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The objective of the Vegetal Estrogens in Nutrition and the Skefeton (VENUS) project was to
evaluate existing data on dietary exposure to compounds with oestrogenic and anti-oestrogenic
effects present in plant foods as constitients or contaminants, and to identify and disseminate
in vitro and in vive methodelogies to analyse the effects of such compounds on bone. To
permit the assessment of exposure to isoftavones in Buropean populations (Italy, the UK, Ireland,
The Netherlands), the VENUS database of phyto-oestrogen levels in foods was established. Data
on the isoflavene (genisiein and daidzein) content of 791 foods, including almost 300 foods
commonly consumed in Europe, were collected. Levels of coumestrol, formononetin and bio-
chanin A in a limited number of foods were also included. Lignan levels (secoisolariciresinol
and matairesinol) in 158 foods were incorporated into the database, which also contains infor-
mation on the references sourced for the compositional data, on the analytical methods used
by each author and on the number of foods analysed in each reference. The VENUS database
was constructed in Microsoft® Access 2000, which is widely available as part of Microsofi®
Office Professional. This paper outlines the procedures used for the selection and evalnation
of existing literature data for incorporation into the database, In addition, the design of the data-
base is described, along with the data entry and quality control procedures used in its construe-
tion. Limitations of the data are discussed and guidelines for its use are provided.

Isoflavones: Food composition data: Lignans

Introduction

Over the past 20 years, a large number of epidemiological
“studies have been conducted to investigate diet and the risk
of developing different types of cancer. The most consist-
. ent finding so far is the association observed between
 consumption of vegetables and fruit and reduced risk of
.- cancers of the digestive and respiratory tracts (Riboli &
‘Norat, 2001). It has been suggested that the protective
tffects of plant foods may in part be due to plant
Oestrogenic compounds, or phyto-oestrogens. Epidemiolo-
gical investigations strongly support this hypothesis
because the highest levels of these compounds in the
-~ diet are found in countries or regions with low cancer inci-

dence (Adlercrentz, 1995). Phyto-oestrogens are classified

as isoffavones, coumestans and lignans, and they are
common components of food items such as grains, beans,
fruits and nuts. Isoffavones are found primarily in soya-
beans and foods made from soya.

Phyto-oestrogens display oestrogen-like activity because
of their structural similarity to human oestrogens and
becanse they exhibit high-affinity binding for the oestrogen
receptor B (Sirtori, 2001), thus enabling them to exert both
vestrogenic and anti-oestrogenic effects. It has been shown
in postmenopausal women that habitually high intakes of
dietary isoflavones are associated with higher bone mineral
density values at both the spine and the hip region (Mei
et al. 2001). 1t is possible that a diet rich in isoflavones
may heip to reverse the staie of secondary hyperparathy-
roidism associated with oestrogen withdrawal and hence
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fower the rate of hone turnover in postmenopausal women,
thus reducing the risk of ostcoporosis (Valtuefia et al. 2003).

The clinical implications of these and other findings
from small trials are exciting, but, as vet, no results from
large-scale intervention trials are available. In addition,
some negative effects of phyto-oestrogens have been
reported, most notably the proliferative effects of soya iso-
flavones (daidzein and genisicin) on oestrogen-dependent
‘human - breast cancer cells (Allred et al. 2001). While
these effects camnot be extrapolated to maa, they do
suggest that there may be possible risks associated with
" the addition of phyto-oestrogens to diets at physiologically
relevant concentrations. Barnes (2003) has critically
teviewed the available studies and concluded that an oral
.isoflavone dose of 50mg/d should be considered safe in
‘most population groups. He considered that up to 2mg/
kg of body weight per day for participants of clinical
 trials could be reasonably considered safe where partici-
pants were carefully monitored.

“Tiking this into consideration, and in the absence of
definitive data from human intervention trials, the evidence
base to recommend the widespread use of isoflavones by
population groups for long-term health gain or prevention
of chronic disease is insufficient at this time. However,
research in the field of phyto-oestrogens continues at a
rapid pace, and it seems likely that the weight of the evi-
dence may in time favour increasing the levels of these
plant constituents in the diets of Western populations.
The use of phyto-oestrogens as functional ingredients is
one way of achieving these increases. In this event, it
will become increasingly important to be ahle to assess
the impact of the addition of these bicactive ingredients
to commeonly consumed foods in terms of the risks and
benefits to consumers. For this reason, it is imperative
that current exposure levels to phyto-oestrogens (at base-
line) are established in Western populations.

