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The urinary excretion of soya isoflavones and gut microflora metabolites was investigated in infants and children who had been fed soya-
based infant formulas in early infancy. These infants and children were compared with cows’-milk formula-fed controls, to determine at
what age gut microflora metabolism of daidzein to equol and/or O-desmethylangolensin (O-DMA) was established, and whether exposure
to isoflavones in early infancy influences their metabolism at a later stage of development. Sixty infants and children (aged 4 months–7
years) participated in the study; thirty in each of the soya and control groups. There were four age groups. These were: 4–6 months (seven
in the soya group and seven in the control group); 7–12 months (seven in the soya group and nine in the control group); 1–3 years (six in
the soya group and eight in the control group); 3–7 years (ten in the soya group and six in the control group). Urine samples were collected
to measure isoflavonoids by MS, and faecal samples were collected to measure gut-health-related bacterial composition, by fluorescent in
situ hybridisation with oligonucleotide probes, and metabolic activity. A soya challenge (typically a soya yoghurt alternative product con-
taining 4·8 g soya protein and on average 22 mg total isoflavones) was given to control-group infants (.6 months) and children, and also to
soya-group children that were no longer consuming soya, to determine their ability to produce equol and/or O-DMA. Urinary genistein,
daidzein and glycitein were detected in all infants (4–6 months) fed soya-based infant formula; O-DMA was detected in 75 % of infants
but equol was detected in only 25 %. In the controls (4–6 months), urinary isoflavonoids were very low or not detected. In the older age
groups (7 months–7 years), O-DMA was found in the urine samples of 75 % of the soya group and 50 % of the controls, after the soya
challenge. Equol excretion was detected in 19 % of the soya-group infants and children, and in only 5 % of the controls. However, in the
oldest (3–7 years) children, the proportion excreting O-DMA and equol was similar in both groups. Faecal bacterial numbers for bifido-
bacteria (P,0·001), bacteroides and clostridia (P,0·05) were significantly lower for the soya group compared with the control group.
There appears to be no lasting effect of early-life isoflavone exposure on isoflavone metabolism.

Soya isoflavone metabolism: Equol: Soya-based infant formula: Gut bacterial microflora

There is considerable interest in the contribution that soya
isoflavones may make to human health (Wiseman, 2000;
Barnes, 2001; Adlercreutz, 2002). The possible health con-
sequences of early soya consumption are also attracting
attention (Badger et al. 2002; Mendez et al. 2002).
Although there have been a large number of studies on
the metabolism and bioavailability of soya isoflavones in
adults (Morton et al. 1994; Lampe et al. 1998; Watanabe
et al. 1998; Rowland et al. 2000, 2003; Setchell et al.
2002a,b, 2003a,b), there is little information available in
infants and children. The gut microflora in early childhood
is very different to that in adulthood, therefore it is

important to characterise developmental changes in isofla-
vone biotransformation in early life.

The intestinal tract of the human fetus is sterile, but after
birth it rapidly becomes colonised by bacterial microflora
from the mother’s faecal, vaginal and skin floras (Heavey
& Rowland, 1999). Further bacterial types are then
established in the gut from a variety of endogenous and
exogenous sources including diet and the environment.
The development of the microflora occurs gradually and
it can take several years before an adult-type flora
is established. This has implications for isoflavone
metabolism because the major metabolites, equol and
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O-desmethylangolensin (O-DMA), are products of gut
microflora metabolism. It has been consistently reported
in adults consuming soya-protein diets that approximately
35 % are able to produce equol (Morton et al. 1994;
Lampe et al. 1998; Rowland et al. 2000; Setchell et al.
2002a); however, there is far less interindividual variation
in the ability to produce O-DMA (Rowland et al. 2000).
The ability to produce equol is of considerable interest
because equol is more oestrogenic than the parent isofla-
vone daidzein (Markiewicz et al. 1993) and has the great-
est antioxidant activity of all the isoflavones tested in a
range of in vitro test systems (Hodgson et al. 1996;
Arora et al. 1998; Mitchell et al. 1998). A decreased in
vivo lipid peroxidation (Wiseman et al. 2000) and
increased resistance of LDL to oxidation ex vivo (Tikkanen
et al. 1998; Jenkins et al. 2000; Wiseman et al. 2000) have
been reported following the consumption of soya-protein
diets. Therefore, the superior antioxidant activity of equol
compared with other isoflavones and thus the ability to pro-
duce equol may provide a greater inhibition of lipid peroxi-
dation and thus a greater reduction in risk for
cardiovascular disease. Furthermore, a high urinary
excretion of equol has been reported to be associated
with a decreased risk of breast cancer (Ingram et al. 1997).

Irvine et al. (1998a) reported that significant amounts of
daidzein and genistein were excreted in the urine of soya-
based infant formula-fed infants but not cows’-milk for-
mula-fed infants (up to the age of 4 months). Setchell et al.
(1997) reported significantly greater amounts of genistein
and daidzein in the plasma of 4-month-old soya-based
infant formula-fed infants compared with cows’-milk
formula-fed infants. Equol was consistently present in the
plasma of infants fed cows’-milk formula, and in four
out of seven soya-fed infants, but levels were very low.
O-DMA was not detected in the plasma of any of the infants
(Setchell et al. 1997).

The aim of the present investigation was to investigate the
excretion of isoflavones in the urine of soya-based infant
formula-fed and cows’-milk formula-fed infants and chil-
dren (mostly following a soya challenge), from the ages of
4 months to 7 years. This was to determine at what age
gut microflora metabolism of daidzein to equol and/or
O-DMA was established and to assess whether exposure
to soya isoflavones in early infancy influences the children’s
metabolism at a later stage of development. In addition, the
aim of the study was to determine the influence of soya-
based infant formula on the developing gut microflora in
the infant, both in terms of gut health-related, overall
bacterial composition and bacterial metabolic activity. The
major effects of the type of infant feeding regimen on the
gut microflora are likely to be in the early stages of develop-
ment, so gut bacterial analysis was performed on faecal
samples from a subgroup of infants aged 4–12 months.

