast cancer (AACR, 2011).

Lowering risk of prostate cancer
835 Enlargement of the prostate gland and eventually developing

into prostate cancer is a rapidly growing disease in men. Differ-
ent diagnostic testing programs are in operation for random
screening and an early detection of prostate cancer or its symp-
toms. It is estimated that worldwide more than over 1 million

840 new cases of prostate cancer are diagnosed yearly. Prostate can-
cer affects more North American than Asian men. The differ-
ence in the incidence rate has been linked to the presence of
microbiota (intestinal bacteria) that converts genistein into
equol, which is abundant in Asian population than North

845 Americans and Europeans (Akaza, 2012). This means that
prostate cancer has marked geographic variations between
countries. Also genetic, epigenetic, and environmental factors
co-contribute to the development of the cancer. Mortality from
prostate cancer is much higher in the U.S. than in Asian coun-

850 tries, such as Japan and China.
Extensive worldwide research studies investigated the asso-

ciation between dietary factors and prostate cancer, and also
potential for soybean and its products to prevent this disease.
Soy isoflavone supplementation appeared to slow the rising

855 serum prostate specific antigen (PSA) concentration associated
with prostate tumor growth of prostate cancer patients. Multi-
ple meta-analysis of randomized controlled trials were reported
on the efficacy of soy and soy isoflavones in men with prostate
cancer (PCa) or with a clinically identified risk of PCa, Meta-

860 analyses of these studies including men with identified risk of
PCa found a significant reduction in PCa diagnosis after
administration of soy isoflavones. However short-term intake
of soy isoflavones did not affect serum hormone levels or PSA
(Dalais et al., 2004; Messina et al., 2006; Pendleton et al., 2008;

865 Yan and Spitznagel, 2009; Miyanaga et al., 2012; Hamilton-
Reeves et al., 2013; Mahmoud et al., 2014; Adjakly et al., 2014;
van Die et al., 2014).

To determine the mechanisms or pathways as to how con-
sumption of soy foods helps to reduce the risk of prostate can-

870 cer, clinical trials were undertaken on clinical pharmacology of
isoflavones and its relevance for potential prevention of pros-
tate cancer (De Souza et al., 2010). Isoflavones are phytoestro-
gens that have pleiotropic effects in a wide variety of cancer cell
lines. Many of these biological effects involve key components

875 of signal transduction pathways within cancer cells, including
prostate cancer cells. Epidemiological studies have raised the
hypothesis that isoflavones may play an important role in the

prevention and modulation of prostate cancer growth. Recently
published review article discussed the possible molecular mech-

880anisms behind the reduced risk of prostate cancer (PCa), when
soy food added to the diet (Mahmoud et al., 2014). Cell-based
studies show that soy isoflavones regulate genes that control
cell cycle and apoptosis. Food intake rich with soy isoflavones
may induce growth arrest and apoptosis of PCa, regulated by

885estrogen- and androgen-mediated signaling pathways. Other
possible mechanisms include antioxidant defense, DNA repair,
inhibition of angiogenesis and metastasis, potentiation of radio-
and chemotherapeutic agents. Major Phytoestrogens genistein
and daidzein have the ability to reverse DNA methylation in

890cancer cell lines. This action may be mediated through ERb
(Adjakly et al., 2014).

Overall, data obtained from clinical studies are much more
convincing in regard to the activity of a number of isoflavones,
and have led to the development of genistein and phenoxodiol

895in the clinic as potential treatments for prostate cancer. How-
ever, the potential activity of isoflavones in combination with
cytotoxics or radiotherapy warrants further investigation. Fur-
ther evaluation of the role of soy isoflavones in inducing apo-
ptosis and cell cycle control is warranted in the preventive and

900therapeutic setting. Although these research findings are
encouraging, the results of larger randomized controlled trials
are needed to determine whether soy isoflavone supplementa-
tion can play a targeted role in the prevention or treatment of
prostate cancer.

