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The rise of soyfoods

The soybean, once considered “the poor man’s meat” because of perceived poor protein
quality at that time, has had a spectacular rise in popularity as a food source in Western
countries and over recent years soyfoods have been in the vanguard of the emerging
“Functional Foods” market (1).

In the United States sales of soy products have increased in value from less than $US 1b in
1992 to approximately $US 2.29b in 1999 and $US 2.77b in 2000 (2). US sales were
projected to further increase to $US 3.7b in 2002 (2). In the US, more than 300 new soy-based
food and beverage products were launched in 1999 alone (3). In Australia the soymilk and
soy-based drink market, which is a major segment, increased 60% in value from $A 75.0m in
1996 to $A 120.0m in 1999, before declining slightly in 2000 (4). In 1999 almost a quarter of
adult male and female respondents to a survey in Australia reported consumption of a soyfood
at least once weekly or more frequently (G Russell personal communication). Similar figures
have been reported in the US (5).

Drivers of market growth

The strong growth in the soyfood market in the West outlined above has had a number of
drivers, and these are briefly discussed below.

Technological innovations and “Westernisation” of soyfoods

Traditional soyfoods include soymilk, tofu, miso, natto and tempeh, the last three being
fermented foods generally unattractive to Western tastes. Traditional soymilks made from
whole beans have a strong “beany taste”, which is a positive attribute in some Asian
countries, but generally negative in the West. Reduction of beany taste by, for example, the
use of refined ingredients such as isolated soy protein, or by the use of proprietary taste
masking or neutralising agents (3) has made soymilks much more acceptable to Western
palates. New manufacturing processes and new soy ingredients have been developed to
enable the manufacture of a broader range of products acceptable in the West, such as soy
cheeses, soy yoghurts, soy breakfast cereals (3) and soy breads (in which Australia led the
world (6)). New processes have also allowed the production of a large range of meat
alternatives more acceptable to the consumer. New soybean varieties with specific nutritional
characteristics (eg high oleic acid, low saturated fat, low stachyose, low lipoxygenase) and
new applications have also been or are being developed (7).



Incorporation of soyfoods into the product ranges of major food companies

The incorporation of soyfoods into the product ranges of large food companies has enabled
major mass media marketing campaigns and increased consumer awareness as well as greater
exposure in major supermarket chains. These product categories were mentioned above and
include breakfast cereals, soy breads and diary and meat substitutes. Linked to this has been
the formation of a number of strategic alliances. For example, between Kraft Foods and Boca
Burger which manufactures and markets soy-based meat alternatives in the US and between
Dean Foods, a major US dairy company, and Silk a major soymilk manufacturer (3). In
Australia, National Foods formed a joint venture with the Hong Kong company Vitasoy to
manufacture soymilk in Australia (8). In the UK, Protein Technologies International, a major
world soy protein company, has formed a joint venture with the Australian company
Sanitarium aimed at building the European soymilk market (8). (9)

Consumer awareness of possible soy-health links

Another driver for market growth has been public interest in possible health benefits
associated with consumption of soyfoods. Consumer surveys conducted for the US United
Soybean Board report that the fraction of consumers who perceived soy and soy products as
being healthy increased from 59% in 1997 to 69% in 2001 (5). Acceptance of a soy-health
link was boosted in 1999 by approval by the USFDA of a health claim relating soy protein
consumption to reduced risk of heart disease (10), and in 2002 UK authorities approved a
similar claim (11). In a similar vein, in 2000 the US Department of Agriculture, which had
previously limited substitution of animal proteins by vegetable proteins (including soy) in the
US Federal School Lunch Program to 30%, issued a ruling allowing their complete
replacement and signalling recognition that soy protein was no longer considered a poor
quality protein (12). To this extent, soy has moved from being considered merely a poor
man’s meat to be considered a true functional food. Whilst health claims are not yet permitted
in Australia, soyfood manufacturers and ingredient suppliers have leveraged from the US
claim to promote their products.