It has been estimated that phyto-oestrogens levels are
low in Western diets, typically <{1mg/d, compared with
oriental diets, which range from 20 to 50 mg/d (Mazur &
Adlercreutz, 2000). The richest sources of isoflavones in
Japan are tofu, miso, natto and fried tofu (Wakai et al.
1999) and these foods are consumed relatively infrequently
in Western countries. Studies on the actual intakes of diet-
ary phyto-cestrogens in population groups are scarce,

mainly because of the dearth of reliable phyto-oestrogen .

composition data. Isoflavone intakes were recently
assessed in postmenopausal women in the USA as part of
The PFramingham Study (de Kleiin er al 2001). The
median daily total intake of jsoflavones was 154 pg
(99-235ug), and the main dietary sources were beans
and peas. These data are in contrast to the results of
Hom-Ross et al. (2001), who found {also using a food fre-
quency guestionnaire in US women)} that intakes on aver:
age were >>3Img/d and the main dietary sources were
tofu, doughnuts, soya milk and white bread. One of the
'easons for the large discrepancy in the phyto-vestrogen
“}tﬁke values obtained in these studies is likely 1o be the
gzlt:};erat tables of phyto-oestrogen levels in foods used
¥ e researchers to quantify phyto-cesizogen intakes.
Eave?:; _lia;t, two  databases :;entainiﬁg’ phym—(}egtrqgcn

: wods have been publicly available. The Institute
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of Food Research (IFR) established a database in Visug}
Foxpro, called NOTIS™YS (hitp:/fwww ifr bhsre.ac.uk/
phytochemicals/Links.htm) and this was the first commer.
cially available database on the levels of hioactive com-
pounds m plant foods. The second and more recently -
constructed database (1998) is the United States Depari-
ment of Agricalture (USDA)-Iowa State University Isofla- -
vones Database (http:/fwww.nal.usda.gov/fnic/foodcomp/
Data/isofiavfisoflav.html).

At the outset of the Vegetal Estrogens in Nufrition and
the Skeleton (VENUS) project in 1998, the participants
decided that neither the NOTIS™™ nor the USDA- .
Iowa State University database contained sufficiently up. -
to-date information, particularly about foods commenly -
consumed in European countries, to enable the intakes of
dietary phyto-oestrogens in Europe to be estimated, and |
that a separate VENUS database was required, Therefore,
as a primary objective, the Concerted Action research .
group decided to establish an electronic database contain-
ing phyto-oestrogen levels in foods from literature sources, .
including foods rich in phyto-oestrogens and foods that
contained low levels of phyto-ocestrogens but were com- °
monly consumed in European diets. The VENUS database
was then applied to recent population-based food con- -
sumption data for Italy, Ireland, the UK and The Nether-
lands. The procedures used and results obtained from
this project are described fully in a separate paper in this
supplement (Van Erp-Baart er al 2003). Briefly, the
VENUS database served as a starting point for the estab-
lishment of individoal national databases in the four
countries, which accounted for variations in the national
food supply and local recipe databases. The data obtained
are & useful baseline assessment of dictary exposures to
isoflavones in three Northern European countries and one
Southern European couniry using the most up-to-date
food consumption data and isoflavone compositional data
available at this time,

The current paper describes the selection and evaluation
of the data included in the VENUS database, the design
of the database, and the data entry and quality control
procedures used in its construction.

Methods
Selection and evaluation of analytical data

The data used to compile the VENUS database were gath-
ered from peer-reviewed literature published before June
2000, and from laboratories participating in the VENUS
Concerted Action project. As a statting point for the
VENUS database, the literature sources used in the compi-
lation of the USDA.-lowa State University Isoflavones
Database and the IFR NOTIS™ ' database were collected.
The literature used in both of these databases was selected
using strict criteria described in the documentation accom-
panying the databases: prior to selection, papers were
evaluated for five general categories including analyviical
method, quality conirol, sampling procedure, sample
hendling and number of samples handled.