Subjects and methods

Study design

The study was approved by the University of Ulster ethics
committee and the mothers of the infants and children gave
their informed consent.

Sixty infants and children (4 months–6 years) partici-
pated in the study; thirty in each of the soya and control
groups. There were four age groups: 4–6 months, 7–12
months, 1–3 years and 3–7 years.

In the 4–6 month age group there were seven subjects in
the soya group; five males aged 5, 5, 6, 6 and 6·5 months,
and two females aged 6 and 6·5 months. There were seven
subjects in the control group; three males aged 4·5, 5·5 and
6·5 months and four females aged 4, 4, 4·5 and 6·5 months.

In the 7–12 month age group there were seven subjects
in the soya group; three males aged 8·5, 9 and 10 months
and four females aged 8·5, 9, 10 and 11 months. There
were nine subjects in the control group; five males aged
7, 9, 9·5, 11 and 12 months and four females aged 8·5, 9,
10 and 11 months.

In the 1–3 year age group there were six subjects in the
soya group; three males aged 22·5, 25·5 and 26·5 months
and three females aged 13, 13, and 15·5 months. There
were eight subjects in the control group; five males aged
13, 17·5, 17·5, 30 and 31·5 months and three females
aged 13, 29 and 35 months.

In the 3–7 year age group there were ten subjects in the
soya group; five males aged 49, 57, 64, 64 and 71·5 months
and five females aged 44·5, 52, 54·5, 82 and 83 months.
There were six subjects in the control group; three males
aged 40·5, 42·5 and 58·5 months and three females aged
43·5, 48 and 68 months.

The study recruited infants and children aged between
4 months and 7 years of age, who had been fed soya-
based infant formula in early infancy. In the youngest
age group (4–6 months) soya-based infant formulas were
consumed from 3 months or earlier. Many of the soya
group infants and children had continued to consume
soya products after weaning. Subjects, also aged 4
months to 7 years, who had consumed cows’-milk formula
as babies and who subsequently were not given soya pro-
ducts, were recruited as controls. On the third day of the
study a urine sample was collected. A faecal sample was
collected from the 4–12-month subgroup. The control-
group infants (.6 months only, due to parental unwilling-
ness in the younger age group) and children, and also the
soya-group children that were no longer consuming soya,
were given a soya isoflavone challenge to establish whether
they were capable of converting daidzein to equol and/or
O-DMA. Typically the soya challenge was a soya yoghurt
alternative product containing 4·8 g soya protein and on
average 22 mg total isoflavones (Wiseman et al. 2002)
and was consumed on days 3 and 4. Urine samples were
collected on days 4 and 5 and pooled.

Subjects

Subjects were recruited from general practitioner medical
doctors’ practices in Northern Ireland. Local paediatric die-
ticians and health visitors were also involved in recruit-
ment. A medical history was obtained by the general
practitioner, and only healthy infants and children were
recruited. Subjects were excluded if they were on medi-
cation or treatment for any pre-existing disease, had gastro-
intestinal disease or infection, chronic diarrhoea or
antibiotic use 3 months before commencing the study.
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Sixty infants and children participated in the study. For
the soya-based infant-formula group, sixty-three parents
of potential subjects were contacted, thirty-seven agreed
to participate and thirty infants and children participated
in the study. For the control (cows’-milk formula-fed)
group, ninety-nine parents were contacted, forty-five
agreed to participate and thirty infants and children partici-
pated in the study. The heights and weights were obtained
by the subjects’ health clinic, where possible, or by the
researcher. The participants were allocated to one of the
four age groups. The parents of the subjects were asked
to keep 3 d weighed food records so that the nutrient
intakes of the subjects could be analysed. Nutrient analysis
of the food records was carried out with Weighed Intake
Analysis Software (version 1.28; Tinuviel Software,
London).

Collection and handling of samples

The details of the study and methods for collecting urine
and faecal samples were explained during a visit to the
parents before commencing the study.

Infant formula milk sample collection. The parent
transferred dry powder samples of the soya-based infant
formula or cows’-milk formula into a universal container.
These were stored at 2208C for subsequent isoflavone
analysis.

Urine sample collection. Spot urine samples were
collected using an adhesive plastic urine collection bag
(Hollister Ltd, Wokingham, Berkshire, UK). The isoflavo-
noid values measured were expressed per mg urinary
creatinine. Ascorbic acid (approximately 0·2 g) was
added to the urine samples as a preservative and the
samples were stored at 2708C until analysed.

Faecal sample collection. Samples were processed
within 3·5 h of collection. The parents were supplied with
a pre-weighed container into which they placed the
sample immediately after defecation. The date and time
of collection were noted. The researcher was then tele-
phoned so that the sample could be collected from the
home and transported to the laboratory. The sample was
placed on ice or in a refrigerator before collection. In the
laboratory the sample was weighed and a 1 g sample was
removed and processed for analysis of the gut microflora
composition by fluorescent in situ hybridisation with
group-specific 16S rRNA-targeted oligonucleotide probes.
A 200 g/l faecal suspension was prepared with saline
(9 ml/l) for subsequent measurement of NH3 and short-
chain fatty acid (SCFA) concentration, pH and activities
of the bacterial enzymes, b-glucosidase and b-glucuroni-
dase.

Analytical methods

Measurement of isoflavone concentrations in infant for-
mula samples. Sample extraction was an adaptation of
the method of Coward et al. (1993). Single replicates of
powdered formulas (0·5 g) and 5mg [2H4]daidzein (internal
standard) were dispersed by sonication and extracted with
5 ml aqueous ethanol (800 ml/l) by stirring for 1 h at
608C. The mixture was cooled and centrifuged at 8000 g

for 5 min, the solvent extract aspirated off and the residue
pellet re-suspended in further aqueous ethanol (2 £ 2·5 ml).
The combined extract was reduced in volume (5 ml) and
lipids removed by partitioning into and discarding a
hexane wash (4 £ 20 ml). The extract was dried under an
N2 stream and the residue dissolved in 10 ml aqueous
methanol (500 ml/l). A sample (2 ml) of the extract was fil-
tered (0·45mm) before analysis by liquid chromatography
(LC)–MS with selective ion monitoring, according to the
method of Wiseman et al. (2002). Concentrations were
expressed as mg/kg whole food.