Research of health benefits

As indicated above, research into links between soy consumption and disease prevention has
underpinned much of the promotion of soyfoods to the public. Scientific research was critical
to the acceptance of the US and UK health claims. Over the last decade there has been an
explosion of research into the role of soyfoods in human health. This research has focussed on
a number of diseases and conditions (for reviews see (12-15), including cardiovascular
disease; various cancers, most notably breast cancer and, more recently, prostate cancer,
osteoporosis, and menopausal symptoms. The roles of a number of soy components that may
contribute to possible health benefits have been studied and these include protein, saponins,
phytosterols, fibre, phytate, protease inhibitors, oligosaccharides and isoflavones, but by far
most studied in the last 1-2 decades have been the isoflavones. Some of the major areas of this
soy and isoflavone research are summarised below.

Soy as a potent source of isoflavones and the nature of soy isoflavones

In attempting to understand the effects of soyfoods and soy isoflavones on human health it is
important to understand factors affecting the content and nature of isoflavones in soybeans
and soyfoods, and this understanding has increased substantially in recent years.



Soy isoflavones

Soybeans and soyfoods can contain up to twelve major isoflavone “species” belonging to
three families — daidzein and its three glucoside conjugates, genistein and its three glucoside
conjugates, and glycitein and its glucoside conjugates (16). The structures of these twelve
species are shown in Figure 1. Glycitein and its glucosides are present in soybeans at much
lower concentrations than the daidzein and genistein families (17), but they are present in
very high concentrations in the hypocotyl (or “soy germ”) (18,19) commercial soy hypocotyl
preparations are now used to boost the isoflavone content of foods (20).
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Figure 1. Chemical structures of the twelve soy isoflavones

Isoflavone content of soyfoods

Although most legumes contain isoflavones, soybeans are a uniquely rich dietary source, with
levels some two orders of magnitude higher than those found in other commonly consumed
legumes such as peas (pisum sativum) and other beans (21). Concentrations of isoflavones in
soybeans depend upon the cultivar of soybean and the environmental conditions under which
it is grown, but they are usually in the range 0.5-2 mg/g (16,21). Green soybeans (also called
vegetable soybeans or edamame) consumed in some Asian countries (although not much in
the West (22)) also contain significant levels of isoflavones but less than those of mature
beans (23).

Effect of processing on the content and nature of isoflavones

There is a huge range of soy products, both traditional and non-traditional, on the market
today and these have been subjected to various manufacturing processes. These processes
include fermentation (eg. miso, natto and tempeh), crushing and extraction with water
(soymilk made from whole beans), precipitation (tofu) and extrusion (eg. textured vegetable
protein). Heat is also often involved. A number of studies have examined the effects of these
various manufacturing processes on the content and forms of isoflavones in processed
soyfoods (23-27). In soybeans and non-fermented soy products, isoflavones are present



almost entirely in the glucosidic conjugate forms (16) (Fig 1). Fermentation converts a high
proportion of these glucosides to the “aglycone” (ie. “without sugar”) forms, that is genistein,
daidzein and glycitein, whilst non-fermented foods, such as soymilk and tofu, contain mainly
the nine glucosides (16,16). Moist heat tends to convert the malonyl forms to acetyl- and
simple glucoside forms, but, importantly, there is no major destruction of the core aglucone
structures (16,23-30). Extrusion, which involves substantial pressures, shear forces and heat,
may result in some losses, but again these do not appear to be major (28,29,29,30).
Substantial proportions of isoflavones can be lost in processes involving aqueous solutions in
which the aqueous phase is mostly discarded or lost, such as in the preparation of tofu (25-
27). Losses can also potentially occur during the manufacture of soy protein concentrates and
soy isolates (17,26) although proprietary processes have now been developed to largely
overcome this (see for example (31)).

The typical content of isoflavones in some soyfoods on the Australian market are summarised
in the table below. In addition, a number of databases of the isoflavone content of various soy
foods have been published and an extensive one is available on the internet at
http://www.nal.usda.gov/fnic/foodcomp/Data/isoflav/isoflav.html. Not surprisingly, the
content of isoflavones per unit weight and the content per serving of different soyfoods differ
over a wide range.

