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1. Introduction  

The soybean seeds (Glycine max) originate from north-eastern Asian regions, especially 
China and Korea and, since its introduction to American colonies in 1765 (Hymowitz and 
Harlan 1983), its consumption has been worldwide spread. Soybeans are an economically 
important crop, which has been traditionally used for animal feed as well as for human 
food. In this field, soy has been a valuable resource for humankind by providing excellent 
proteins and other nutrients and, in many countries, soybeans and soy-based foods are 
considered as a staple food thanks to its low cost and high availability (Khetarpaul et al. 
2004). Presently, in the market, there are several soy-based products and ingredients such as 
soy sauce, tofu, soy protein, soy-based beverages and fermented foods, like miso, tempeh, 
natto, etc. Besides the excellent nutritional properties such as the high protein content and 
the presence of polyunsaturated fatty acids, as well as the absence of cholesterol and lactose; 
soy has demonstrated to provide a preventive effect in the occurrence and development of 
several common diseases.  
In the developed countries, the incidence and prevalence of illnesses like diabetes, 
osteoporosis, cancer, or cardiovascular diseases, among others, are becoming highly 
important and some of them constitute the leading causes of mortality. Generally, oxidative 
damage, inflammatory responses or lipid accumulation as well as other more complex 
biochemical processes are involved in the disease development mechanisms. Scientific 
studies have revealed that most of these illnesses are strongly related to genetic and/or 
environmental factors. In this field, the diet has shown to play an important role in 
preventing the appearance or even reducing the associated symptoms. The lower incidence 
of these diseases in eastern societies, where the soy consumption is considerably high, 
remarks the importance of diet and highlights the beneficial properties of soy. Many of the 
soy benefices have been attributed to the occurrence of several kinds of phytochemicals, 
such as isoflavones, soyasaponins, phytates, or protease inhibitors. These bioactive 
compounds seem to provide a preventive effect by means of reducing or even inhibiting the 
mechanisms of the disease development. Hence, some of their most important properties, 
for instance, the antioxidant, the antiinflammatory or the estrogenic activities, may be 
involved in the disease prevention.  
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In this chapter, the most important aspects of soy composition will be discussed in terms of 
nutritional profile and the occurrence of bioactive compounds. The influence of soy 
consumption on the disease prevention and the role that the phytochemicals play in the 
mechanisms of health promotion will be reviewed.  

2. Nutritional profile of soy  

Nowadays, there is a clear increase in the amounts of commercial soy-based foods so that 
the soy consumption has risen greatly. Some products are becoming increasingly popular 
and they are largely consumed by people in general, such as soy sauces and soy-based 
beverages. On the other hand, soy protein products are largely used as ingredients in meat 
products, breads, soups, and beverages, among others. New soy foods are continuously 
being developed and actually include cheese, salami, drinks and vegetarian meat 
substitutes. Traditionally, soy has been consumed either as fermented or as nonfermented 
foods (Wang and Murphy 1996; Umphress et al. 2005). The most common fermented soy-
based foods include tempeh, miso, natto, sufu, soy sauce, and douchi, whereas the 
nonfermented foods comprise fresh soybeans, soybean sprouts, soymilk, tofu, and protein 
enriched foods such as soy protein flours and/or grits, textured soy protein and soy protein 
concentrates or isolates. Nutrient composition can be influenced not only by the genetics, 
the cultivar, or the growth conditions, but also by the processing and refinement; therefore, 
significant variations can be detected in the soybeans and soy-based foods nutritional profile 
(Grieshop and Fahey 2001; Grieshop et al. 2003).  
Whole soy protein content usually ranges between 30 and 48% (Cai et al. 1997; Esteves et al. 

2010). Glycinin toghether with -, -, and -conglycinins are soybean globulins and they 
represent the major components of the storage proteins of soy seeds. The seeds also contain 
bioactive proteins, including ┙-amylase, cytochrome c, lectin, lipoxygenase, urease and 
protease inhibitors (Wolf 1970). Soy is rich in essential amino acids, like lysine, isoleucine 
and leucine; and also in other dispensable ones, such as glutamic and aspartic acids. 
Nevertheless, sulphur-amino acids (cysteine and especially methionine), tryptophan and 
valine are limiting amino acids in soy (Aletor 2010; Anuonye et al. 2010).  
Lipid content is considerably high in soy (17-25%) (Cai et al. 1997) although it is not usually 

a disadvantage because soy is generally used to produce edible oil and fat. Soy provides 

polyunsaturated fatty acids, being linoleic acid the most abundant, occurring between 42 

and 58%. Significant amounts of oleic (20-25%), palmitic (8-11%), linolenic (1-8%) and stearic 

(3-6%) acids are also found whereas fatty acids with higher carbon number (eicosanoic, 

eicosenoic, docosanoic and tetracosanoic acids) are only detected in trace amounts (0.1-0.5%) 

(Vieira et al. 1999; Yuan and Chang 2007). 

Carbohydrates constitute approximately the 30-35% of the whole soy seed, especially 
polysaccharide and dietary fibre. Starch, hemicelluloses, cellulose, stachylose, sucrose, 
raffinose, arabinose and glucose are included in its carbohydrate fraction. Dietary fibre, as 
non-starch polysaccharides, is mainly found in the hulls and the content range between 9 
and 16% of whole soy seed (Esteves et al. 2010). The insoluble fraction is the predominant, 
comprising approximately 74-78%. It is mainly composed of arabinose, galactose, glucose, 
xylose and uronic acids. Soluble fibre ranges from 22 to 26% and the principal monomers 
are arabinose, galactose and uronic acids (Redondo-Cuenca et al. 2006).  
Among the nutritionally important major minerals (table 1), whole soy shows high contents of 
potassium, phosphorous, calcium, magnesium and sodium (Vieira et al. 1999; Aletor 2010).   
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 K P Ca Mg Na 

Soy content 
(mg/100 g DW) 

1600-1900 450-650 170-320 215-270 10-21 

Table 1. Major minerals present in soy (DW: dried weight). 

Furthermore, other trace minerals are also found (table 2), for instance, iron, zinc, 
manganese, cooper and selenium, nickel and chromium (Anuonye et al. 2010).  
 

 Fe Zn Mn Cu Se Ni Cr 

Soy content 
(mg/100 g DW) 

13-19 3-5 2-3 ~2 ~2 ~1 ~1 

Table 2. Minor minerals detected in soy (DW: dried weight). 

Soy contains water soluble vitamins (table 3), such as ascorbic acid (vitamin C) whose 
content varies from 0.03 to 35 mg/100 g dried weight, riboflavin (B2) from 0.7 to 0.9 mg/100 
g dried weight and B6, which is the most abundant (2-5.5 mg/100 g dried weight) (Anuonye 
et al. 2010). Vitamin E, a lipid soluble vitamin is also detected in soy; thus, four kinds of 
tocopherol compounds are found in soy: ┙-tocopherol, whose content varies from 0.4 to 8 
mg/100 g dried weight; ┛-tocopherol, from 4 to 80 mg/100 g dried weight; ├-tocopherol, 
from 1 to 50 mg/100 g dried weight; and a trace amount of ┚-tocopherol (Kasim et al. 2010; 
Li et al. 2010). 
 

 Vit. C Vit. B2 Vit. B6 ┙-Toc. ┛-Toc. ├-Toc. ┚-Toc. 

Soy content 
(mg/100 g DW)

0.03-35 0.7-0.9 2-5.5 0.4-8 4-80 1-50 traces 

Table 3. Vitamins found in soy (DW: dried weight). 

3. Bioactive compounds occurring in soy 

Soy is a source not only of proteins, vitamins and minerals, but also of many bioactive 
compounds, such as isoflavones, protease inhibitors, saponins, and phytates. Substantial 
changes of phytochemical content in soybean seeds are found depending on the source 
because, as well as the nutritional profile, the functional composition is strongly affected by 
genetic and environmental factors, together with the processing conditions. The great 
importance of these compounds is based on their biochemical activity which results in 
health promotion and disease prevention. The activity of phytochemicals in the human body 
may be strongly influenced by absorption and bioavailability. Thus, relative disposition 
appears to be determined by the chemical nature, in terms of solubility and susceptibility to 
degradation by gut microorganisms. 

3.1 Isoflavones 
Soy has attracted much attention due to its healthy benefits associated with the presence of 
isoflavones. They comprise a group of naturally occurring flavonoids, which are 
heterocyclic phenols, possessing three aromatic rings with several hydroxyl groups. Soy 
contains three main types of isoflavones occurring in different chemical forms, which are the 
aglycones (daidzein, genistein and glycitein), the ┚-glucosides (daidzin, genistin and 
glycitin), the 6”-O-acetyl-┚-glucosides and 6”-O-malonyl-┚-glucosides. Furthermore, the 4’-

www.intechopen.com



 
Soybean and Nutrition 

 

292 

methyl ethers of daidzein and genistein, formononetin and biochanin A, are also detected in 
soy (figure 1).  
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Fig. 1. Chemical structure of the main isoflavones occurring in soy.  