Measurement of isoflavonoid concentrations in urine.
Urinary isoflavones were measured by isotope dilution
LC–MS, by an adaptation of the extraction method of
Lu et al. (1995) and the chromatographic method
of Wang & Murphy (1994). 13C internal standards (5mg
of each of [13C3]daidzein and [13C3]genistein; Dr Nigel
Botting, University of St Andrews, UK) were added to
urine samples (3 ml), which were deconjugated by incubat-
ing overnight at pH 5·0 (acetate buffer) with b-glucuroni-
dase–sulfatase (Helix pomatia extract; Sigma-Aldrich
Chemical Co., Poole, UK). Samples were neutralised
with ammonium carbonate then allowed to absorb onto
Chem-elut CE1010 solid-phase extraction cartridges
(Chrompack, London, UK). Analytes were eluted with
ethylacetate, followed by diethyl ether. Solutions of
extracts in aqueous acetonitrile (150 ml/l) were analysed
using LC–MS in þAPcI mode by selective ion-monitoring
mode. LC–MS separations were performed on a YMC-
Pack ODS-AM HPLC column (Crawford Scientific,
Strathaven, UK) using a water–acetonitrile gradient con-
taining glacial acetic acid (5 ml/l). The mean values and
mean intra-assay imprecision for analytes in a naturally
incurred quality-control sample were as follows: daidzein,
3·99 mg/l (CV 1·0 %); genistein, 1·60 mg/l (CV 2·0 %); gly-
citein, 0·04 mg/l (CV 11 %); O-DMA, 5·11 mg/l (CV
0·3 %); equol, 2·76 mg/l (CV 1·2 %). A diagnostics kit
(Sigma, procedure no. 555; Sigma-Aldrich Co., Poole,
UK) was used for the quantitative spectrophotometric
determination of creatinine in urine.

Faecal bacterial counts. Bacterial numbers in faecal
samples were measured by fluorescent in situ hybridisation
with group-specific 16S rRNA-targeted oligonucleotide
probes (Harmsen et al. 1999). The faecal samples were
suspended (100 g/l) in PBS and bacterial cells fixed with
paraformaldehyde (40 ml/l) overnight at 48C. After cen-
trifugation, the resulting cell pellet was washed in PBS
and then re-suspended in ethanol (480 ml/l) in PBS, and
stored at 2208C until analysed. Subsamples of PBS–etha-
nol stock were added to hybridisation buffer and hybridised
for 30 min, at the temperatures stated, with the following
group-specific 16S rRNA-targeted oligonucleotide probes
labelled with cyanine (cy3) fluorescent marker dyes.
These were BIF 164 (probe for genus bifidobacterium),
508C; BAC 303 (probe for genus bacteroides), 458C;
LAB 158 (probe for lactobacilli þ enterococci), 458C;
HIS 150 (probe for clostridium, subgroups perfringens
and histolyticum), 508C. Total bacterial counts were esti-
mated by staining the cells with 4,6-diamino-2-phenylin-
dole. After hybridisation, the cell suspensions were
filtered through 0·2mm Millipore filters, the filters were
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placed on microscope slides and the cells were counted
under a fluorescent microscope (at least fifteen fields,
with at least ten bacteria per field).

Measurement of faecal ammonia and short-chain fatty
acid concentrations, pH and enzyme activity. For the
measurement of faecal NH3 concentration, the faecal sus-
pensions were diluted and centrifuged at 5000 g for
5 min. Then a sample of the supernatant fraction (0·5 ml)
was added to 0·5 ml phenol (0·53 mmol/l)-nitroprusside
(0·86 mmol/l) solution, 0·5 ml alkaline hypochlorite sol-
ution (2 g/l) (Sigma-Aldrich Co., Poole, UK) and 3·5 ml
water and left at room temperature for 40 min. NH3 con-
centration was measured by spectrophotometry according
to the method of Solorzano (1969). For the measurement
of faecal SCFA concentration, the faecal suspensions
were centrifuged at 5000 g for 5 min. A sample (1 ml) of
each suspension was spiked with caproic acid (80 nmol)
as the internal standard, acidified with the addition of
1 ml H2SO4 (0·36 mol/l) and extracted with diethyl ether
(0·8 ml). SCFA in the diethyl ether extract were measured
by GC with a flame ionisation detector according to the
method of Lepage & Roy (1986). The pH of each faecal
suspension was measured. For the measurement of b-glu-
cosidase and b-glucuronidase activities, the faecal suspen-
sions were diluted to a final concentration of 200 ml/l in
phosphate buffer at a pH value similar to that recorded
for each faecal suspension. The suspensions were incu-
bated aerobically at 378C with p-nitrophenyl-b-D-glucopyr-
anoside (3 mmol/l) or p-nitrophenyl-b-D-glucuronide
(3 mmol/l) (Sigma-Aldrich Co., Poole, UK), respectively.

Release of p-nitrophenol was measured spectrophotometri-
cally over time and used as the measure of enzyme activity
according to the method of Wise et al. (1982).

Statistical analysis

SPSS/PC version 9.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. Comparisons between the
groups were made using independent t tests.

Results

The ages, heights and weights of the infants and children
that participated in the present study are shown in Table
1. There were no significant differences between the soya
and control groups of infants and children, in terms of
age, weight and height, except for the 4–6 month
groups, where the heights of the cows’-milk formula-fed
infants were significantly lower (P,0·05) than those of
the soya-based infant formula-fed infants (Table 1).
There were no significant differences between the soya
and control groups in terms of dietary macronutrient
intake (Table 2).