Isoflavone  Approx. mg

content isoflavones
Soy food category (mg/100g)  per serve
Soybeans - dry 123-305 25-60
Soy flour 183-276 35-55
Textured vegetable protein 142-245 35-60
Soy grits 166 35
Soybeans - canned 80 40
Tofu 11-30 5-15
Soy & linseed bread 9-19 5-10
Soymilk 6-24 10-50
Soy sauce 0.2-1.2 Trace-0.1

An important point to note is that the values in the table are expressed as
so-called ‘aglycone’ units (the term ‘aglycone’ means ‘without sugar’). In
most soy foods the isoflavones are present joined, or ‘conjugated’, to a
sugar molecule. This means that for every milligram of isoflavone in the
form joined to a sugar only about one half of this is the ‘active ingredient’ —
the aglycone. Foods labelled with isoflavone content may be expressed in
either way.

Absorption and metabolism of isoflavones

It is beyond the scope of this paper to summarise our present understanding of this topic in
detail. It has however been reviewed extensively recently (32) and the reader is referred to
that review and references therein for detailed information. Briefly however, the major points
are, 1) absorption of isoflavones from the gastrointestinal tract occurs predominantly from the
large bowel, although limited absorption also probably occurs from the distal small intestine,
2) essentially no absorption of the isoflavones as intact glucosides occurs; they must be first
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hydrolysed to their aglycone forms by hydrolases in the intestinal wall or by enzymes of
bacteria resident in the large bowel, 3) during passage through the intestinal wall, as well as in
the liver and other organs, the isoflavones are largely conjugated to form glucuronides and
sulphates, 4) isoflavones (mainly as glucuronides and sulphates) are excreted from the body
mainly in urine, with only small amounts appearing in feces, 5) peak plasma concentrations of
isoflavones appear approximately 6-9 hours after ingestion in humans, and essentially all are
eliminated by 24-36 hours, 6) extensive bacterial metabolism of isoflavones occurs in the
large bowel; equol and O-desmethylangolensin are major metabolites, but a large number of
other bacterial metabolites have been identified and the contribution of these (especially
equol) to the biological effects of isoflavones is a subject of considerable interest (33).

Health benefits of soy

Interest in the possible health benefits associated with eating soy foods has focused in three
main areas - cardiovascular disease, cancer, and postmenopausal symptoms and
consequences, although other diseases and conditions have been examined. This paper
provides a brief overview of these three areas; the reader is referred to the reviews referred to
earlier (12-15) for a more comprehensive treatment of the topic.

Cardiovascular disease

This is probably the area where there is strongest evidence for a health benefit. In October
1999 the Food and Drug Administration (FDA) in the USA accepted that there was sufficient
evidence that soy foods reduce cholesterol for it to allow food manufacturers to label foods
which meet certain guidelines with a health claim to indicate that they may assist in reducing
cardiovascular disease (10). This was supported by an official statement from the American
Heart Association in 2000 (34), and a similar health claim was approved in the UK in 2002
(11). The FDA concluded that “based on the totality of the publicly available scientific
evidence, that there is significant scientific agreement that soy protein, included at a level of
25 g/day in a diet low in saturated fat and cholesterol, can help reduce total and LDL-
cholesterol levels, and that such reductions may reduce the risk of CHD”.

A cornerstone of the case for approval of this health claim was a meta-analysis of
approximately forty relevant human studies published in 1995 (35). This showed an ability of
soy to significantly reduce LDL (“bad”) cholesterol in plasma, especially in individuals who
had high initial levels. More recent well-controlled studies however have tended to show less
reduction in LDL than those of the meta-analysis (see for example (36)). Interestingly, the
FDA did not accept that the isoflavones in soy foods were directly involved in cholesterol
reduction. Certainly, it appears clear that consumption of isoflavones alone does not reduce
cholesterol (37-42). However, some have argued that whilst isoflavones alone are ineffective,
there may be a synergistic effect of the soy protein or other components and the isoflavones
(43,44). This is still an area of significant debate (45).

Distinct from effects on cholesterol, the effects of soy or isoflavones on a number of other
processes or risk factors of relevance to cardiovascular disease have also been studied. For
example, recent research, including some studies in Australia, has suggested that the
isoflavones may assist in maintaining healthy arteries (37,46-49) although not all studies have
been able to demonstrate an effect (40). The effect of soy or isoflavones on blood pressure,
has also been examined in humans. Some have provided support (50-54) whilst others have
been unable to demonstrate a significant reduction (37,40,55), or have shown a slight increase



under some circumstances (55). The reason for these differences is not clear, but does not
seem to relate to differences in starting blood pressure.