905Osteoporosis and menopausal symptoms
Osteoporosis is the thinning of bone tissue and loss of bone
mineral density (BMD). About 1 out of 5 American women
over the age of 50 suffer from osteoporosis. Menopause is char-
acterised by the loss of estrogen production by the ovaries. The

910lack of estrogen increases the ability of osteoclasts to absorb
bone. Osteoclasts (the cells which produce bone) are not
encouraged to produce more bone. The main cause of osteopo-
rosis in ageing women is a decline in estrogen hormone in their
body. This decline in menopausal hormone contributes to the

915risk of osteoporosis. The Hormone Replacement Therapy
(HRT) is one of the ways to reduce such a risk (Messina, 1998).
However women are unwilling to start HRT treatment because
of increased risk of breast and endometrial cancer. Soy isofla-
vones, if available, may act as substitute for low or no natural

920estrogen release to prevent bone loss. As such soy isoflavones
have been widely studied for their effects on bone health in the
preservation of the bone substance, and fight osteoporosis by
improving bone strength in postmenopausal women. Meta-
analyses on the effect of soy isoflavones on BMD concluded

925that six month intake of soy isoflavones was adequate to exert a
beneficial effect on it, especially of the lumber spine. These
studies also evaluated the effects of soy isoflavones on bone
turnover markers and found that these bioactive compounds
did significantly reduce the levels of urine deoxypyridinoline (a

930bone resorption marker) (Wei et al., 2012). This is the reason
why people in China and Japan experience low incidence of
osteoporosis, despite their low consumption of dairy products,
whereas in Europe and North America the contrary happens.
Recently a research group from China analyzed multiple pub-

935lished international clinical studies on the application of soy
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isoflavones to prevent osteoporosis, the central cause of hip
fractures and other bone fractures, and concluded that soy iso-
flavones intake increase BMD (Taku et al., 2011). Overall, the
beneficial effects of soy isoflavones are possibly the results of

940 their chemical similarity to human estrogen, which is known to
increase BMD in menopausal women. Also there are molecular
mechanisms behind the action of genistein (soy isoflavone) in
reducing the risk of bone loss, when soy food added to the diet.
Genistein is an estrogen receptor (ER)-selective binding phyto-

945 estrogen, with a greater affinity to ERb. Genistein enhances
osteoblastic differentiation and maturation by activation of
estrogen receptor (ER), p38MAPK-Runx2, and NO/cGMP
pathways. It also inhibits osteoclast formation and bone resorp-
tion through inducing osteoclastogenic inhibitor osteoprote-

950 gerin (OPG) and blocking NF-kB signaling (Ming et al., 2013).

Relief in menopausal symptoms
Most women experience hot flashes or night sweats during
their menopause. This result in impaired concentration, dis-
turbs sleep and other physical problems like joint and muscle

955 pain. To reduce hot flashes hormone treatment often recom-
mended but can have side effect. As such isoflavones intake
may play a role in controlling hot flashes by replacing hormone
treatment (Li et al., 2014). This may possibly be due to the
structural similarity of isoflavones and human estrogen.

960 Recently reported clinical and epidemiologic data (“meta-anal-
ysis”-which is the largest and most comprehensive conducted
to date) indicate that adding soy foods to the diet can contrib-
ute to the health of postmenopausal women by reducing the
frequency and severity of hot flushes (Taku et al., 2012; Mes-

965 sina, 2014; Chen et al., 2014). Genistein, a predominant soy-
bean isoflavone, supplement can alleviate menopausal hot
flashes in postmenopausal women. Based on these latest
research findings it can be concluded that the use of soy isofla-
vones (phyto-oestrogens) can lead to a significant reduction in

970 some of the disorders linked with the menopause, especially
hot flushes by making up the decline of endogenous estrogen
hormone.

Regarding the role of soy isoflavone and their metabolites
including equol, clinical studies compared outcomes among

975 women whose intestinal bacteria have the ability to convert
daidzein to equol (equol producers) with those that lack that
ability (equol non-producers). This comparison may help to
determine if equol producers derive greater benefits from soy
supplementation. Also consensus appearing that soy isoflavone

980 and its metabolite S-equol supplements provides relief from
menopausal discomforts like hot flash frequency as well as
muscle and joint pain (NAMS, 2011; Clarkson et al., 2011;
Jenks et al., 2012).

Obesity and diabetes
985 It is for the most part accepted that obesity is caused by an

imbalance between energy intake and energy consumed. The
increased body weight contributes to the development of meta-
bolic syndrome a pre-cursor to diabetes, an insulin resistant
phenomenon. There have been many speculations that soy iso-

990 flavones could play important role in body weight (obesity)
management issues. These speculations are based on the
knowledge that isoflavones are mildly estrogenic and that data

from animal models for obesity showed reductions in body fat
accumulation and improvement in insulin resistance, a hall

995mark for obesity (Velasquez and Bhathena, 2007; Zimmermann
et al., 2012). Currently, there is no direct evidence of managing
diabetes from soy isoflavones in diets, although efforts and lab-
oratory trials are continuing. Likewise, there are only a few
human studies, with limited information on loss in body weight

1000(Orgaard and Jensen, 2008). Recent evidence has indicated that
dietary polyphenols may modulate mitochondrial function,
substrate metabolism and energy expenditure in humans.
Effects of short-term supplementation of two combinations of
polyphenols increases energy expenditure and alters substrate

1005metabolism in overweight subjects. Positive effect of soy isofla-
vones may possibly be due to their higher lipolytic potential
(Most et al., 2013). These findings further suggested that long-
term supplementation of these dosages may improve metabolic
health and body weight regulation.