Table 3 shows the isoflavone aglycone content of the
infant formulas that had been fed to the infants participat-
ing in the study. In the majority of the cows’-milk formula
powders, isoflavones were not detected and, if present,
were below the limit of detection (0·5 mg/kg dry powder)
(Table 3). Two of the cows’-milk formulas (C and H)
contained small amounts of isoflavones (1·2 and 2·1 mg
aglycone equivalents/kg respectively) (Table 3). The

Table 2. Nutrient intakes of the soya- and control-group subjects

(Mean values and standard deviations)

Energy (MJ/d) Fat (g/d) CHO (g/d) Protein (g/d) NSP (g/d)

Age Group* Mean SD Mean SD Mean SD Mean SD Mean SD

4–6 months Soya 2·9 0·41 26·5 4·7 94·0 10·6 20·3 4·2 2·8 1·6
Control 2·7 0·49 27·4 3·5 86·8 18·1 18·6 6·7 2·4 1·7

7–12 months Soya 3·5 0·78 33·8 11·2 108·2 14·7 28·4 10·4 4·0 1·1
Control 3·4 0·59 30·6 7·2 107·1 14·1 28·8 10·6 4·5 1·8

1–3 years Soya 4·1 0·68 37·5 9·5 136·5 21·1 32·3 8·9 5·4 1·2
Control 3·6 0·94 36·7 11·9 108·4 27·9 31·4 10·4 5·5 2·4

3–7 years Soya 4·6 1·3 39·7 13·2 158·3 50·6 27·8 8·2 7·6 2·4
Control 5·1 0·93 46·9 12·7 169·7 30·2 39·5 11·4 6·4 2·9

CHO, carbohydrate.
* There were no significant differences between the soya and control groups.

Table 1. Age, height and weight of infants and children in the soya and control groups for the different age groups

(Mean values and standard deviations)

Age (months) Height (m) Weight (kg)

Subjects (n) Soya Control Soya Control Soya Control

Age group Soya, all Control, all Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

4–6 months 7 7 5·9 0·6 5·1 1·1 0·677 0·031 0·636 0·035* 8·0 1·1 7·1 0·7
7–12 months 7 9 9·4 1·0 9·7 1·5 0·730 0·022 0·736 0·034 9·1 0·6 10·2 1·3
1–3 years 6 8 19·3 6·2 23·3 8·9 0·844 0·077 0·893 0·087 11·5 2·6 14·2 3·0
3–7 years 10 6 62·0 13·3 50·2 10·8 1·045 0·114 1·048 0·080 19·0 5·8 17·6 1·9

* Mean value was significantly different to that for the soya group (t test) (*P,0·05).
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three soya-based infant formulas contained large quantities
of genistein, daidzein and glycitein, (predominantly in the
form of the glycosides, genistin, daidzein and glycitin).
The relative proportions of the isoflavones were consistent
between the three soya-based infant formulas (Table 3);
genistein was the most abundant and formed 63 (SD 5) %
of the total, whereas daidzein and glycitein formed 27
(SD 1) and 10 (SD 5) %, respectively, of the total.

The isoflavone intake in soya-based infant formula was
estimated for the soya-group infants aged 4–6 months
old. The consumption of soya-based infant formula by
these infants ranged between 341 and 625 ml/d (526 (SD

110) ml/d). Intakes of isoflavones (as aglycone equivalents)
ranged between 17·5 and 33·0 mg/d (28 (SD 6) mg/d). On a
body weight (bw) basis, this intake equates to 1·7–4·4 mg/
kg bw per d (3·6 (SD 1·2) mg/kg bw per d).

For those infants (aged 4–6 months) fed cows’-milk for-
mula, an estimation of isoflavone content was carried out
for those infants fed cows’-milk formula H, which was
one of only two cows’-milk formula found to contain
isoflavones, although at low concentrations, and contained

the highest amounts by about 2-fold (see earlier; p. 610).
The consumption of this formula milk ranged between
497 and 824 ml/d (654 (SD 164) ml/d). For those infants
(aged 4–6 months) fed cows’-milk formula, the isoflavone
intake ranged between 0·16 and 0·27 mg/d (0·21 (SD 0·1)
mg/d), equivalent to 0·02–0·03 mg/kg bw per d (0·028
(SD 0·006) mg/kg bw per d).

Table 4 shows the genistein, glycitein, daidzein, O-DMA
and equol concentrations in urine from the infants and chil-
dren in the soya and control groups. Infants in the age
group (4–6 months) that consumed soya-based infant for-
mula exhibited significantly higher urinary concentrations
of genistein (P,0·01), glycitein, daidzein and O-DMA
(P,0·001) than the control group (Table 4). In the con-
trol-group infants aged 4–6 months old, isoflavonoids in
urine were very low or not detected (Table 4).

In contrast to the proportions of the isoflavones in the
soya-based infant formulas (Table 3), daidzein and genis-
tein were present in urine in approximately similar concen-
trations, with glycitein present at considerably lower
concentrations (Table 4). In the youngest (4–6 months)

Table 3. Isoflavone content (as aglycone equivalents) of soya-based infant formulas and cows’-milk formulas*

Isoflavone aglycone equivalents

Daidzein Genistein Glycitein

Infant
formula mg/kg

% Total
isoflavones mg/kg

% Total
isoflavones mg/kg

% Total
isoflavones

Total
(mg/kg)

Cows’-milk formulas
A Nd Nd Nd Nd
B Nd Nd Nd Nd
C Nd 0·7 0·5 1·2
D Nd Nd Nd nd
E Nd Nd Nd nd
F Nd Nd Nd nd
G Nd Nd Nd nd
H Nd 2·1 Nd 2·1

Soya-based formulas
A 93 26·8 232 67·1 21 6·1 346
B 67 26·5 146 57·9 39 15·5 252
C 98 29 217 64·2 23 6·8 338

Nd, not detected.
* For details of procedures, see p. 609.