Additional literature searches were carried out fo collect
data that were published after the compilation of these
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databases, and project participants provided some unpub-
fished daia on foods conunonly consumed in Europe. In par-
ticular, Dr Sheila Bingham’s group in the Dunn Nutritton
Enit, Cambridge, UK, supplied previously unavailable
data on isoflavone levels in 300 commonly consumed
foods (Liggins er al. 2000a.b}. The entire body of literature,
which comprised 47 references, was reviewed by VENUS
participants (M Faughnan, personal communication, 2000;
K Withild er af., personal communication, 2001) who were
experienced in the analysis of these compounds in foods.
On the basis of their recommendations, 33 references were
selected for inclusion in the VENUS database, as listed in
the References section. References were excluded on the
hasis of either inadequate or outmoded analytical methods,
poor or poorly described quantification of results or unclear
expression of resuits. The majority of data excluded was due
to the inability to quantify phyto-oestrogen content in foods
as aglycone equivalents. Three publications were excluded
from the database due to out-dated methods where it was
difficult to determine the reliability of the data. One set of
data was excluded becanse of the nse of a base hydrolysis
step in the analytical work-up of samples, which is known
to be destructive to the compounds. A further reference
was excluded owing to discrepancies within the values

reported.

Conversion of reported analytical data into a form suitable
Jfor inclusion in the VENUS database

. Genistein and daidzein values were entered into the
VENUS database as aglycone eguivalents because, follow-

. ing ingestion, the giucoside forms of isoflavones are con-
" verted to free (aglycone)} forms for absorption in the gut.
- Presenting isoflavone values as total additions of free and
;. glucoside values seriously overestimates their true agly-
“~.cone concentration in food. However, many literature
.':-=ﬁ'4_values of isoflavones are presented as glucosides. Thus,
-~ appropriate molecular weights were applied to the gluco-
= side values in the literature to obtain aglycone equivalents
for entry to the VENUS database.
% Values for foods in the literature were often given on a
dry weight basis, and conversion factors from a number of
i sources, mainly McCance & Widdowson’s The Compo-
. i sition of Foods (Holland et al. 1995), were used to convert
i these to wet weights.
<7+ In addition, values were converted to ug/100g edible
“Uportion, as many foods were included in the database
st contain low levels of phyto-oestrogens but, because
% .they are commonly consumed in appreciable quantities in
~* Eutopean diets, their contributions to the overall intakes
- may be significant.

Database design

¢ The VENUS database was constructed in MS Access®
o 20})0, because it is widely available as part of the
:4M1cmsoﬂ® Office Professional suite of software, it is
- 088¥ o pse and data can be exported 1o MS Excel® or
G_Iher analytical software for performing calculations as
the. user requires. Five tzbles were set up 0 contain
Helds of darg as follows;

1. Table I: Isoflavone levels {png/100g) in foods. Data
fields: Food 1D, Name of food, Daidzein, Genistein,
Total isoftavones, Formononetin, Biochanin A, Cou-
mestrol, Reference ID.

2. Table 2: Lignan levels (ug/l00g) in foods. Daty
fields: Lignan 1D, Food 1D, Name of food, Secoisolar-
iciresinol, Matairesinol, Total lignans, Reference 1D,

3. Table 3: List of references. Data fields: Reference 1D,
Author, Year, Joumal.

4. Table 4: Methods used in food analysis. Data fields:
Reference ID number, Analytical method, Acid
hydrolysis (yes/no), Intemal standard (yes/no), Quality
control (yes/no), Number of samples.

5. Table 5: Molecular weights of isoflavones and lignans.

The Total isoflavones column refers to either a value
obtained from the literature if one was provided, or the
simple addition of gepistein and daidzein values, if no
total value was available. Missing values were identified
as blank cells to differentiate themn from zero or undetect-
able levels, which were marked ‘n/d’ for ‘not detected’.

The database was designed for use as a relational data-
base; therefore, corresponding food ID numbers and refer-
ence ID numbers were used across the five tables to
facilitate the establishment of relationships between
tables, as the user requires. The entire database is contained
in one file (current size 396 kB).

Quality control

Each calculation was checked independently in-house on
an ndividual basis, including the conversions from gluco-
side values to aglycone equivalents, the conversions from
dry weights to wet weights and the standardisation of
values to pg/100 g edible portion. In addition, the accu-
racy of the data entry was checked on a line-by-line
basis in-house and a VENUS parther checked a random
selection of data, in particular the data most relevant to
Western food patterns (H Brants, personal communi-
cation, 2000).

Discussion

The current paper describes the rationale, design, construc-
tion and content of the VENUS database of phyto-
oestrogen levels in foods. The VENUS database was
established primarily to facilitate the estimation of
exposure levels to phyto-oestrogens in four European
countries, including Italy, The Netherlands, Ireland and
the UK, using recent food consumption data collected for
adults in these countries. Owing to the relative dearth of
data on lignan levels in foods relative to the wide variety
of foods commonly consumed in the four couniries, it
was decided to limit the assessment of dietary exposure
to phyto-cestrogens to isoflavones only.