Total isoflavone content in whole soy usually ranges from 50 to 450 mg/100 g dried weight 
(Kim et al. 2005). Generally, the ┚-glucosides account for the 30-35%, the 6”-O-malonyl-┚-
glucosides are the most abundant (50-65%), the aglycone content is less important (4-12%) 
and the 6”-O-acetyl-┚-glucosides are usually scarce (0-5%) (Franke et al. 1999; Genovese et 
al. 2006). These percentages may change significantly when soy is processed since the 6”-O-
malonyl-┚-glucosides are instable under heat so that they are converted into the 
corresponding aglycones (Villares et al. 2011). Daizein, genistein and their derivatives are 
commonly the most abundant isoflavones in soy whereas glycitein is sometimes only 
detected as traces. About 80-90% of total seed isoflavones are located in the cotyledons 
(Tsukamoto et al. 1995).  
Isoflavones have attracted a great deal of attention due to their antioxidant (Kao and Chen 
2006; Chung et al. 2008), antiinflammatory (Park et al. 2007; García-Lafuente et al. 2009), and 
antiallergic (Chang et al. 2000) properties. These compounds have shown to reduce the risk 
of cardiovascular disease (Jackman et al. 2007), and promote the inhibition of cancer cell 
growth (Sarkar and Li 2003; Kao et al. 2007; Davis et al. 2008). Furthermore, soy intake plays 
an important role in the prevention of several ailments including osteoporosis, and 
menopausal symptoms (Dijsselbloem et al. 2004; Phrakonkham et al. 2007; Coxam 2008; Ma 
et al. 2008) since the isoflavones act as antiestrogens (Okamoto et al. 2006; Zhang et al. 2007) 
and tyrosine protein kinase inhibitors (Papazisis et al. 2006).  

3.2 Lectins and trypsin inhibitors 

Lectin (hemagglutinin or agglutinin) is a highly specific carbohydrate-binding protein, with 
the highest affinity for N-acetyl-D-galactosamine, and an important role in biological 
recognition. Soybeans seeds contain between 300 and 600 mg/100 g of lectins (Gu et al. 
2010), which is approximately 0.2 – 1% of the soy protein (Rizzi et al. 2003; Anta et al. 2010). 
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Trypsin inhibitors comprise several protein and peptides including the Bowman-Birk 
inhibitors, the Kunitz inhibitors and lunasin. Soybean Bowman-Birk inhibitor (BBI) is a 
polypeptide of 71 amino acids belonging to the serine-protease inhibitor family. BBI tighyly 
interacts with trypsin or chymotrypsin and strongly inhibits their enzymatic activities 
(Odani and Ikenaka 1972). The Kunitz soybean inhibitor has been widely studied and 
consists of a single polypeptide chain crosslinked by two disulfide bridges, which inhibits 
trypsin and, in a lesser extent, chymotrypsin. Lunasin is a 43 amino acid peptide originally 
isolated from soy (De Mejia et al. 2004). Trypsin inhibitors usually range from 3000 to 6000 
mg/100 g of soy seed (Gu et al. 2010), which comprise between 30 and 125 mg per gram of 
protein (Esteves et al. 2010). 
Lectins and protease inhibitors have been usually considered as antinutrients because they 
may reduce the nutritional value of soybean (Machado et al. 2008; Ma and Wang 2010). 
Nevertheless, their intake have shown preventing properties against several diseases, for 
instance cancer (de Lumen 2005). Soy proteins seem to reduce the total lipids and cholesterol 
levels in the liver of rats (Potter 1995; Nagaoka et al. 1999). The Bowman-Birk soybean 
inhibitor has demonstrated to be involved in antiinflammatory processes preventing the 
development of cancer and coronary diseases (Dia et al. 2008). Furthermore, other peptides 
from soy have shown antihypertensive properties in spontaneously hypertensive rats (Chen 
et al. 2004; Gouda et al. 2006).   

3.3 Saponins 

Saponins are triterpenes or steroid aglycones with one or more sugar chains. The chemical 
structure comprises a hydrophobic nucleus (sapogenin) to which hydrophilic sugar chains 
are bound (Guclu-Ustundag and Mazza 2007). Saponins from soy, usually referred as 
soyasaponins, are classified in A, B and E groups depending on the chemical structure of the 
aglycones (Shiraiwa et al. 1991). Group A saponins have a hydroxyl group at the C-21 
position whereas group B saponins have a hydrogen atom at the same position. Group E 
saponins are considered the oxidation products from group B saponins and differ from 
groups A and B by having a carbonyl group at C-22. In figure 2 the chemical structure of 
main soyasaponins is depicted.  
Soy is the primary dietary source of saponins, which are generally in the hypocotyl, and the 
three groups of soyasaponins occur. The total content in soy may vary from 140 to 975 
mg/100 g dried weight (Tsukamoto et al. 1995) and the group B usually accounts for up to 
70% of total soyasaponins (Paucar-Menacho et al. 2010), being the subgroups I, ┙g, ┚g and 
┛g the most abundant. In the contrary, the saponins II, III, IV, V and ┛a are found in low 
amounts (Hubert et al. 2005). The group A soy saponins comprises several species 
depending on the sugar composition and the position to be attached the sugar moiety, 
generally the C-3 although sometimes the C-22 position of the aglycones. Among them, 
subgroup Aa is the most abundant (Paucar-Menacho et al. 2010).   
The group A soyasaponins are associated with the undesirable bitter and astringent taste of 
soy; nevertheless, the group B and E saponins and their labile precursor 2,3-dihydro-2,5-
dihydroxy-6-methyl-4H-pyran-4-one – conjugated saponin (DDMP) have shown several 
health benefits. Thanks to their amphiphilic nature, saponins have been added to 
pharmaceutical preparations the enhance absorption of bioactive compounds or drugs. In 
addition, they have been employed as immunological adjuvants in vaccine formulations due 
to their immune enhancing properties (Kensil et al. 2004). For instance, saponins appear to 
inhibit the infectivity of the AIDS virus (Nakashima et al. 1989; Vlietinck et al. 1998) and the 
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Fig. 2. Chemical structure of the saponins occurring in soy.  

herpes simplex virus type 1 (Hayashi et al. 1997). Soyasaponins are reported to be 

hepatoprotective (Kinjo et al. 2003) and have also shown a preventive effect on the growth 

of human colon cancer cells (Tsai et al. 2010). The chemical structure significantly influences 

the saponins bioactivity; thus, individual soyasaponin I exhibits lipid peroxidation 

inhibitory effects in vitro, antiinflammatory properties in mice with TNBS-induced colitis 

(Lee et al. 2010), and potentially reduces metastatic ability of cancer cells (Chang et al. 2006). 

Moreover, soyasaponins I and III are reported to induce apoptosis in cells involved in 

hepatocarcinoma (Zhang and Popovich 2010).  

3.4 Phytates 

Phytic acid (myo-inositol-1,2,3,4,5,6-hexakis dihydrogen phosphate, figure 3) is the main 

storage source of phosphorus and minerals in many plant tissues. Besides phytate (the salt 

of phytic acid), other inositol phosphates, such as inositol pentaphosphates and inositol 

tetraphosphates, exist although to a much lower extent (Schlemmer et al. 2009). Phytic acid 

is found in many seeds and soy content varies from 1 to 3% (Esteves et al. 2010).Phytates 

have been traditionally regarded as antinutrients because they form complexes with 

proteins and minerals resulting in enzyme inhibition and mineral deficiencies. 
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Fig. 3. Chemical structure of myo-inositol-1,2,3,4,5,6-hexakis dihydrogen phosphate.  

Nevertheless, phytates intake has shown beneficial properties, for instance, blood glucose 
levels, serum total cholesterol and LDL cholesterol are significantly reduced after their 
intake (Lee et al. 2006; Lee et al. 2007). Furthermore, their consumption demonstrated to 
increase bone mineral density, thus, preventing osteopororis (Lopez-Gonzalez et al. 2008). 
Phytates also inhibit the crystallisation of calcium salts (oxalates and phosphates) avoiding 
the formation of kidney stones (Grases et al. 2000). The chelating effect of phytates avoids 
the excess iron accumulation and, therefore, provides a protective effect in Parkinson’s 
disease (Xu et al. 2008) and antioxidant properties by inhibiting the Fenton oxidative 
reaction and the iron mediated lipid peroxidation (Graf and Eaton 1990; Rimbach and 
Pallauf 1998). On the other hand, phytate play an important role in cancer prevention and 
control of experimental tumor growth, progression and metastasis. Phytate appear to reduce 
cell proliferation and also induces differentiation of malignant cells. Hence, phytate has 
shown to decrease cancer biomarkers of colon, liver, lung, prostate, breast, skin and soft 
tissue carcinogenesis in rats and/or mice (Jenab and Thompson 1998; Jenab and Thompson 
2000; Shamsuddin 2002; Vucenik and Shamsuddin 2004). Furthermore, the parent 
compound inositol appears to enhance the anticancer effect of conventional chemotherapy 
in addition to control cancer metastasis and improve quality of life (Vucenik and 
Shamsuddin 2006). Thus, the combination of phytate plus inositol holds great promise in 
cancer treatments (Vucenik and Shamsuddin 2003; Singh and Agarwal 2005).  