Table 4. Genistein, glycitein, daidzein, O-desmethylangolensin (O-DMA) and equol concentrations in spot urine samples (mg/mg creatinine)
from infants and children in the soya and control groups†

(Mean values and standard deviations)

Genistein Glycitein Daidzein O-DMA Equol

Age Group Soya challenge Mean SD Mean SD Mean SD Mean SD Mean SD

4–6 months Soya No 65* 53 15** 7 60** 32 8** 16 0·05 0·10
Control No Nd 0·02 0·04 Nd 0·02 0·04 Nd

7–12 months Soya No 13 12 4 3 14 10 1 2 0·03 0·06
Control Yes 41 53 0·2 0·2 36 38 0·9 0·2 Nd

1–3 years Soya Yes 6 7 1 3 10 11 5 7 0·03 0·08
Control Yes 13 12 0·04 0·05 13 17 3 4 0·3 0·6

3–7 years Soya Yes 6 6 0·2 0·1 8 6 1 1 0·01 0·04
Control Yes 4 4 0·1 0·1 6 8 1 2 Nd

Nd, not detected.
* Mean value was significantly different to that for the control infants (t test): *P,0·01, **P,0·001.
† For details of subjects and procedures, see Tables 1 and 2 and p. 609.
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age group, all the infants excreted genistein, daidzein and
glycitein in their urine, 75 % of soya-based infant for-
mula-fed infants excreted detectable amounts of O-DMA
and 25 % excreted equol.

In the older age groups (7 months–7 years), O-DMA
was found in the urine samples of 75 % of the soya
group and 50 % of the control infants, after the soya chal-
lenge. Equol excretion was detected in 19 % of the soya-
group infants and children, and in only 5 % of the control
subjects. In the oldest (3–7 years old) children, the pro-
portion excreting O-DMA and equol was similar in both
the soya and control groups (67 % compared with 71 %
and 14 % compared with 16 %).

In the soya-based infant formula-fed subjects, across all
the age groups, the majority of subjects (75 %) excreted O-
DMA, although the amounts varied between 0·2 and 32mg/
mg creatinine. As a percentage of the total urinary isoflavo-
noids, O-DMA contributed between 0·1 and 40 % with a
mean of 16·8 (SD 12·8) %. Equol was detected in only
20 % of subjects (0·2 (SD 0·06) mg/mg creatinine) in the
soya-based infant formula-fed infants and children.

In the cows’-milk formula-fed subjects, across all the
age groups, 50 % of subjects given a soya challenge
excreted O-DMA, with a slightly narrower range of urinary
concentrations (0·1–11mg/mg creatinine) than that seen in
the soya-based infant formula-fed subjects. When
expressed as a percentage of total isoflavonoid excretion,
O-DMA contributed between 1 and 60 % with a mean
value of 16·2 (SD 18·5) %. Equol was detected in only
4 % of the control-group subjects given a soya challenge.

Table 5 shows the bacterial composition of faecal
samples from the soya-based infant formula-fed and the
cows’-milk formula-fed infants, measured by fluorescent
in situ hybridisation. The total bacterial count in faecal
samples from the soya-based infant formula-fed infants
was significantly lower (P,0·001) than that for the
cows’-milk formula-fed infants (Table 5). This difference
between the soya-based infant formula-fed and the cows’-
milk formula-fed infants was reflected in all four major
groups of bacteria studied: bifidobacteria, bacteroides,
clostridia group, and lactobacilli þ enterococci. The
bacterial count in faecal samples from the soya-based

infant formula-fed infants for bifidobacteria was
significantly lower (P,0·001) than that for the cows’-
milk formula-fed infants, and the bacterial count for the
bacteroides and clostridia groups were again significantly
lower (P,0·05) for the soya-based formula-fed infants
compared with the cows’-milk formula-fed infants. The
bacterial count for the lactobacilli þ enterococci group,
however, did not differ between the groups (Table 5).

Table 6 shows faecal metabolic activities (NH3 concen-
tration, b-glucosidase and b-glucuronidase activity) and
pH in faecal samples from the soya-based infant formula-
fed and the cows’-milk formula-fed infants in the 4–12-
month subgroup. There were no significant differences
between the groups. Table 7 shows the SCFA concentrations
in faecal samples from the soya-based infant formula-fed
and the cows’-milk formula-fed infants. There were no sig-
nificant differences between the groups (Table 7).

Discussion

Three types of soya-based infant formulas were consumed
by the infants in the present study, although the majority of
these infants consumed soya-based infant formula C. These
three formulas had a similar profile of isoflavone content.
The predominant isoflavone in all the formulas was genis-
tein, which comprised about 60 % of the total. Of the

Table 5. Bacterial composition of faecal samples from soya-based
formula (SBF)-fed and cows’-milk formula (CMF)-fed infants in the
4–12-month subgroup†

(Mean values and standard deviations)

Bacterial
count
(bacteria/
g faeces)

SBF (n 10) CMF (n 14)

Mean SD Mean SD

Total count 3·9 £ 1010 1·6 £ 1010 7·9 £ 1010** 1·6 £ 1010

Bifidobacteria 3·1 £ 109 3·9 £ 109 2·5 £ 1010** 2·5 £ 1010

Bacteroides 5·0 £ 108 25·2 £ 108 6·3 £ 109* 3·2 £ 109

Lactobacillus þ
enterococcus

1·5 £ 107 6·3 £ 107 6·3 £ 107 10 £ 107

Clostridia 7·9 £ 107 12·5 £ 107 7·9 £ 108* 2·5 £ 108

Mean value was significantly different to that for the SBF-fed infants (t test):
*P,0·05, **P,0·001.

† For details of subjects and procedures, see Tables 1 and 2 and pp. 609–
610.

Table 7. Short-chain fatty acid (SCFA) concentrations (mmol/g) in
faecal samples from soya-based formula (SBF)- and cows’-milk for-
mula (CMF)-fed infants in the 4–12-month subgroup*

(Mean values and standard deviations)

SBF (n 13) CMF (n 15)

SCFA† Mean SD Mean SD

Acetic 29·7 12·3 32·3 13·5
Propionic 6·4 6·0 7·0 4·2
n-Butyric 7·1 6·5 6·2 4·5
Isobutyric 0·72 0·44 0·66 0·48
Isovaleric 1·2 0·80 1·2 0·86
Valeric 0·40 0·51 0·14 0·17
Total SCFA 45·4 21·1 47·5 18·1

* For details of subjects and procedures, see Tables 1 and 2 and p. 610.
† There were no significant differences between the soya and control groups.