Van Erp-Baart et al. (2003), in a separate paper in the
current supplement, fully describe the methodology and
procedures used in the application of the VENUS database
for the estimation of dietary exposure io isoflavones. In
each of the four couniries, these protocols were swrictly
adhered to. The food comsumption data wsed in each
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couniry was of a simlar high quality, as it consisted of
food diary data collected in individuals on between two
and seven days. In addition, the researchers in the four
counines agreed on the selection of the appropnate food
categories to include in the analysis and guidelines for
the compilation of national food lists containing isofla-
vones for each country. The data show that the mean
total isoflavone intake in the four countries was <1 mg/d
(Van Erp-Baart er al. 2001). As this is the primary use
for which the VENUS database was designed and intended,
we consider that it has been a successful starting point in
the estimation of baseline exposure to vegetal oestrogens
in European populations, against which future assesstnents
based on updated versions of the VENUS database and/for
new food consumption data can be comparad.

It is important to point out the uses for which the
VENUS database was not intended. It was not designed
for the determination of individual phyto-oestrogen
intakes. Hence, it is not apprapriate to use the VENUS
database for the prescription of individua] diets (e.g. in
human intervention studies). In addition, the database is
not suitable for food labelling purposes. There are certain
limitarions to the database that users should be aware of:

1. The quantity of data available is limited overall in
comparison to the number of foods consumed.

2. In relation to certain manufactured foods, particulatly
meat products and meat-containing mixed dishes and
snacks, there is a dearth of information on the type
of soya ingredients used in their manufacture and
therefore the isoflavone contents of these foods are
difficult to ascertsin accurately by calculations from
recipe databases.

3. There is variable quality in the analytical data avail-
able, particularly in the data obtained from older
studies.

4. There is natural variaion in soyabean isoffavone
values between seasons, crops and varieties, and it
has not been possible to factor this into the VENUS
database.

Users of the VENUS database, in their interpretation of
database values, should consider these hmitations. How-
ever, it is important to remember that the database has
been designed to evolve with the addition of new data
and the deletion of old or irrelevant data, as new analytical
techniques for the determination of more isoflavones in a
wider range of relevant foods are continuously developed
and optimised.

The database has been made available as a resource
on-ling at www.venus-ca.org.

Acknowliedgements

This review has been carried out with financial support
from the Commission of the European Communities,
Food and Agreindustrial Research programme CT-98-
4456 ‘Dietary exposure to phyto-oestrogens and related
compounds and effects on skeletal tissues (VENUSY . It
does not veflect its views and in no way anticipates the
Cormornission’s fuiure policy in this area.

M. Kiely et al,

References

Adlercrentz H {1¥95) Phyto-oestrogens: epidemiology and 4
possible tole in cancer protection. Environmental Health Pey.
speciives 103, 103112

Allred CD, Allred KF, Ju YH, Virant SM & Helferich WG 2001y -
Soy diets containing varying amounts of genistein stimulage
growth of estrogen-dependent (MCF-7) tumours in a dose-
dependent manner. Cancer Research 61, 5045 -5050. &

Araujo JMA, Santos CJC & Moriera MA (1995) Isoflavones con.
tent in soybean cultivars. Argives Biology Tecnology 38,
725-730. o

Bames 5 (2003) Phyto-oestrogens and osteoporosis: what is 4 safe.
dose? British Journal of Nurrition 89, Suppl. 1, 5101-8108. "

Choi J-§, Kwon T-W & Kim -8 (1996) Isoflavone contents in.
some varieties of soybean. Foods and Biotechnology 3.
167-169.

Coward L, Bames NC, Setchell KDR & Bamnes 5 (1993} Geni--:
stein, datdzein and their B-glucoside conjugates: antitumour .
isoflavones in soybean foods from American and Asian diets.’:
Journal of Agriculture and Food Chemistry 41, 1961-1967.

Coward L, Kirk M, Albin N & Bames 5 (1996) Analysis of =
plasma isoflavones by reversed-phase HPLC—multiple reaction
ton monitoring-mass spectrometry, Clinica Chimica Acta 247,
121-142. %

De Kleijn MJJ, van der Schouw YT, Wilson PWE, Adlercreutz H,
Mazur W, Grobbee DE & Jacques PF (2001) Intake of dietary
phyto-vestrogens is low in postmenopausal women in the :
United States; The Framingham Study. Joumnal of Nutrition .
131, 1826-1832.