4. Disease prevention 

In table 4, the most important effects of the bioactive compounds occurring in soy linked to 
the main mechanisms related to common diseases prevention are shown.  
In addition to the excellent nutritional properties of soy, the occurrence of natural 
phytochemicals showing a number of health protective effects has triggered the soy 
consumption. Presently, soybeans and soy-based foods are consumed worldwide and they 
can be considered as good candidates to be included in a healthy diet. Soy intake has been 
related to the prevention of several diseases, for instance, cancer, Alzheimer, osteoporosis, 
or coronary heart diseases.  
Most of the health benefits of soy have been associated with the occurrence of isoflavones; 
nevertheless, as commented in the previous section, other phytochemicals also play an 
important role in the disease prevention. The studies have been performed not only by 
evaluating the soy intake but also the effect of supplementation with the isolated bioactive 
compounds. Generally, the observed effects are dose-dependent so as to show a preventive 
or the opposite activity deppending on the concentration.  

www.intechopen.com



 
Soybean and Nutrition 

 

296 

Disease Compound Main effects 

Cardiovascular 

disease 

Isoflavones 

Reduction of total lipids and triglycerides 

Inhibition of oxidative stress 

Decrease in bood pressure 

Inhibition of NO and TNF-┙ 

Phytate 
Reduction of total homocysteine, transferrin 

saturation, and ferritin 

Saponins 

Hypocholesterolemic properties 

Reduction of elevated blood sugar 

Inhibition of lipid peroxidation 

Soy proteins 
Total cholesterol and lipids reduction 

Antihypertensive properties 

Cancer 

Isoflavones 

Reduction of oxidative damage 

Inhibition of cancer cell proliferation 

Activity in estrogen and progesterone receptors 

Inhibiton of protein tyrosine kinases 

Cessation of DNA, RNA, and protein synthesis of 

the carcinogenic cells 

Induction of apoptosis 

Trysin inhibitors 

Suppression of cancer cell invasion 

Reduction of tumor generation and cell proliferation 

Inhibition of tumor promotion by avoiding the 

digestion of proteins 

Reduction of carcinogens adsorption 

Saponins 

Suppression of the inflammatory response 

Induction of apoptosis 

Antiestrogenic activity 

Inhibition of tumor cell metastasis 

Antimutagenic activity effect 

Bile acid binding action 

Normalization of carcinogen-induced cell 

proliferation 

Osteoporosis 
Isoflavones (Effects have not reached a consensus) 

Phytate Reduction of bone mineral density loss 

Alzheimer Isoflavones 

Inhibition of amyloid-┚-peptide fibril formation 

Suppression of the inflammatory response 

Reduction of oxidative damage 

Table 4. Main mechanisms of action observed for the bioactive compounds present in soy 
related to disease prevention. 

4.1 Cardiovascular disease 

Cardiovascular diseases (CVD) remain the largest cause of death in developing countries. 

Coronary heart disease (CHD) and cerebrovascular disease, which includes stroke and 

transient ischemic attacks, are the main CVD incidents. Coronary heart disease is 

significantly more frequent than stroke, and increases considerably after menopause as a 
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consequence of higher levels of low density lipoproteins (LDL) and total cholesterol (Rosano 

et al. 2007). Cardiovascular diseases have a multifactorial aetiology and the pathogenesis of 

arterial forms of CVD is associated with atherosclerosis, an inflammatory process that 

develops at specific locations within the arterial tree. Potential risk biomarkers have been 

identified, such as lipid and lipoprotein metabolism (LDL and HDL cholesterol and 

triacylglycerol amounts), the haemostatic function, the oxidative damage, the homocysteine 

metabolism, and blood pressure (Mensink et al. 2003). The relationship between the 

biomarker and the risk has not clearly reached a consensus; hence, only LDL and HDL 

cholesterol, triacylglycerol, homocysteine and blood pressure are well-validated and 

generally accepted biomarkers.  
Asiatic populations, whose diet is particularly rich in soy, show low rates of CVD, whereas 
groups moved to western societies lose this protection (Nagata 2000; Zhang et al. 2003). This 
fact highlights the cardiovascular disease protection by the occurring phytochemicals in soy, 
specially isoflavones and other flavonoid derivatives. Epidemiological studies clearly 
evidence that isoflavones and soy bioactive proteins are involved in CVD prevention (Cano 
et al. 2010; Jenkins et al. 2010); thus, they have demonstrated to reduce total cholesterol, 
triglycerides and LDL. A possible mechanism could involve the modulation of LDL receptor 
levels in human liver (Carroll and Kurowska 1995). Furthermore, dietary supplementation 
with soy isoflavones favorably alters insulin resistance and controls glycemic levels 
(Jayagopal et al. 2002). Recent studies have demonstrated that daily ingestion of purified soy 
isoflavones or soy-based foods significantly decreases blood pressure in adults (Matsui et al. 
2010; Taku et al. 2010). On the other hand, individual isoflavones appear to play an 
important role in other biochemical processes related to CVD, for instance, genistein and 
daidzein seem to inhibit the nitric oxide (NO) and tumour necrosis factor alpha (TNF-alpha) 
production, showing genistein a greater inhibitory effect (Gottstein et al. 2003). Regarding to 
hemostasis, there is still uncertainty about their role in the hemostatic equilibrium; to date, 
these phytochemicals are involved in platelet aggregation mechanisms, including the 
blockage of the calcium channels (Dobrydneva et al. 2002) or the thromboxane A2 receptor 
(Muñoz et al. 2009), the reduction in the density of thromboxane A2 receptors (Garrido et al. 
2006), or the interference with different platelet singnalling pathways triggered by thrombin 
(Navarro-Nuñez et al. 2009). On the other hand, phytates have been also evaluated in terms 
of protecting against CVD risks in postmenopausal women. Combined with soy protein, 
they have shown a potential atherosclerotic prevention because of the reduction of total 
homocysteine, transferrin saturation, and ferritin (Hanson et al. 2006). Furthermore, other 
biochemicals found in soy are also involved in CVD prevention, for instance, soyasaponins 
show hypocholesterolemic properties because they can form insoluble complexes with 
cholesterol so as to inhibit the intestinal absorption, and saponins could interfere with the 
enterohepatic circulation of bile acids by forming mixed micelles, which are blocked to be 
reabsorbed by the terminal ileum (Oakenfull and Sidhu 1990). Soyasaponins also reduce 
blood sugar when it is elevated and lipid peroxidation levels. In addition, soy proteins have 
shown an overall total cholesterol reduction in postmenopausal women (Mackey et al. 2000) 
as well as other peptides from soy have shown antihypertensive properties (Chen et al. 2004; 
Gouda et al. 2006). 
The similar activities observed for the different bioactive compounds occurring in soy may 

indicate that the disease prevention could be achieved by the same or very similar 

mechanism. In a soy-based diet, the intake of different types of phytochemicals may favour 
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the synergistical interaction so as to induce preventive effects in cardiovascular disease that 

could not be observed with isolated pure compounds.  

4.2 Cancer 

Cancer is a leading cause of death worldwide. Prostate, breast, lung and colon cancers are 

the most common, being breast in women and prostate cancer in men the most prevalent. 

Despite genetic factors, diet may prevent against cancer appearance and development. In 

this field, soy-based foods are known to be inversely associated with the cancer risk. The 

strongest protective effect of the soy intake was reported for breast, prostate, and colon 

cancers (Adlercreutz et al. 1995; Wang and Kurzer 1997). The occurring phytochemicals, 

including isoflavones, phytates, saponins, and protease inhibitors, are believed to contribute 

to the biological effects observed after soy consumption (Messina et al. 1994).  

The cancer protective properties of isoflavones may be attributed to their antioxidant 
(Ibrahim et al. 2008), and antiestrogenic (Cederroth and Nef 2009) actions, or their 
antimutagenic and antiproliferative activities by means of different mechanisms, such as the 
inhibition of protein tyrosine kinases or via cessation of DNA, RNA, and/or protein 
synthesis of the carcinogenic cells (Hirano et al. 1994; Kurzer and Xu 1997). Furthermore, 
isoflavones from soy show the ability of inhibiting the transformation, the differentiation 
(Constantinou and Huberman 1995), and the angiogenesis (Fotsis et al. 1995) of the 
carcinogenic cells, together with the induction of apoptosis (Kyle et al. 1997). Meta-analysis 
of epidemiological studies shows that soy isoflavones consumption contributes to reduce 
the risk of breast cancer incidence; hence, the protective effect of soy was only observed 
among studies conducted in Asian but not in Western populations (Dong and Qin 2011). 
The preventive effect is significantly important in post-menopausal women, according to the 
estrogenic activity of isoflavones, which is commonly associated to the anticarcinogenic 
mechanism of protection (Kang et al. 2010). Similarly, soy isoflavones have shown a 
preventive effect in prostate cancer (Severson et al. 1989; Kucuk 2010). In addition, a meta-
analysis performed for Japanese and Korean populations demonstrated that consumption of 
non-fermented rather than fermented soy-based foods may reduce gastric cancer risk (Kim 
et al. 2011). On the other hand, soy protein fractions also play an important role in cancer 
prevention. Protease inhibitors may act as anticarcinogenic agents by means of different 
mechanisms, including the suppression of reactive oxygen species (superoxide anion free 
radicals) formation by stimulated neutrophils; inhibition of tumor promotion; growing 
cancer cells deprivation of essential amino acids by avoiding the digestion of proteins; and 
the adsorption of carcinogens during passage through the digestive tract, by acting as an 
insoluble fibre (Friedman and Brandon 2001). In this field, a Kunitz type trypsin inhibitor 
isolated from Korean large black soybeans appeared to exert antiproliferative activity 
toward CNE-2 and HNE-2 nasopharyngeal cancer cells, MCF-7 breast cancer cells, and Hep 
G2 hepatoma cells (Fang et al. 2010). The Kunitz type protease inhibitor, bikunin, has shown 
to suppress cancer cell invasion in vitro and metastasis in vivo (Kobayashi et al. 2004). 
Finally, lunasin seems to reduce tumor generation and cell proliferation in breast tumor 
sections (Hsieh et al. 2010). Other bioactive compounds occurring in soy, such as saponins, 
have shown anticarcinogenic properties in colon, liver or breast cancer cell lines. The 
proposed mechanisms of action include direct cytotoxicity, induction of apoptosis, 
antiestrogenic activity, inhibition of tumor cell metastasis, antimutagenic activity effect, bile 
acid binding action, and normalization of carcinogen-induced cell proliferation (Rao and 
Sung 1995). Group B saponins seem to reduce colon cancer cell proliferation possibly by 
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suppressing the inflammatory responses (Kim et al. 2004; Ellington et al. 2005). Thus, 
soyasaponin-supplemented diets could reduce the incidence of aberrant crypt foci, which 
suggest that they may play an important role in the incidence of colon cancer (Koratkar and 
Rao 1997).  