Table 6. Faecal bacterial metabolic activities and pH in soya-based
formula (SBF)- and cows’-milk formula (CMF)-fed infants in the
4–12-month subgroup*

(Mean values and standard deviations)

SBF (n 13) CMF (n 15)

Metabolic activity† Mean SD Mean SD

NH3 concentration
(mmol/g)

23·2 11·5 25·7 12·7

b-Glucuronidase activity
(mmol/h per g)

17·0 8·2 11·1 9·2

b-Glucosidase activity
(mmol/h per g)

24·2 11·4 22·0 10·6

pH 6·7 0·6 6·7 0·7

* For details of subjects and procedures, see Tables 1 and 2 and p. 610.
† There were no significant differences between the soya and control groups.
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cows’-milk formulas analysed, only two were found to
contain isoflavones and these were present in very small
quantities (,2 mg/kg dry powder).

The soya-based infant-formula intake of the infants (aged
4–6 months) was very similar (about 600 ml/d), resulting in
a mean exposure to isoflavones of 3·7 mg/kg per d. These
values are consistent with previous data on similar numbers
of subjects from the UK (mean isoflavonoid intake 4–5 mg/
kg per d; Committee on Toxicity of Chemicals in Food,
Consumer Products and the Environment 1996, 1998) and
New Zealand (2·9–3·8 mg/kg per d; Irvine et al. 1998b).
Values reported for US infants are slightly higher
(5–12 mg/kg per d; Murphy et al. 1997; Setchell et al.
1998). The intake values for infants fed soya-based infant
formulas are approximately four to five times that of
adult soya consumers (estimated at less than 1 mg/kg per
d; Adlercreutz et al. 1991; Coward et al. 1993).

In contrast, the infants fed cows’-milk formula had neg-
ligible isoflavone intake, with a maximum exposure to iso-
flavones of 0·03 mg/kg per d, over 100-fold lower than that
of soya-based infant formula-fed infants.

The urinary excretion data indicate that the isoflavones
are readily absorbed from the gut even in infants in the
youngest (4–6 month) age group. In this age group, in
the absence of a soya challenge, isoflavones could not be
detected in the urine of the cows’-milk formula-fed infants.
Approximately equal amounts of daidzein and genistein
were excreted in urine in the youngest infants, which con-
trasted with the relative proportions of these two isofla-
vones in the soya-based infant formulas, where genistein
was present at twice the concentration of daidzein. These
results are consistent with the limited data available from
a previous study (Irvine et al. 1998a) on relatively small
numbers of infants, which reported daidzein concentrations
similar to or higher than that of genistein.

The ability of the intestinal microflora of the developing
infant to metabolise isoflavones can be assessed from the
urinary excretion results. It is clear that the ability to con-
vert daidzein to O-DMA is acquired at an early stage in
development, because the metabolite was detected in the
urine of 75 % of the 4–6-month-old soya-based infant for-
mula-fed infants; in one infant it comprised 29 % of the
total urinary isoflavonoids. In the control group of infants
and children, O-DMA excretion was detected in a smaller
proportion of the older age groups (ages 7 months–7 years)
than in the corresponding soya groups (50 % compared
with 75 %).

The other daidzein metabolite, equol, was detected in
urine from only 20 % of subjects in the soya group,
across all ages, and in only 5 % of subjects in the control
group following the soya challenge. This frequency is
much lower than that which has been consistently found
in adults consuming soya (approximately 35 %; Morton
et al. 1994; Lampe et al. 1998; Rowland et al. 2000;
Setchell et al. 2003a), suggesting that the organisms that
confer the ability to produce equol are not acquired until
later in life. It is difficult to compare data on urinary
excretion with the plasma levels measured by Setchell
et al. (1997), but the latter reported that equol concen-
trations in the plasma of soya-based infant formula-fed
infants were extremely low.

In the oldest (3–7-years-old) children, the proportion
excreting O-DMA and equol was similar in both the soya
and control groups (67 % compared with 71 % and 14 %
compared with 16 %), indicating that by this age, there is
no effect of exposure to isoflavones in early infancy.
This suggests that there is no lasting effect on isoflavone
metabolism of early-life isoflavone exposure.

Fermentable load, i.e. dietary fibre, is known to influence
bacterial populations and metabolism. Using an in vitro
model of human colonic fermentation it has been shown
that the metabolism of daidzein to equol by cultured
human microflora can be influenced by the conditions
used (Setchell & Cassidy, 1999; Setchell et al. 2002a). A
high NSP content, which stimulates bacterial fermentation,
resulted in a rapid conversion of daidzein to equol, whereas
under conditions that mimicked low carbohydrate intake,
equol was not formed. A study of twenty-four healthy
adults (Rowland et al. 2000) found that good equol produ-
cers consumed less fat as a percentage of energy compared
with poor equol producers 26 (SD 2·3) v. 35 (SD 1·6) % and
more carbohydrates 55 (SD 2·9) v. 47 (SD 1·7) %. Lampe
et al. (1998) similarly showed that women but not men
who were good equol producers consumed a significantly
higher percentage of energy as carbohydrate compared
with poor equol producers, and they also consumed more
plant protein and dietary fibre. It was suggested that,
when consumed by women, dietary fibre or associated
components of a high-fibre diet promote the growth and/
or the activity of the bacterial populations responsible for
equol production in the colon (Lampe et al. 1998). A
later study (Lampe et al. 2001), however, showed no
effect on urinary equol excretion, when dietary fibre
intake was doubled by the consumption of 16 g wheat
bran/d, although this increase in dietary fibre may be insuf-
ficient to significantly modulate intestinal bacterial popu-
lations. The observed increase in the ability to produce
equol and O-DMA with increasing age, in the soya-group
and control-group (following soya challenge) infants and
children in the present study, may thus be partly related
to the increase, with increasing age, in the dietary fibre
content of the diets of both the soya-group and control-
group infants and children. The NSP content of the diets
increased from 2·8 (SD 1·6) and 2·4 (SD 1·7) g/d for the
soya-group and control-group infants, respectively, in the
youngest age group (4–6 months) to 7·6 (SD 2·4) and 6·4
(SD 2·9) g/d for the soya-group and control-group children,
respectively, in the oldest (3–7 years) age group. The daily
NSP intake in this oldest age group is only around one half
the value we found for healthy adults, approximately 15 g/d
(Rowland et al. 2000), which may also contribute to the
lower frequency of equol producers observed in the present
study compared with in adults (approximately 15 % com-
pared with 35 %).