Oxidised LDL is an important early initiator of formation of precursors of atherosclerotic
plaques in the walls of blood vessels (56). Substances that inhibit the oxidation of LDL may
therefore protect against plaque formation. Many studies have shown the ability of genistein
to inhibit oxidation of LDL in the test tube (see for example (57-59)), but concentrations
employed are often much higher than are likely to be reached in the body. In order to obtain
more physiologically relevant results, a number of studies have tested the ability of
consumption of soy or isoflavone extracts by humans to inhibit LDL oxidation ex vivo. The
results from these studies have been mixed. Some studies have been unable to demonstrate
any beneficial changes (37,41), whereas others have demonstrated small, but statistically
significant effects (60-62). It is possible that the processes involved in isolating LDL from
plasma in order to conduct the tests may lead in some cases to the loss of factors that may be
operative in vivo. In order to overcome this difficulty, Hodgson and colleagues (55) measured
urinary excretion of the isoprostane 8-Epi-PGF2a, a recently identified biomarker of free
radical-induced lipid oxidation, following the daily consumption for eight weeks of a clover
isoflavone supplement that supplied 55 mg isoflavones per day. They were unable to show
any significant effect of the supplement. On the other hand, Wiseman and colleagues (63)
showed that plasma 8-Epi-PGF2a levels in subjects who consumed a soy diet high in
isoflavones were 20% lower than when they consumed a soy diet low in isoflavones (p<0.05),
indicating protection of lipids (although not necessarily LDL lipids) from oxidation.
Consistent with this study, the conjugated diene content of LDL isolated from individuals
consuming a soy diet was significantly lower than when consuming a control diet (51,64).
There are a number of possible reasons for the different results, but it may be significant that
Hodgson et al used an isoflavone supplement, whereas the other studies used whole soy,
suggesting the possible involvement of components other than the isoflavones. Clearly,
further studies are required to clarify effects in humans.

Cancer

Possible anticancer effects of soy and soy isoflavones were an initial strong focus for soy
research and, probably, more papers have been published in this area than in any other. The
major focus has been on breast cancer (see (65-71) for example), but other cancers have been
studied (72-74) and there has been recent increased interest in prostate cancer (for reviews see
(75-79) for example). Because of this extensive literature on soy and cancer it is not possible
to review this entire area in a paper of this nature. Rather I will provide a brief overview of
some of the key aspects of breast cancer research and the reader is referred to the literature
noted for reviews of other cancers.

Studies of soy foods and breast cancer fall into four main categories. The first involve
comparisons of the incidence of breast cancer in different countries that have differences in
the consumption of soyfoods (eg. Japan compared to Australia), as well as comparisons
between high and low soy consumers within countries. Some of these epidemiological studies
suggest that soyfoods may be protective (80-89), but not all studies support a link (90-93).
There is also evidence that exposure to isoflavones before puberty is important to endow a
protective effect (81,87,94,95) and that protection may be more effective premenopausally
than postmenopausally (see (82) for example). The second type of studies involve the use of
animals in which cancers are induced by some means and the incidence of tumours in those
that were fed soy is compared to animals that were fed a control non-soy diet. These studies
generally suggest that soy and isoflavones are protective (see for example (65,71,96-99)),



although this is not always the case (100-102). The third type of studies involve the use of
cancer cells grown in test tubes in which the effect of isoflavones on their growth is tested.
These types of studies generally show a biphasic effect. At genistein concentrations above
about 10uM inhibition of growth has been uniformly reported; however at lower
concentrations, around 1uM, (which are closer to plasma concentrations found in soy
consumers in vivo) slight stimulation of growth occurs under some conditions (68). The final
type of studies involve administration of isoflavones or soy to women and the determination
of the effect on biomarkers that may relate to cancer risk, and some of these have shown
increased levels of risk markers in nipple aspirate (103,104) and biopsy samples (105). The
cautionary results from some of these studies have led to concerns in some quarters,
particularly regarding use of isoflavone supplements (as apposed to soyfoods), and
particularly with regard to use by breast cancer sufferers (68,106-108). In summary, the
outcomes of studies that have examined the link between soy or isoflavones and breast cancer
risk are inconclusive, and any relationship can only be proved with long-term prospective
studies in humans.