4.3 Osteoporosis 
Estrogen deficiency is involved in many of the proposed mechanisms taking place during 
the development of several menopausal-associated diseases, such as osteoporosis, breast 
cancer, and cardiovascular diseases. Primary type 1 or postmenopausal osteoporosis is a 
reduction of the bone mineral density (BMD) resulting in a significant risk factor for 
fracture, generally in vertebrae, forearm and hip. Soy has been evaluated as a protective 
agent against BMD loss due to the widely recognised estrogenic activity of isoflavones. 
Isoflavones can be considered as possible selective estrogen receptor modulators, which 
may bind to estrogen receptors and selectively stimulate or inhibit estrogen-like action 
(Setchell 2001). The preventive estrogenic activity could act by means of different 
mechanisms, for instance, the direct modulation of osteoblast and osteoclast activity; the 
regulation of the resorptive effects of parathyroid hormone; the inhibition of tyrosine-kinase 
activity with subsequent changes in the activity of alkaline phosphatase; or the inhibition of 
interleukin-1 release, a potent bone resorption agent (Bitto et al. 2010; Pilsakova et al. 2010).  
Studies with animals have proved that soy isoflavones may prevent bone density loss. 
Protection effects may be significantly modified by the addition of prebiotic 
fructooligosaccharides, which increase the isoflavone bioavailability. Therefore, a genistin-
rich diet combined with the intake of fructooligosaccharides is capable of preventing loss of 
bone mineral density by increasing whole-body, right femur, and fourth lumbar bone 
mineral density in rats (Hooshmand et al. 2010). Similarly, the addition vitamins D and K 
and calcium enrichment may enhance the isoflavone preventive effects in bone mass (Jeon et 
al. 2009). Nevertheless, published studies with humans are inconsistent and do not clearly 
support soy protective effect against bone loss. Some of the meta-analysis including data 
from more than 1000 menopausal women revealed that daily ingestion of soy isoflavones 
may increase lumbar spine BMD whereas no significant effects are shown in femoral neck, 
hip, and trochanter BMD (Taku et al. 2010). In contrast, epidemiological studies did not 
found a clear relationship between soy intake and prevention of bone loss and consequently 
fractures in perimenopausal and postmenopausal Western women (Lagari and Levis 2010; 
Ricci et al. 2010). One of the potential inconsistencies among the epidemiological studies 
could be the differences in the isoflavone metabolism. In this field, equol has shown 
stronger estrogenic activity than the parent compound daidzein (Ishimi 2009). Other authors 
propose that the phytate intake associated to a soy-rich diet could provide protection 
against osteoporosis since phytates may reduce BMD loss (Lopez-Gonzalez et al. 2008).  

4.4 Alzheimer’s disease 
The neurodegenerative pathology Alzheimer’s disease is the most common form of 
dementia among people above 65 years old (Hendrie 1998), being more common in women 
regarding to men (Vina and Lloret 2010).  
Neuronal dysfunction, eventually leading to dementia, is caused by accumulation of 
filamentous proteins, such as the amyloid-┚ peptide, which provokes reactive oxygen 
species (ROS) generation, increase in Ca2+ levels and other cytotoxic stimuli. Estrogenic 
compounds protect cells against mitochondrial toxicity of amyloid-┚ peptide toxicity; hence, 
soy isoflavones have demonstrated to prevent Alzheimer’s disease by inhibiting the 
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amyloid-┚ peptide fibril formation in vitro. Among the isoflavones tested, the aglycones and 
equol (a metabolite from daidzein) caused the greater inhibition (up to 30%) (Henry-Vitrac 
et al. 2010). On the other hand, soy isoflavones prevent the occurrence of Alzheimer’s 
disease because of the antiinflammatory and antioxidant properties (Hsieh et al. 2009).  

4.5 Other beneficial effects 

In addition to the described diseases prevention, numerous other benefits are reported to be 
associated with soy-containing diets. For instance, as commented before, soy seems to 
provide protective effects against obesity by lowering the LDL and total cholesterol levels; 
and diabetes by reducing the glucose concentration. Furthermore, soybean inhibitors may 
protect against induced pancreatitis (Jurkowska et al. 1992), gastrointestinal mucosal injury 
(Funk and Baker 1991), and kidney diseases (Kinjo et al. 1998). Soyasaponins show 
significant inhibitory effects on the prevalence of herpes labialis and inhibit the replication 
of human cytomegalovirus and influenza virus (Hayashi et al. 1997).  

5. Conclusion 

Soy and soy-based foods have demonstrated to be good candidates to be included in healthy 
diets. Soy seeds provide high amounts of protein, dietary fibre, polyunsaturated fatty acids, 
vitamins and minerals whereas cholesterol and lactose levels are considerably low. Soy has 
attracted much interest not only because of its excellent nutritional properties, but also due 
to the occurrence of a number of bioactive compounds, such as isoflavones, saponins, 
protease inhibitors or phytates, among others. Many of the healthy benefits attributed to soy 
intake are due to the high content of these phytochemicals. Disease prevention comprises a 
wide range of mechanisms of action and some of these bioactive compounds have shown to 
be involved not only in a unique reaction but in some of them. Among the most important 
properties, the bioactive compounds exert antioxidant, antiinflammatory, or estrogenic 
activities, which have been demonstrated to be implicated in the health promotion and 
disease prevention. Concluding, according to the epidemiological studies, soy may provide 
a protective effect against common diseases, for instance, cancer, cardiovascular disease, 
osteoporosis or even Alzehimer’s disease. 

6. Acknowledgment 

The authors acknowledge funding from INIA project AT07-003.  

7. References 

Adlercreutz, C. H. T., B. R. Goldin, S. L. Gorbach, K. A. V. Hockerstedt, S. Watanabe, E. K. 

Hamalainen, M. H. Markkanen, T. H. Makela, K. T. Wahala, T. A. Hase and T. 

Fotsis (1995). Soybean phytoestrogen intake and cancer risk. Journal of Nutrition, 

Vol. 125, No. 7, pp. 1960-1960. 

Aletor, O. (2010). Soyabean meal versus soyabean protein isolate: A comparative study of 

the nutritive and functional attributes. Journal of Food Agriculture & Environment, 

Vol. 8, No. 2, pp. 34-38. 

www.intechopen.com



 
Soy and Soy-Based Foods: Role in Health and Nutrition 

 

301 

Anta, L., M. L. Marina and M. C. Garcia (2010). Simultaneous and rapid determination of the 

anticarcinogenic proteins Bowman-Birk inhibitor and lectin in soybean crops by 

perfusion RP-HPLC. Journal of Chromatography A, Vol. 1217, No. 45, pp. 7138-7143. 

Anuonye, J. C., J. O. Onuh, E. Egwim and S. O. Adeyemo (2010). Nutrient and Antinutrient 

Composition of Extruded Acha/Soybean Blends. Journal of Food Processing and 

Preservation, Vol. 34, No., pp. 680-691. 

Bitto, A., F. Polito, F. Squadrito, H. Marini, R. D'Anna, N. Irrera, L. Minutoli, R. Granese and 

D. Altavilla (2010). Genistein Aglycone: A Dual Mode of Action Anti-Osteoporotic 

Soy Isoflavone Rebalancing Bone Turnover Towards Bone Formation. Current 

Medicinal Chemistry, Vol. 17, No. 27, pp. 3007-3018. 

Cai, T. D., K. C. Chang, M. C. Shih, H. J. Hou and M. Ji (1997). Comparison of bench and 

production scale methods for making soymild and tofu from 13 soybean varieties. 

Food Research International, Vol. 30, No., pp. 659-668. 

Cano, A., M. A. Garcia-Perez and J. J. Tarin (2010). Isoflavones and cardiovascular disease. 

Maturitas, Vol. 67, No. 3, pp. 219-226. 

Carroll, K. K. and E. M. Kurowska (1995). Soy consumption and cholesterol reduction - 

Review of animal and human studies. Journal of Nutrition, Vol. 125, No. 3, pp. S594-

S597. 

Cederroth, C. R. and S. Nef (2009). Soy, phytoestrogens and metabolism: A review. Molecular 

and Cellular Endocrinology, Vol. 304, No. 1-2, pp. 30-42. 

Constantinou, A. and E. Huberman (1995). Genistein as an inducer of tumor-cell 

diferentiation - Possible mechanisms of action. Proceedings of the Society for 

Experimental Biology and Medicine, Vol. 208, No. 1, pp. 109-115. 

Coxam, V. (2008). Phyto-oestrogens and bone health. Proceedings of the Nutrition Society, Vol. 

67, No., pp. 184-195. 

Chang, C. Y., L. J. Huang, J. P. Wang, C. M. Teng, S. C. Chen and S. C. Kuo (2000). Synthesis 

and anti-platelet, anti-inflammatory and anti-allergic activities of 

methoxyisoflavanquinone and related compounds. Chemical & Pharmaceutical 

Bulletin, Vol. 48, No., pp. 964-973. 