To evaluate the influence of soya-based infant-formula
feeding on gut health-related, bacterial composition of
the faecal flora and on certain aspects of bacterial metab-
olism, we focused on a subgroup of the infants aged
4–12 months old, which is a period when there are
known to be major changes in the gut microflora
(Heavey & Rowland, 1999). In this subgroup, the soya-
based infant formula-fed infants had significantly lower
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(P,0·001) total numbers of bacteria than the cows’-milk-
fed infants and this difference was consistent across all the
four main groups of bacteria studied although the values
for lactobacilli þ enterococci were not significant. There
was a significant difference (P,0·001) in bifidobacteria
numbers, approximately 10-fold lower in the soya-based
infant formula-fed infants compared with the cows’-milk
formula-fed infants (4–12 months old). Bifidobacteria are
considered to be of particular importance for gut health
(Heavey & Rowland, 1999).

In addition to measuring the bacterial composition of the
faecal microflora, a number of bacterial metabolic activi-
ties and endpoints (for example, SCFA concentrations)
were measured. Such metabolic activities and endpoints
can provide more sensitive indicators of changes in bac-
terial flora in the gut than bacterial counts (Rowland et al.
1985). SCFA are considered to be important factors in gut
health, by keeping the gut contents acidified, preventing
colonisation by pathogenic bacteria (Gibson & Roberfroid,
1995). However, there was no significant difference in
faecal SCFA concentrations or pH between the soya-
based infant formula-fed and cows’-milk formula-fed
infants (4–12 months old). NH3, a protein degradation pro-
duct, which is generated by gut bacterial action on protein,
amino acids and urea in the gut, has a number of adverse
effects on the intestinal mucosa, including a reduction in
epithelial life span, altered DNA synthesis and disruption
of intermediary metabolism (Visek, 1978). There were,
however, no significant differences in faecal NH3 concen-
tration or in faecal bacterial b-glucosidase and b-glucuro-
nidase activity between the soya-based infant formula-fed
and the cows’-milk formula-fed infants (4–12 months
old). These enzymes are inducible by their substrates and
it might have been expected that an increase in b-glucosi-
dase activity would be observed in the soya-based infant
formula-fed infants compared with the controls, in
response to the considerable soya isoflavone glucoside con-
sumption by the soya group (Rowland et al. 2003). Follow-
ing the consumption of isoflavones and their subsequent
conjugation and excretion in bile, although higher levels
of glucuronide conjugates of isoflavones are likely to
have been present in the colon of the soya-based infant
formula-fed infants compared with the controls, increased
b-glucuronidase activity might not be expected in the
soya-based infant formula-fed infants. This is because a
number of other endogenous glucuronidated metabolites,
such as sterols, are also likely to be present. However, as
the total numbers of bacteria in the faecal flora were
lower in the soya-based infant formula-fed infants com-
pared with the controls, the activities of faecal bacterial
b-glucosidase and b-glucuronidase do appear to be
higher in the soya-based infant formula-fed infants com-
pared with the controls, thus suggesting that these enzymes
were induced in some bacteria. As b-glucuronidase can
additionally hydrolyse glucuronide conjugates of ingested
toxicants, releasing potentially toxic aglycones in the
colon, and similarly b-glucosidase can hydrolyse glucoside
conjugates found in plants releasing biologically active
phytochemicals that may be beneficial or harmful, depend-
ing on the phytochemical ingested, greater b-glucuronidase
activity could exert damaging effects on the host and thus

have adverse health consequences. However, greater
b-glucosidase activity could result in either beneficial or
harmful health consequences (Rowland, 1992; Gangolli
& Rowland, 1999).

In conclusion, therefore, the present data have shown
that infants aged 4–6 months fed soya-based infant for-
mulas excreted considerable quantities of genistein, daid-
zein and glycitein in urine, indicating that the compounds
are well absorbed. As the hydrolysis of isoflavone gluco-
sides to aglycones by glucosidases is required for absorp-
tion (Setchell et al. 2002b; Rowland et al. 2003), the
results suggest that hydrolytic ability develops by or
before 4–6 months of age. In the cows’-milk formula-fed
infants (not given a soya challenge), in this age group
the isoflavones were undetectable reflecting the low to
undetectable levels of the compounds in the formulas.
The majority of the soya-based infant formula-fed infants
(including those under 6 months) and about one half of
the cows’-milk formula-fed group (after a soya challenge)
were capable of converting daidzein to O-DMA. In con-
trast, conversion of daidzein to equol was seen in very
few children even in the oldest (3–7 years) age group.
The results indicate that there appears to be no lasting
effect of early-life isoflavone exposure on isoflavone
metabolism. These findings have important developmental
implications for isoflavone bioavailability.

The results also suggest that the type of infant formula
milk consumed influences the microbial composition of
the infant gut microflora, with soya-based infant-formula-
fed infants (4–12 months) having significantly lower
total bacteria counts and bifidobacteria counts (P,0·001)
and bacteroides and clostridia counts (P,0·05) than
cows’-milk formula-fed infants in the same age group
(4–12 months old).

Acknowledgements

The present study was supported by the UK Food Stan-
dards Agency Phytoestrogen Research Programme (project
T05011 to H. W. and I. R. R.). Although this work has
been funded by the UK Food Standards Agency, any
opinions expressed herein represent the personal views of
the authors and are not policy statements of the Agency.