Dwyer AT, Goldin BR, Saul N, Gualteri A, Barakat S & °
Adlercreutz H (1994) Tofu and soy drinks contain phyto- -
oestrogens. Journal of the American Dietetic Association 94, -
739-743, :

Elakovich SD & Hampton JM {1984) Analysis of coumestrel, a -
phytooestrogen, in alfalfa tablets sold for human consumption.
Jownal of Agriculture and Food Chemistry 32, 173-175.

Eldridge AC (1982) Determination of isoflavones in soybean
flours, protein concentrates and isolates. Journal of Agriculture
and Food Chemistry 30, 353-355.

Eldndge AC & Kwolek WF (1983) Sovybean isoflavones: effect of
environment and variety on composition. Jowrnal of Agricul-
ture and Food Chemistry 31, 394--396.

Franke AA, Custer LY, Cerna CM & Narala K (1995) Rapid
HPLC analysis of dietary phyto-cestrogens from legumes and
from human urine. Proceedings of the Society for Experimental
Biology and Medicine 208, 18-26.

Franke AA, Custer L), Wang W & Shi CY (1998) HPLC analysis
of isoflavonoids and other phenolic agents from foods and from
human fluids. Proceedings of the Society for Experimental
Binlogy and Medicine 217, 263273, .

Franke AA, Hankin JH, Yu MC, Maskarinee G, Low S-H &
Custer LY {1999} Isoflavone levels in soy foods consumed by
multiethpic populations in Singapore and Hawaii. Jowurnal of
Agriculture and Food Chemistry 47, 977-986.

Fuokutake M, Takahashi M, Ishida K, Kawamura H, Sugimuras T
& Wakabayashi K (1996) Quantification of genistein and geni-
stin in soybeans and soybean products. Food and Chemical
Toxicology 34, 457-461.

Helland B, Welch AA, Unwin ID, Buss DH, Paul AA &
Southgate DAY (1995} McCance & Widdowson's The Compo-
sitior: of Foods Fifth Edition. Royal Society of Chemistry and
Ministry of Agricuiture, Fisheries and Food. London: HMSO,

Horn-Ross FL, John BM, Lee M, Stewart 81, Koo J, Szkods 1L.C,
Shiaa AC, Goldstein I, Davis P & Perez-Stable EJ (2061
Phyto-cestrogen consumption and breast cancer risk in &



VENUS database of isoflavone levels in foods 803

multiethnic poputation: the Bay Area Breast Cancer Study. Amer-
ican Journal of Epidemiology 154, 434-44],

Jones AE, Price KR & Fenwick GR (1989} Development and
appiication of a HPLC method for the anaiysis of phyto-oestro-
gens, Journal of Science Food and Agricultire 46, 357364,

Liggins J, Bluck LI Runswick 5, Atkinson C, Coward WA &
Bingham 3SA (20002) Daidzein and genistein contents of
vegetaples. British Jowrnal of Nutrition 84, 717-725,

Liggins J, Bluck LI, Runswick S, Atkinson C, Coward WA &
Bingham SA (2000%) Daidzein and genistein content of fruits
and nuts. Jowrnal of Nutritional Biochemistry 11, 326331,

Mazur W (1998) Phyto-oestrogen content in foods. Bailliére's
Clinical Endocrinology and Metabolism 12, 729743,

Mazwr W & Adlercreutz H (2000) Overview of natorally occus-
ring endocrine-active substances in the human diet in relation
to human health. Nurrition 16, 654687,

Mazur WM, Duke JA, Wahala K, Rasku § & Adlercreutz H
(1998) Isoflavonoids and lignans in legures: nutritional and
health aspects in humans. Journal of Nwiritional Biochemistry
9, 193-200.

Mazur W, Fotsis T, Wihildi K, Ojala 8, Salakka A &
Adlercreutz H {1996} Isotope dilution gas chromatographic—
mass spectrometric method for the determination of isoflavo-
noids, coumestrol and lignans in food samples. Analytical
Biochemistry 233, 169—-180.

Mazur WM, Wighiali K, Rasku S, Salakka A, Hase T &
Adlercreutz H (1998) Lignan and isoflavonoid concentrations
in tea and coffee. British Journal of Nutrition 79, 37-45.