Chang, W. W., C. Y. Yu, T. W. Lin, P. H. Wang and Y. C. Tsai (2006). Soyasaponin I 

decreases the expression of alpha 2,3-linked sialic acid on the cell surface and 

suppresses the metastatic potential of B16F10 melanoma cells. Biochemical and 

Biophysical Research Communications, Vol. 341, No. 2, pp. 614-619. 

Chen, J. R., S. C. Yang, K. Suetsuna and J. C. J. Chao (2004). Soybean protein-derived 

hydrolysate affects blood pressure in spontaneously hypertensive rats. Journal of 

Food Biochemistry, Vol. 28, No. 1, pp. 61-73. 

Chung, M. J., N.-J. Sung, C.-S. Park, D.-K. Kweon, A. Mantovani, T.-W. Moon, S.-J. Lee and 

K.-H. Park (2008). Antioxidative and hypocholesterolemic activities of water-

soluble puerarin glycosides in HepG2 cells and in C57 BL/6J mice. European Journal 

of Pharmacology, Vol. 578, No., pp. 159-170. 

Davis, D. D., E. S. Díaz-Cruz, S. Landini, Y.-W. Kim and R. W. Brueggemeier (2008). 

Evaluation of synthetic isoflavones on cell proliferation, estrogen receptor binding 

affinity, and apoptosis in human breast cancer cells. Journal of Steroid Biochemistry 

and Molecular Biology, Vol. 108, No., pp. 23-31. 

www.intechopen.com



 
Soybean and Nutrition 

 

302 

De Lumen, B. O. (2005). Lunasin: A cancer-preventive soy peptide. Nutrition Reviews, Vol. 

63, No. 1, pp. 16-21. 

De Mejia, E. G., M. Vasconez, B. O. De Lumen and R. Nelson (2004). Lunasin concentration 

in different soybean genotypes, commercial soy protein, and isoflavone products. 

Journal of Agricultural and Food Chemistry, Vol. 52, No. 19, pp. 5882-5887. 

Dia, V. P., M. A. Berhow and E. G. De Mejiat (2008). Bowman-Birk Inhibitor and Genistein 

among Soy Compounds That Synergistically Inhibit Nitric Oxide and 

Prostaglandin E-2 Pathways in Lipopolysaccharide-Induced Macrophages. Journal 

of Agricultural and Food Chemistry, Vol. 56, No. 24, pp. 11707-11717. 

Dijsselbloem, N., W. V. Berghe, A. D. Naeyer and G. Haegeman (2004). Soy isoflavone 

phyto-pharmaceuticals in interleukin-6 affections Multi-purpose nutraceuticals at 

the crossroad of hormone replacement, anti-cancer and anti-inflammatory therapy. 

Biochemical Pharmacology, Vol. 68, No., pp. 1171-1185. 

Dobrydneva, Y., R. L. Williams, G. Z. Morris and P. F. Blackmore (2002). Dietary 

phytoestrogens and their synthetic structural analogues as calcium channel 

blockers in human platelets. Journal of Cardiovascular Pharmacology, Vol. 40, No. 3, 

pp. 399-410. 

Dong, J. Y. and L. Q. Qin (2011). Soy isoflavones consumption and risk of breast cancer 

incidence or recurrence: a meta-analysis of prospective studies. Breast Cancer 

Research and Treatment, Vol. 125, No. 2, pp. 315-323. 

Ellington, A. A., M. Berhow and K. W. Singletary (2005). Induction of macroautophagy in 

human colon cancer cells by soybean B-group triterpenoid saponins. Carcinogenesis, 

Vol. 26, No. 1, pp. 159-167. 

Esteves, E. A., H. S. D. Martino, F. C. E. Oliveira, J. Bressan and N. M. B. Costa (2010). 

Chemical composition of a soybean cultivar lacking lipoxygenases (LOX2 and 

LOX3). Food Chemistry, Vol. 122, No. 1, pp. 238-242. 

Fang, E. F., J. H. Wong and T. B. Ng (2010). Thermostable Kunitz trypsin inhibitor with 

cytokine inducing, antitumor and HIV-1 reverse transcriptase inhibitory activities 

from Korean large black soybeans. Journal of Bioscience and Bioengineering, Vol. 109, 

No. 3, pp. 211-217. 

Fotsis, T., M. Pepper, H. Adlercreutz, T. Hase, R. Montesano and L. Schweigerer (1995). 

Genistein, a dietary ingested isoflavonoid, inhibits cell-proliferation and in-vitro 

angiogenesis. Journal of Nutrition, Vol. 125, No. 3, pp. S790-S797. 

Franke, A. A., J. H. Hankin, M. C. Yu, G. Maskarinec, S.-H. Low and L. J. Custer (1999). 

Isoflavone Levels in Soy Foods Consumed by Multiethnic Populations in Singapore 

and Hawaii. Journal of Agricultural and Food Chemistry, Vol. 47, No., pp. 977-986. 

Friedman, M. and D. L. Brandon (2001). Nutritional and health benefits of soy proteins. 

Journal of Agricultural and Food Chemistry, Vol. 49, No. 3, pp. 1069-1086. 

Funk, M. A. and D. H. Baker (1991). Effect of soy products on methotrexane toxicity in rats. 

Journal of Nutrition, Vol. 121, No. 10, pp. 1684-1692. 

García-Lafuente, A., E. Guillamón, A. Villares, M. A. Rostagno and J. A. Martínez (2009). 

Flavonoids as anti-inflammatory agents: implications in cancer and cardiovascular 

disease. Inflammation Research, Vol. 58, No. 9, pp. 537-552. 

www.intechopen.com



 
Soy and Soy-Based Foods: Role in Health and Nutrition 

 

303 

Garrido, A., M. P. De la Maza, S. Hirsch and L. Valladares (2006). Soy isoflavones affect 

platelet thromboxane A(2) receptor density but not plasma lipids in menopausal 

women. Maturitas, Vol. 54, No. 3, pp. 270-276. 

Genovese, M. I., J. Davila and F. M. Lajolo (2006). Isoflavones in Processed Soybean Products 

from Ecuador. Brazilian Archives of Biology and Technology, Vol. 49, No., pp. 853-859. 

Gottstein, N., B. A. Ewins, C. Eccleston, G. P. Hubbard, I. C. Kavanagh, A. M. Minihane, P. 

D. Weinberg and G. Rimbach (2003). Effect of genistein and daidzein on platelet 

aggregation and monocyte and endothelial function. British Journal of Nutrition, Vol. 

89, No. 5, pp. 607-615. 

Gouda, K. G. M., L. R. Gowda, A. G. A. Rao and V. Prakash (2006). Angiotensin I-converting 

enzyme inhibitory peptide derived from glycinin, the 11S globulin of soybean 

(Glycine max). Journal of Agricultural and Food Chemistry, Vol. 54, No. 13, pp. 4568-

4573. 

Graf, E. and J. W. Eaton (1990). Antioxidant Function of Phytic Acid. Free Radical Biology and 

Medicine, Vol. 8, No. 1, pp. 61-69. 

Grases, F., J. G. March, R. M. Prieto, B. M. Simonet, A. Costa-Bauza, A. Garcia-Raja and A. 

Conte (2000). Urinary phytate in calcium oxalate stone formers and healthy people 

- Dietary effects on phytate excretion. Scandinavian Journal of Urology and 

Nephrology, Vol. 34, No. 3, pp. 162-164. 

Grieshop, C. M. and G. C. Fahey (2001). Comparison of quality characteristics of soybeans 

from Brazil, China, and the United States. Journal of Agricultural and Food Chemistry, 

Vol. 49, No. 5, pp. 2669-2673. 

Grieshop, C. M., C. T. Kadzere, G. M. Clapper, E. A. Flickinger, L. L. Bauer, R. L. Frazier and 

G. C. Fahey (2003). Chemical and nutritional characteristics of United States 

soybeans and soybean meals. Journal of Agricultural and Food Chemistry, Vol. 51, No. 

26, pp. 7684-7691. 

Gu, C. M., H. B. Pan, Z. W. Sun and G. X. Qin (2010). Effect of Soybean Variety on Anti-

Nutritional Factors Content, and Growth Performance and Nutrients Metabolism 

in Rat. International Journal of Molecular Sciences, Vol. 11, No. 3, pp. 1048-1056. 

Guclu-Ustundag, O. and G. Mazza (2007). Saponins: Properties, applications and processing. 

Critical Reviews in Food Science and Nutrition, Vol. 47, No. 3, pp. 231-258. 

Hanson, L. N., H. M. Engelman, D. L. Alekel, K. L. Schalinske, M. L. Kohut and M. B. Reddy 

(2006). Effects of soy isoflavones and phytate on homocysteine, C-reactive protein, 

and iron status in postmenopausal women. American Journal of Clinical Nutrition, 

Vol. 84, No. 4, pp. 774-780. 

Hayashi, K., H. Hayashi, N. Hiraoka and Y. Ikeshiro (1997). Inhibitory activity of 

soyasaponin II on virus replication in vitro. Planta Medica, Vol. 63, No. 2, pp. 102-

105. 

Hendrie, H. C. (1998). Epidemiology of dementia and Alzheimer's disease. American Journal 

of Geriatric Psychiatry, Vol. 6, No. 2, pp. S3-S18. 