1010Cognitive functions
Cognitive activities generally refer to reception, learning, mem-
ory and expression. These factors are greatly affected by aging
processes. As the world aging population is increasing, there is
growing concern that incidences of Alzheimer/dementia (mem-

1015ory loss and learning) will also increase accordingly along with
health care cost. Studies have shown that estrogen replacement
therapy (ERT) can possibly increase verbal memory, and may
prevent Alzheimer disease in postmenopausal women. Isofla-
vones being structurally similar to 17b-estradiol have been

1020shown to bind estrogen receptors and may positively influence
learning and memory expression in women (Henderson et al.,
2000; Neese et al., 2012).

A range of randomized double-blind, crossover, placebo-
controlled studies involving healthy postmenopausal women

1025with variable age groups receiving isoflavone tablets showed an
increase in cognitive functions like working and visual memory
(Casini et al., 2006; Santos- Galduroz et al., 2010; Greendale
et al., 2012; Henderson et al., 2012). This area of research has
also shown some inconsistent results. This may, possibly, be

1030due to substandard or poor experimental designs that did not
include other factors such as identities, purities, source of iso-
flavones as well large number of participants. This topic has
been thoroughly reviewed, analyzed and recommendations
made for future research (Wrenn, 2013).

1035Negative effects and inconclusive results

Alongside side hope and positivity backed by strong research
based evidence, results of some studies on soy isoflavones are
inadequate, inconsistent or statistically not significant in sup-
porting some of the suggested health benefits of consuming soy

1040protein or isoflavones, except for a modest effects (Alekel et al.,
2010; Thai et al., 2012). There are also real concerns that exces-
sive amounts of isoflavones in serum may promote other hor-
mone-related problems. Although there are not many
documented cases but a few incidences of feminizing effects-

1045reduced libido and erectile dysfunction, reduced sperm concen-
tration without morphological changes are reported (Siepmann
et al., 2011; Cederroth et al., 2012; Yin et al., 2014). However,
meta- analysis on the clinical evidences concluded that soy
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food or isoflavones did not affect semen and sperm (Hamilton-
1050 Reeves et al., 2010).

Having said that more rigorous studies are required to assess
dose-response relationships while consuming soy food and
supplementation. Possible fertility issues among males and the
unknown long-term health effects of consuming highly proc-

1055 essed modern soy foods needs cautious approach. Overall, con-
suming moderate amounts of traditionally prepared and
minimally processed soy foods may offer modest health bene-
fits while minimizing potential for adverse health effects
(DAdamo and Sahin, 2014).

1060 Future research directions

Given the recent upsurge in soy products in the human food
market, it may be important to indicate, in addition to the
amount of isoflavones, the type of isoflavones in these products.
Processing can, possibly, affects the retention and distribution

1065 of isoflavone isomers in soy foods. The conversion and loss of
isoflavones during processing may affect the nutraceutical val-
ues of soybean. Different types of processing will have different
health/physiological effects that can be achieved when soy
products are consumed. New processing technologies may be

1070 needed to meet the growing demands of soy products with or
without isoflavones, especially increased genistein as meat
replacement and/or for managing health. Although soy isofla-
vones were hailed as magical natural component that provides
health benefits to human, but some clinical trials have raised

1075 doubts on the validity of such claims. There are urgent needs to
address these inconsistencies. One of the major issues appears
to be ill conceived and/or not well-thought out experimental
designs that lacked information on the nature, quality and bio-
availability of isoflavones. This may require establishing well

1080 defined international guidelines for investigations on health
benefits for soy protein and isoflavones. In addition there is a
stronger need to keep an eye on the reported side effects of
over use of soy drink, beverage and meatless products that con-
tain soy ingredients as animal protein substitutes. Also, possible

1085 fertility issues among male humans, and the unknown long-
term health effects of consuming highly processed modern soy
foods needs cautious approach. And finally, greater standardi-
zation and documentation of clinical trial data of soy isofla-
vones are needed to further substantiate health benefit claims.
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