Mei J, Yeung S8 & Kung AW (2001) High dietary phyto-oestro-
gen intake is associated with higher bone mineral density in
postmenopausal but not premenopausal women. Jowrnal of
Clinical Endocrinology and Melabolism 86, 5217-5221.

Morten M, Arisaka O, Miyake A & Evans B (1999) Analysis of
phyto-oestrogens by gas chromatography—mass spectrometry.
Environmental Toxicology and Pharmacelegy 7, 221225,

Mullner C & Sontag G (1999) Determination of some phyto-
oestrogens in soybeans and their processed products with
HPLC and coulometric electrode array detection. Fresenius
Journal of Anaivtical Chemistry 364, 261 —2635,

Murphy PA (1982) Phyto-oestrogen content of processed soybean
products. Food Technology January, 60—64.

Murphy PA, Scng T, Buseman G & Barua K (1997) Isoflavones
in soy-based infant formulas. Journal of Agriculture and Food
Chemistry 45, 4635-4638. ‘

Murphy PA, Song T, Buseman G, Barua K, Beecher GR,
Trainer D & Holden J (1999} Isoflavones in retail and insti-
twtional soy foods. Journal of Agriculture and Food Chemistry
47, 26972704, '

Nguyenle T, Wang E & Cheung AP (1995) An investigation on
the extraction and concentration of isoftavones in soy-based

products. Journal of Pharmacentical and Biomedical Analysis
14, 221--232. ’

Padgette SR, Taylor NB, Nids DL. Bailey MR, MacDonald I,
Holden LR & Fuchs RI. (1996) The cumposition of giypho-
sate-tolerant soybean seeds is equivalent to that of convention.al
soybeans. Jeurnal of Nutrition 126, 702-716.

Pestersson H & Kiessling K-H (1984) Liquid chromatographic
delermination of the plant ocestrogens coumestrol and isofla-
vones in ammal feed. Journal of the Official Association of
Analytical Chemists 67, 503-506,

Riboli E & Norat T {2001) Cancer prevention and diet: opportu-
nities in Burope. Public Health Nutrition 4, 475-484.

Sirtori CR. (2001) Risks and benefits of soy phyto-cestrogens in
cardiovascular diseases, cancer, climacleric symptoms and
osteoporosis. Drug Safery 24, 565-682.

Valtuefia §, Cashman K, Robins SP, Cassidy A, Kardinaal A &
Branca F (2003} Investigating the role of natural phyto-
oestrogens on bone health in postmenopausal women. Brirish
Jowrnal of Nurrition 89, Suppl. 1, S8§7-599.

Van Erp-Baart AMJ, Brants HAM, Kicly M, Mulligan A,
Turrini A, Sermoneta C, Kilkkinen A & Valsta LM (2001)
Isofiavone intake in different European countries: the VENUS
approach. Annals of Nutrition and Metabolism 45, 217-234
Abstr.

Van Erp-Baart AMJ, Brants HAM, Kiely M, Mulligan A, Turrini
A, Sermoneta C, Kilkkinen A & Valsta LM (2003) Isoflavone
intake in four different Eurcpean countries: the VENUS
approach. British Journal of Nurrition 89, Suppl. 1, 825-530.

Wakai K, Egami I, Kato K, Kawamura T, Tamakoshi A, Lin Y,
Nakayama T, Wada M & Ohno Y (1999) Dietary intake and
sources of isoflavones among Japanese. Nutrition and Cancer
33, 139145,

Wang G, Kuan 88, Francis OJ, Ware GM & Carman AS (1990
A simplified HPL.C method for the determination of phyto-
oestrogens in soybean and its processed products. Journal of
Agriculture and Food Chemisiry 38, 185-190.

Wang H-J & Murphy PA (1994a) Isoftavone composition of
American and Japanese soybeans in Jowa: effects of variety,
crop year and location. Journal of Agriculture oand
Food Chemistry 42, 1674-1677.

Wang H-J & Murphy PA (19944 Isoflavone content in commer-
cial soybean foods. Journal of Agriculture and Food Chemistry
42, 1666—1673.

Wang H-J & Murphy PA (1996) Mass balance study of isofta-
vones during soybean processing. Journal of Agriculture and
Food Chemistry 44, 2377-2383.

Xu X, Wang H-J, Murphy PA, Cook L & Hendrich 8 (1994)
Daidzein is 2 more bioavailable soymilk isoflavone than is
genistein  in  adult women. Journal of Nurrition 124,
825-832.