Henry-Vitrac, C., H. Berbille, J. M. Merillon and X. Vitrac (2010). Soy isoflavones as potential 

inhibitors of Alzheimer beta-amyloid fibril aggregation in vitro. Food Research 

International, Vol. 43, No. 8, pp. 2176-2178. 

www.intechopen.com



 
Soybean and Nutrition 

 

304 

Hirano, T., M. Gotoh and K. Oka (1994). Natural flavonoids and lignans are potent cytostatic 

agents against human HL-60 cells. Life Sciences, Vol. 55, No. 13, pp. 1061-1069. 

Hooshmand, S., S. Juma and B. H. Arjmandi (2010). Combination of Genistin and 

Fructooligosaccharides Prevents Bone Loss in Ovarian Hormone Deficiency. Journal 

of Medicinal Food, Vol. 13, No. 2, pp. 320-325. 

Hsieh, C. C., B. Hernandez-Ledesma, H. J. Jeong, J. H. Park and B. O. de Lumen (2010). 

Complementary Roles in Cancer Prevention: Protease Inhibitor Makes the Cancer 

Preventive Peptide Lunasin Bioavailable. Plos One, Vol. 5, No. 1, pp. 

Hsieh, H. M., W. M. Wu and M. L. Hu (2009). Soy isoflavones attenuate oxidative stress and 

improve parameters related to aging and Alzheimer's disease in C57BL/6J mice 

treated with D-galactose. Food and Chemical Toxicology, Vol. 47, No. 3, pp. 625-632. 

Hubert, J., M. Berger and J. Dayde (2005). Use of a simplified HPLC-UV analysis for 

soyasaponin B determination: Study of saponin and isoflavone variability in 

soybean cultivars and soy-based health food products. Journal of Agricultural and 

Food Chemistry, Vol. 53, No. 10, pp. 3923-3930. 

Hymowitz, T. and J. R. Harlan (1983). Introduction of soybean to North-America by Bowen, 

Samuel in 1765. Economic Botany, Vol. 37, No. 4, pp. 371-379. 

Ibrahim, W. H., H. M. Habib, C. K. Chow and G. G. Bruckner (2008). Isoflavone-Rich Soy 

Isolate Reduces Lipid Peroxidation in Mouse Liver. International Journal for Vitamin 

and Nutrition Research, Vol. 78, No. 4-5, pp. 217-222. 

Ishimi, Y. (2009). Soybean Isoflavones in Bone Health. Food Factors for Health Promotion. 

61: 104-116. 

Jackman, K. A., O. L. Woodman and C. G. Sobey (2007). Isoflavones, equol and 

cardiovascular disease: Pharmacological and therapeutic insights. Current Medicinal 

Chemistry, Vol. 14, No., pp. 2824-2830. 

Jayagopal, V., P. Albertazzi, E. S. Kilpatrick, E. M. Howarth, P. E. Jennings, D. A. Hepburn 

and S. L. Atkin (2002). Beneficial effects of soy phytoestrogen intake in 

postmenopausal women with type 2 diabetes. Diabetes Care, Vol. 25, No. 10, pp. 

1709-1714. 

Jenab, M. and L. U. Thompson (1998). The influence of phytic acid in wheat bran on early 

biomarkers of colon carcinogenesis. Carcinogenesis, Vol. 19, No. 6, pp. 1087-1092. 

Jenab, M. and L. U. Thompson (2000). Phytic acid in wheat bran affects colon morphology, 

cell differentiation and apoptosis. Carcinogenesis, Vol. 21, No. 8, pp. 1547-1552. 

Jenkins, D. J. A., A. Mirrahimi, K. Srichaikul, C. E. Berryman, L. Wang, A. Carleton, S. 

Abdulnour, J. L. Sievenpiper, C. W. C. Kendall and P. M. Kris-Etherton (2010). Soy 

Protein Reduces Serum Cholesterol by Both Intrinsic and Food Displacement 

Mechanisms. Journal of Nutrition, Vol. 140, No. 12, pp. 2302S-2311S. 

Jeon, B. J., J. Ahn and H. S. Kwak (2009). Effect of Isoflavone-Enriched Milk on Bone Mass in 

Ovariectomized Rats. Journal of Medicinal Food, Vol. 12, No. 6, pp. 1260-1267. 

Jurkowska, G., G. Grondin, S. Masse and J. Morisset (1992). Soybeab trypsin-inhibitor and 

cerulein accelerate recovery of cerulein-induced pancreatitis in rats. 

Gastroenterology, Vol. 102, No. 2, pp. 550-562. 

www.intechopen.com



 
Soy and Soy-Based Foods: Role in Health and Nutrition 

 

305 

Kang, X. M., Q. Y. Zhang, S. H. Wang, X. Huang and S. Jin (2010). Effect of soy isoflavones 

on breast cancer recurrence and death for patients receiving adjuvant endocrine 

therapy. Canadian Medical Association Journal, Vol. 182, No. 17, pp. 1857-1862. 

Kao, T. H. and B. H. Chen (2006). Functional Components in Soybean Cake and Their Effects 

on Antioxidant Activity. Journal of Agricultural and Food Chemistry, Vol. 54, No., pp. 

7544-7555. 

Kao, T. H., R.-F. S. Huang and B. H. Chen (2007). Antiproliferation of Hepatoma Cell and 

Progression of Cell Cycle as Affected by Isoflavone Extracts from Soybean Cake. 

International Journal of Molecular Sciences, Vol. 8, No., pp. 1095-1110. 

Kasim, N. S., S. Gunawan, M. Yuliana and Y. H. Ju (2010). A Simple Two-Step Method for 

Simultaneous Isolation of Tocopherols and Free Phytosterols from Soybean Oil 

Deodorizer Distillate with High Purity and Recovery. Separation Science and 

Technology, Vol. 45, No. 16, pp. 2437-2446. 

Kensil, C. R., A. X. Y. Mo and A. Truneh (2004). Current vaccine adjuvants: An overview of a 

diverse class. Frontiers in Bioscience, Vol. 9, No., pp. 2972-2988. 

Khetarpaul, N., R. B. Grewal, R. Goyal and R. Garg (2004). Development of partially 

defatted soy flour and dhal. Food Chemistry, Vol. 87, No., pp. 355-359. 

Kim, H. Y., R. Yu, J. S. Kim, Y. K. Kim and M. K. Sung (2004). Antiproliferative crude soy 

saponin extract modulates the expression of I kappa B alpha, protein kinase C, and 

cyclooxygenase-2 in human colon cancer cells. Cancer Letters, Vol. 210, No. 1, pp. 1-

6. 

Kim, J., M. Kang, J. S. Lee, M. Inoue, S. Sasazuki and S. Tsugane (2011). Fermented and non-

fermented soy food consumption and gastric cancer in Japanese and Korean 

populations: A meta-analysis of observational studies. Cancer Science, Vol. 102, No. 

1, pp. 231-244. 

Kim, J. J., S. H. Kim, S. J. Hahn and I. M. Chung (2005). Changing soybean isoflavone 

composition and concentrations under two different storage conditions over three 

years. Food Research International, Vol. 38, No., pp. 435-444. 

Kinjo, J., T. Hirakawa, R. Tsuchihashi, T. Nagao, M. Okawa, T. Nohara and H. Okabe (2003). 

Hepatoprotective constituents in plants 14. Effects of soyasapogenol B, sophoradiol, 

and their glucuronides on the cytotoxicity of tert-butyl hydroperoxide to HepG2 

cells. Biological & Pharmaceutical Bulletin, Vol. 26, No. 9, pp. 1357-1360. 

Kinjo, J., M. Imagire, M. Udayama, T. Arao and T. Nohara (1998). Studies on the 

hepatoprotective drugs part 3 - Studies on the constituents of the leguminous 

plants part 56 - Structure-hepatoprotective relationships study of soyasaponins I-IV 

having soyasapogenol B as aglycone. Planta Medica, Vol. 64, No. 3, pp. 233-236. 

Kobayashi, H., M. Suzuki, N. Kanayama and T. Terao (2004). A soybean Kunitz trypsin 

inhibitor suppresses ovarian cancer cell invasion by blocking urokinase 

upregulation. Clinical & Experimental Metastasis, Vol. 21, No. 2, pp. 159-166. 

Koratkar, R. and A. V. Rao (1997). Effect of soya bean saponins on azoxymethane-induced 

preneoplastic lesions in the colon of mice. Nutrition and Cancer-an International 

Journal, Vol. 27, No. 2, pp. 206-209. 

Kucuk, O. (2010). Soy Isoflavones in Prostate Cancer Treatment. Drug Metabolism Reviews, 

Vol. 42, No., pp. 24-24. 

www.intechopen.com



 
Soybean and Nutrition 

 

306 

Kurzer, M. S. and X. Xu (1997). Dietary phytoestrogens. Annual Review of Nutrition, Vol. 17, 

No., pp. 353-381. 

Kyle, E., L. Neckers, C. Takimoto, G. Curt and R. Bergan (1997). Genistein-induced 

apoptosis of prostate cancer cells is preceded by a specific decrease in focal 

adhesion kinase activity. Molecular Pharmacology, Vol. 51, No. 2, pp. 193-200. 

Lagari, V. S. and S. Levis (2010). Phytoestrogens and bone health. Current Opinion in 

Endocrinology Diabetes and Obesity, Vol. 17, No. 6, pp. 546-553. 

Lee, I. A., Y. J. Park, H. K. Yeo, M. J. Han and D. H. Kim (2010). Soyasaponin I Attenuates 

TNBS-Induced Colitis in Mice by Inhibiting NF-kappa B Pathway. Journal of 

Agricultural and Food Chemistry, Vol. 58, No. 20, pp. 10929-10934. 