Post-menopausal symptoms

The consequences of menopause include hot flushes, night sweats, vaginal dryness, mood
swings and osteoporosis and they affect approximately 80-85% of postmenopausal women in
Western countries and can be quite debilitating (109,110). Conventional estrogen replacement
therapy (HRT) is very effective, leading to a reduction of about 70% in hot flushes (110).
However, for a number of reasons, including concerns about cancer, many women are seeking
alternative, or so-called “natural”, therapies to treat menopausal symptoms (111). Soy and
isoflavones are one class of natural therapy (112) and there have been a number of studies to
determine their efficacy, particularly with regard to hot flushes.

Hot flushes

In a consensus statement published in 2000 (14) based on review of nine studies (two reported
in abstract form) published at that time, the North American Menopause Society concluded
that with regard to hot flushes the effect of soy and isoflavones was inconclusive. There have
now been at least 15 studies published. These have varied significantly in a number of
respects. Seven studies used soy foods (54,113-118), five used a soy isoflavone extract (119-
123) and three used a clover isoflavone extract (124-126). Dosages of isoflavones ranged
from 30 to 150 mg per day, and period of treatment from 4 to 12 weeks. Most studies have
been double blind placebo controlled and two have been multi-centre studies (120,122).
Uncertainty and controversy however remain (127,128) and it is clear that more research will
be required to resolve this uncertainty.

Osteoporosis

Osteoporosis is a serious and potentially debilitating consequence of the menopause in many
women, particularly in the West (129). Whilst HRT is effective in preventing bone loss in
early menopause, there may be side effects (130) and as with other menopausal symptoms
women are therefore seeking other treatments for this condition.

A synthetic isoflavone, ipriflavone (which interestingly gives rise to the soy isoflavone
daidzein as one of a number of intermediates upon metabolism) has been studied for at least
thirty years (131). It has been marketed since the late 1980s in at least twenty countries for the
clinical treatment of osteoporosis (131) with generally positive results (132). Doses are high,



in the range 500 - 1000 mg/d (132) and whilst these are not achievable for isoflavones from
soy foods, they may be relevant if daidzein is a major active metabolite of ipriflavone.

Studies of the effects of soy and isoflavones have used in vitro methods, animal models and
human studies (133). The animal studies have generally used ovariectomised rodents (134-
142), or in some cases ovariectomised primates (143) and these have provided some
supportive evidence, however isoflavone doses are often in the range 5-50 mg/Kg body
weight per day, much higher than could be achieved in humans by normal dietary intake. The
human studies have generally involved postmenopausal women and have been
epidemiological (144-152), as well as clinical intervention (62,153-158) in design and have
used bone mineral density and/or urinary or plasma markers of bone metabolism as end
points. They have been conducted in both Western (62,144,151,153-156,158) and Asian
countries (145-150,152,157). The results have been mixed — some have provided support
(62,145,146,148,152,154-157) whilst others have not (144,147,149-151,153,158). The
reasons for these differences are not clear, but is perhaps not altogether surprising when study
times have ranged from a few weeks to several years; isoflavone and soy doses have varied,
the sites for testing bone mineral density have varied, as have the biomarkers measured.

The North American Menopause Society concluded that at the time of their review there was
insufficient evidence about effects of isoflavones on bone health to draw firm conclusions
(14). That was also the conclusion of a recent extensive review commissioned by the UK
Food Standards Authority (see http://www.food.gov.uk/multimedia/pdfs/phytoestrogenreport
.pdf). As with breast cancer, most researchers agree that more research is needed.

Conclusion

In this review I have attempted to provide an overview of the growth of soy’s recent
acceptance in the West and the drivers of this growth. In particular I have reviewed the major
areas of research related to possible health benefits of soyfoods. In the last decade there has
been substantial progress in our understanding of this area. There is however still a long way
to go before the level of substantiation required for additional health claims will be achieved.
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