Lee, S. H., H. J. Park, H. K. Chun, S. Y. Cho, S. M. Cho and H. S. Lillehoj (2006). Dietary 

phytic acid lowers the blood glucose level in diabetic KK mice. Nutrition Research, 

Vol. 26, No. 9, pp. 474-479. 

Lee, S. H., H. J. Park, H. K. Chun, S. Y. Cho, H. J. Jung, S. M. Cho, D. Y. Kim, M. S. Kang and 

H. S. Lillehoj (2007). Dietary phytic acid improves serum and hepatic lipid levels in 

aged ICR mice fed a high-cholesterol diet. Nutrition Research, Vol. 27, No. 8, pp. 505-

510. 

Li, H. Y., H. C. Liu, Y. P. Han, X. X. Wu, W. L. Teng, G. F. Liu and W. B. Li (2010). 

Identification of QTL underlying vitamin E contents in soybean seed among 

multiple environments. Theoretical and Applied Genetics, Vol. 120, No. 7, pp. 1405-

1413. 

Lopez-Gonzalez, A. A., F. Grases, P. Roca, B. Mari, M. T. Vicente-Herrero and A. Costa-

Bauza (2008). Phytate (myo-Inositol Hexaphosphate) and Risk Factors for 

Osteoporosis. Journal of Medicinal Food, Vol. 11, No. 4, pp. 747-752. 

Ma, D. F., L. Q. Qin, P. Y. Wang and R. Katoh (2008). Soy isoflavone intake increases bone 

mineral density in the spine of menopausal women: Meta-analysis of randomized 

controlled trials. Clinical Nutrition, Vol. 27, No. 1, pp. 57-64. 

Ma, Y. T. and T. Wang (2010). Deactivation of Soybean Agglutinin by Enzymatic and Other 

Physical Treatments. Journal of Agricultural and Food Chemistry, Vol. 58, No. 21, pp. 

11413-11419. 

Mackey, R., A. Ekangaki and J. A. Eden (2000). The effects of soy protein in women and men 

with elevated plasma lipids. Biofactors, Vol. 12, No. 1-4, pp. 251-257. 

Machado, F. P. P., J. H. Queiroz, M. G. A. Oliveira, N. D. Piovesan, M. C. G. Peluzio, N. M. 

B. Costa and M. A. Moreira (2008). Effects of heating on protein quality of soybean 

flour devoid of Kunitz inhibitor and lectin. Food Chemistry, Vol. 107, No. 2, pp. 649-

655. 

Matsui, T., X. L. Zhu, K. Shiraishi, T. Ueki, Y. Noda and K. Matsumoto (2010). 

Antihypertensive Effect of Salt-Free Soy Sauce, a New Fermented Seasoning, in 

Spontaneously Hypertensive Rats. Journal of Food Science, Vol. 75, No. 4, pp. H129-

H134. 

Mensink, R. P., A. Aro, E. Den Hond, J. B. German, B. A. Griffin, H. U. ter Meer, M. 

Mutanen, D. Pannemans and W. Stahl (2003). PASSCLAIM - Diet-related 

cardiovascular disease. European Journal of Nutrition, Vol. 42, No., pp. 6-27. 

www.intechopen.com



 
Soy and Soy-Based Foods: Role in Health and Nutrition 

 

307 

Messina, M. J., V. Persky, K. D. R. Setchell and S. Barnes (1994). Soy intake and cancer risk - 

A review of the in-vitro and in-vivo data. Nutrition and Cancer-An International 

Journal, Vol. 21, No. 2, pp. 113-131. 

Muñoz, Y., A. Garrido and L. Valladares (2009). Equol is more active than soy isoflavone 

itself to compete for binding to thromboxane A(2) receptor in human platelets. 

Thrombosis Research, Vol. 123, No. 5, pp. 740-744. 

Nagaoka, S., K. Miwa, M. Eto, Y. Kuzuya, G. Hori and K. Yamamoto (1999). Soy protein 

peptic hydrolysate with bound phospholipids decreases micellar solubility and 

cholesterol absorption in rats and Caco-2 cells. Journal of Nutrition, Vol. 129, No. 9, 

pp. 1725-1730. 

Nagata, C. (2000). Ecological study of the association between soy product intake and 

mortality from cancer and heart disease in Japan. International Journal of 

Epidemiology, Vol. 29, No. 5, pp. 832-836. 

Nakashima, H., K. Okubo, Y. Honda, T. Tamura, S. Matsuda and N. Yamamoto (1989). 

Inhibitory effect of glycosides like saponin from soybean on the infectivity of HIV 

in vitro. Aids, Vol. 3, No. 10, pp. 655-658. 

Navarro-Nuñez, L., J. Rivera, J. A. Guerrero, C. Martinez, V. Vicente and M. L. Lozano 

(2009). Differential effects of quercetin, apigenin and genistein on signalling 

pathways of protease-activated receptors PAR(1) and PAR(4) in platelets. British 

Journal of Pharmacology, Vol. 158, No. 6, pp. 1548-1556. 

Oakenfull, D. and G. S. Sidhu (1990). Could saponins be a useful treatment for 

hypercholesterolemia. European Journal of Clinical Nutrition, Vol. 44, No. 1, pp. 79-88. 

Odani, S. and T. Ikenaka (1972). Studies on soybean trysin-inhibitors 4. Complete amino 

acid sequence and anti-proteinase sites of Bowman-Birk soybean proteinase 

inhibitor. Journal of Biochemistry, Vol. 71, No. 5, pp. 839-&. 

Okamoto, Y., A. Suzuki, K. Ueda, C. Ito, M. Itoigawa, H. Furukawa, T. Nishihara and N. 

Kojima (2006). Anti-Estrogenic Activity of Prenylated Isoflavones from Millettia 

pachycarpa: Implications for Pharmacophores and Unique Mechanisms. Journal of 

Health Science, Vol. 52, No., pp. 186-191. 

Papazisis, K. T., T. G. Kalemi, D. Zambouli, G. D. Geromichalos, A. F. Lambropoulos, A. 

Kotsis, L. L. Boutis and A. H. Kortsaris (2006). Synergistic effects of protein tyrosine 

kinase inhibitor genistein with camptothecins against three cell lines in vitro. Cancer 

Letters, Vol. 233, No., pp. 255-264. 

Park, J.-S., M.-S. Woo, D.-H. Kim, J.-W. Hyun, W.-K. Kim, J.-C. Lee and H.-S. Kim (2007). 

Anti-Inflammatory Mechanisms of Isoflavone Metabolites in Lipopolysaccharide-

Stimulated Microglial Cells. Journal of Pharmacology and Experimental Therapeutics, 

Vol. 320, No., pp. 1237-1245. 

Paucar-Menacho, L. M., J. Amaya-Farfan, M. A. Berhow, J. M. G. Mandarino, E. G. de Mejia 

and Y. K. Chang (2010). A high-protein soybean cultivar contains lower isoflavones 

and saponins but higher minerals and bioactive peptides than a low-protein 

cultivar. Food Chemistry, Vol. 120, No. 1, pp. 15-21. 

Phrakonkham, P., J. Chevalier, C. Desmetz, M.-F. Pinnert, R. Bergès, E. Jover, M.-J. Davicco, 

C. Bennetau-Pelissero, V. Coxam, Y. Artur and M.-C. Canivenc-Lavier (2007). 

Isoflavonoid-based bone-sparing treatments exert a low activity on reproductive 

www.intechopen.com



 
Soybean and Nutrition 

 

308 

organs and on hepatic metabolism of estradiol in ovariectomized rats. Toxicology 

and Applied Pharmacology, Vol. 224, No., pp. 105-115. 

Pilsakova, L., I. Riecansky and F. Jagla (2010). The Physiological Actions of Isoflavone 

Phytoestrogens. Physiological Research, Vol. 59, No. 5, pp. 651-664. 

Potter, S. M. (1995). Overview of Proposed Mechanisms for the Hypocholesterolemic Effect 

of Soy. Journal of Nutrition, Vol. 125, No. 3, pp. S606-S611. 

Rao, A. V. and M. K. Sung (1995). Saponins as anticarcinogens. Journal of Nutrition, Vol. 125, 

No. 3, pp. S717-S724. 

Redondo-Cuenca, A., M. J. Villanueva-Suarez, M. D. Rodriguez-Sevilla and I. Mateos-

Aparicio (2006). Chemical composition and dietary fibre of yellow and green 

commercial soybeans (Glycine max). Food Chemistry, Vol. 101, No. 3, pp. 1216-1222. 

Ricci, E., S. Cipriani, F. Chiaffarino, M. Malvezzi and F. Parazzini (2010). Soy Isoflavones 

and Bone Mineral Density in Perimenopausal and Postmenopausal Western 

Women: A Systematic Review and Meta-Analysis of Randomized Controlled 

Trials. Journal of Womens Health, Vol. 19, No. 9, pp. 1609-1617. 

Rimbach, G. and J. Pallauf (1998). Phytic acid inhibits free radical formation in vitro but does 

not affect liver oxidant or antioxidant status in growing rats. Journal of Nutrition, 

Vol. 128, No. 11, pp. 1950-1955. 

Rizzi, C., L. Galeoto, G. Zoccatelli, S. Vincenzi, R. Chignola and A. D. B. Peruffo (2003). 

Active soybean lectin in foods: quantitative determination by ELISA using 

immobilised asialofetuin. Food Research International, Vol. 36, No. 8, pp. 815-821. 

Rosano, G. M. C., C. Vitale, G. Marazzi and M. Volterrani (2007). Menopause and 

cardiovascular disease: the evidence. Climacteric, Vol. 10, No., pp. 19-24. 

Sarkar, F. H. and Y. Li (2003). Soy Isoflavones and Cancer Prevention. Cancer Investigation, 

Vol. 21, No. 5, pp. 744-757. 

Schlemmer, U., W. Frolich, R. M. Prieto and F. Grases (2009). Phytate in foods and 

significance for humans: Food sources, intake, processing, bioavailability, 

protective role and analysis. Molecular Nutrition & Food Research, Vol. 53, No., pp. 

S330-S375. 

Setchell, K. D. R. (2001). Soy isoflavones - Benefits and risks from nature's selective estrogen 

receptor modulators (SERMs). Journal of the American College of Nutrition, Vol. 20, 

No. 5, pp. 354S-362S. 

Severson, R. K., A. M. Y. Nomura, J. S. Grove and G. N. Stemmermann (1989). A 

prospective-study of demographics, diet, and prostate-cancer among men of 

japanese ancestry in Hawaii. Cancer Research, Vol. 49, No. 7, pp. 1857-1860. 

Shamsuddin, A. M. (2002). Anti-cancer function of phytic acid. International Journal of Food 

Science and Technology, Vol. 37, No. 7, pp. 769-782. 

Shiraiwa, M., K. Harada and K. Okubo (1991). Composition and content of saponins in 

soybean seed according to variety, cultivation year and maturity. Agricultural and 

Biological Chemistry, Vol. 55, No. 2, pp. 323-331. 

Singh, R. P. and R. Agarwal (2005). Prostate cancer and inositol hexaphosphate: Efficacy and 

mechanisms. Anticancer Research, Vol. 25, No. 4, pp. 2891-2903. 

Taku, K., N. Lin, D. L. Cai, J. W. Hu, X. H. Zhao, Y. M. Zhang, P. Y. Wang, M. K. Melby, L. 

Hooper, M. S. Kurzer, S. Mizuno, Y. Ishimi and S. Watanabe (2010). Effects of soy 

www.intechopen.com



 
Soy and Soy-Based Foods: Role in Health and Nutrition 

 

309 

isoflavone extract supplements on blood pressure in adult humans: systematic 

review and meta-analysis of randomized placebo-controlled trials. Journal of 

Hypertension, Vol. 28, No. 10, pp. 1971-1982. 

Taku, K., M. K. Melby, J. Takebayashi, S. Mizuno, Y. Ishimi, T. Omori and S. Watanabe 

(2010). Effect of soy isoflavone extract supplements on bone mineral density in 

menopausal women: meta-analysis of randomized controlled trials. Asia Pacific 

Journal of Clinical Nutrition, Vol. 19, No. 1, pp. 33-42. 

Tsai, C. Y., Y. H. Chen, Y. W. Chien, W. H. Huang and S. H. Lin (2010). Effect of soy saponin 

on the growth of human colon cancer cells. World Journal of Gastroenterology, Vol. 16, 

No. 27, pp. 3371-3376. 

Tsukamoto, C., S. Shimada, K. Igita, S. Kudou, M. Kokubun, K. Okubo and K. Kitamura 

(1995). Factors Affecting Isoflavone Content in Soybean Seeds: Changes in 

Isoflavones, Saponins, and Composition of Fatty Acids at Different Temperatures 

during Seed Development. Journal of Agricultural and Food Chemistry, Vol. 43, No. 5, 

pp. 1184-1192. 

Umphress, S. T., S. P. Murphy, A. A. Franke, L. J. Custer and C. L. Blitz (2005). Isoflavone 

content of foods with soy additives. Journal of Food Composition and Analysis, Vol. 18, 

No., pp. 533-550. 

Vieira, C. R., L. C. Cabral and A. C. O. De Paula (1999). Proximate composition and amino 

acid, fatty acid and mineral contents of six soybean cultivars for human 

consumption. Pesquisa Agropecuaria Brasileira, Vol. 34, No. 7, pp. 1277-1283. 

Villares, A., M. A. Rostagno, A. García - Lafuente, E. Guillamon and J. A. Martínez (2011). 

Content and Profile of Isoflavones in Soy-Based Foods as a Function of the 

Production Process. Food and Bioprocess Technology, Vol. 4, No. 1, pp. 27-38. 

Vina, J. and A. Lloret (2010). Why Women Have More Alzheimer's Disease Than Men: 

Gender and Mitochondrial Toxicity of Amyloid-beta Peptide. Journal of Alzheimers 

Disease, Vol. 20, No., pp. S527-S533. 

Vlietinck, A. J., T. De Bruyne, S. Apers and L. A. Pieters (1998). Plant-derived leading 

compounds for chemotherapy of human immunodeficiency virus (HIV) infection. 

Planta Medica, Vol. 64, No. 2, pp. 97-109. 

Vucenik, I. and A. M. Shamsuddin (2003). Cancer inhibition by inositol hexaphosphate (IP6) 

and inositol: From laboratory to clinic. Journal of Nutrition, Vol. 133, No. 11, pp. 

3778S-3784S. 

Vucenik, I. and A. M. Shamsuddin (2004). IP-6 and Inositol against Breast Cancer: 

Modulation of PKC delta and p27(Kip1). Anticancer Research, Vol. 24, No. 5D, pp. 

539. 

Vucenik, I. and A. M. Shamsuddin (2006). Protection against cancer by dietary IP6 and 

inositol. Nutrition and Cancer, Vol. 55, No. 2, pp. 109-125. 

Wang, C. F. and M. S. Kurzer (1997). Phytoestrogen concentration determines effects on 

DNA synthesis in human breast cancer cells. Nutrition and Cancer-an International 

Journal, Vol. 28, No. 3, pp. 236-247. 

Wang, H.-J. and P. A. Murphy (1996). Mass Balance Study of Isoflavones during Soybean 

Processing. Journal of Agricultural and Food Chemistry, Vol. 44, No., pp. 2377-2383. 

www.intechopen.com



 
Soybean and Nutrition 

 

310 

Wolf, W. J. (1970). Soybeans proteins - Their functional, chemical, and physical properties. 

Journal of Agricultural and Food Chemistry, Vol. 18, No. 6, pp. 969-&. 

Xu, Q., A. G. Kanthasamy and M. U. B. Reddy (2008). Neuroprotective effect of the natural 

iron chelator, phytic acid in a cell culture model of Parkinson's disease. Toxicology, 

Vol. 245, No. 1-2, pp. 101-108. 

Yuan, S. H. and S. K. C. Chang (2007). Selected odor compounds in soymilk as affected by 

chemical composition and lipoxygenases in five soybean materials. Journal of 

Agricultural and Food Chemistry, Vol. 55, No. 2, pp. 426-431. 

Zhang, E. J., K. M. Ng and K. Q. Luo (2007). Extraction and purification of isoflavones from 

soybeans and characterization of their estrogenic activities. Journal of Agricultural 

and Food Chemistry, Vol. 55, No. 17, pp. 6940-6950. 

Zhang, W. and D. G. Popovich (2010). Group B Oleanane Triterpenoid Extract Containing 

Soyasaponins I and III from Soy Flour Induces Apoptosis in Hep-G2 Cells. Journal 

of Agricultural and Food Chemistry, Vol. 58, No. 9, pp. 5315-5319. 

Zhang, X. L., X. O. Shu, Y. T. Gao, G. Yang, Q. Li, H. L. Li, F. Jin and W. Zheng (2003). Soy 

food consumption is associated with lower risk of coronary heart disease in 

Chinese women. Journal of Nutrition, Vol. 133, No. 9, pp. 2874-2878. 

www.intechopen.com



Soybean and Nutrition

Edited by Prof. Hany El-Shemy

ISBN 978-953-307-536-5

Hard cover, 476 pages

Publisher InTech

Published online 12, September, 2011

Published in print edition September, 2011

InTech Europe

University Campus STeP Ri 

Slavka Krautzeka 83/A 

51000 Rijeka, Croatia 

Phone: +385 (51) 770 447 

Fax: +385 (51) 686 166

www.intechopen.com

InTech China

Unit 405, Office Block, Hotel Equatorial Shanghai 

No.65, Yan An Road (West), Shanghai, 200040, China 

Phone: +86-21-62489820 

Fax: +86-21-62489821

Worldwide, soybean seed proteins represent a major source of amino acids for human and animal nutrition.

Soybean seeds are an important and economical source of protein in the diet of many developed and

developing countries. Soy is a complete protein and soy-foods are rich in vitamins and minerals. Soybean

protein provides all the essential amino acids in the amounts needed for human health. Recent research

suggests that soy may also lower risk of prostate, colon and breast cancers as well as osteoporosis and other

bone health problems and alleviate hot flashes associated with menopause. This volume is expected to be

useful for student, researchers and public who are interested in soybean.

How to reference

In order to correctly reference this scholarly work, feel free to copy and paste the following:

Ana Villares, Ana García-Lafuente, Irene Palacios, Miguel Lozano, Carlos Moro and Eva Guillamo ́n (2011).

Soy and Soy-Based Foods: Role in Health and Nutrition, Soybean and Nutrition, Prof. Hany El-Shemy (Ed.),

ISBN: 978-953-307-536-5, InTech, Available from: http://www.intechopen.com/books/soybean-and-

nutrition/soy-and-soy-based-foods-role-in-health-and-nutrition



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed

under the terms of the Creative Commons Attribution-NonCommercial-

ShareAlike-3.0 License, which permits use, distribution and reproduction for

non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same

license.