References

Adlercreutz H (2002) Phyto-oestrogens and cancer. Lancet Oncol
3, 32–41.

Adlercreutz H, Fotsis T, Bannwart C, Wahala K, Brunow G &
Hase T (1991) Isotope dilution gas chromatographic-mass
spectrometric method for the determination of lignans and iso-
flavonoids in human urine, including identification of genistein.
Clinica Chimica Acta 119, 263–278.

Arora A, Nair NG & Strasburg GM (1998) Antioxidant activities
of isoflavones and their biological metabolites in a liposomal
system. Arch Biochem Biophys 356, 133–141.

Badger TM, Ronis MJ, Hakkak R, Rowlands JC & Korourian S
(2002) The health consequences of early soya consumption.
J Nutr 132, 559S–565S.

Barnes S (2001) Oestrogens and their promiscuous receptors:
confronting reality. Biochem Soc Trans 29, 231–236.

Committee on Toxicity of Chemicals in Food, Consumer Products

L. Hoey et al.614

https://doi.org/10.1079/BJN
20031083  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN20031083


and the Environment (1996) Levels of Plant Oestrogens in the
Diets of Infants and Toddlers. London, UK: MAFF.

Committee on Toxicity of Chemicals in Food, Consumer Products
and the Environment (1998) Levels of Plant Oestrogens in the
Diets of Infants and Toddlers. London, UK: MAFF.

Coward L, Barnes NC, Setchell KDR & Barnes S (1993)
Genistein, daidzein and their b-glycoside conjugates: antitumor
isoflavones in soyabean foods from American and Asian diets.
J Agric Food Chem 41, 1961–1967.

Gangolli SD & Rowland IR (1999) Role of gastrointestinal flora
in the metabolic and toxicological activities of xenobiotics.
In General and Applied Toxicology, pp. 561–576 [TC Marrs,
T Syverson and B Ballantyne, editors]. London: Macmillan
Publisher Ltd.

Gibson GR & Roberfroid MB (1995) Dietary modulation of the
human colonic microbiota: introducing the concept of prebio-
tics. J Nutr 125, 1401–1412.

Harmsen HJM, Gibson GR, Elfferich P, Raangs GC, Wildeboer-
Veloo AC, Argaiz A, Roberfroid MB & Welling GW (1999)
Comparison of viable cell counts and fluorescence in situ
hybridization using specific rRNA-based probes for the
quantification of human fecal bacteria. FEMS Microbiol Lett
183, 125–129.

Heavey P & Rowland I (1999) The gut microflora of the
developing infant: microbiology and metabolism. Microb
Ecol Health Dis 11, 75–83.

Hodgson JM, Croft KD, Puddey IB, Mori TA & Beilin LJ (1996)
Soybean isoflavonoids and their metabolic products inhibit in
vitro lipoprotein oxidation in serum. J Nutr Biochem 7,
664–669.

Ingram D, Sanders K, Kolybaba M & Lopez D (1997) Case
control study of phyto-estrogens and breast cancer. Lancet
350, 990–994.

Irvine CH, Shand N, Fitzpatrick MG & Alexander SL (1998a)
Daily intake and urinary excretion of genistein and daidzein
in infants fed soy- or dairy-based infant formulas. Am J Clin
Nutr 68, 1462S–1465S.

Irvine CHG, Fitzpatrick MG & Setchell KDR (1998b)
Phytoestrogens in soy-based infant foods: concentrations,
daily intake and possible biological effects. Proc Soc Exp
Biol Med 217, 247–253.

Jenkins DJA, Kendall CWC, Garsetti M, et al. (2000) Effect of
soy protein foods on low-density lipoprotein oxidation and ex
vivo sex hormone activity – a controlled crossover trial.
Metabolism 49, 537–543.

Lampe JW, Karr SC, Hutchins AM & Slavin JL (1998) Urinary
equol excretion with a soy challenge: influence of habitual
diet. Proc Soc Exp Biol Med 217, 335–339.

Lampe JW, Skor HE, Li S, Wahala K, Howald WN & Chen C
(2001) Wheat bran and soy protein feeding do not alter urinary
excretion of the isoflavone equol in premenopausal women.
J Nutr 131, 740–744.

Lepage G & Roy CC (1986) Direct transesterification of all
classes of lipid in a one step reaction. J Lipid Res 27, 114–120.

Lu LJ, Broemeling LD, Marshall MV & Ramanujam VM (1995)
A simplified method to quantify isoflavones in commercial soy-
bean diets and human urine after legume consumption. Cancer
Epidemiol Biomarkers Prev 4, 497–503.

Markiewicz L, Garey J, Adlercreutz H & Gurpide E (1993) In
vitro bioassays of non-steroidal phytoestrogens. J Steroid Bio-
chem 45, 399–405.

Mendez MA, Anthony MS & Arab L (2002) Soy-based
formulae and infant growth and development. J Nutr 132,
2127–2130.

Mitchell JH, Gardner PT, McPhail DB, Morrice PC, Collins AR
& Duthie GG (1998) Antioxidant efficacy of phytoestrogens

in chemical and biological model systems. Arch Biochem Bio-
phys 360, 142–148.

Morton MS, Wilcox G, Wahlqvist M & Griffiths K (1994)
Determination of lignans and isoflavonoids in human female
plasma following dietary supplementation. J Endocrinol 142,
251–259.

Murphy PA, Song T, Buseman G & Barua K (1997) Isoflavones
in soy-based infant formulas. J Agric Food Chem 45,
4635–4638.

Rowland I, Faughnan M, Hoey L, Wahala K, Williamson G &
Cassidy A (2003) Bioavailability of phyto-oestrogens. Br J
Nutr 89, Suppl., S45–S58.

Rowland IR (1992) Metabolic interaction in the gut. In Probio-
tics: the Scientific Basis, pp. 29–53 [R Fuller, editor].
London: Chapman and Hall.

Rowland IR, Mallett AK & Wise A (1985) The effect of diet on
the mammalian gut flora and its metabolic activities. Crit Rev
Toxicol 16, 31–103.

Rowland IR, Wiseman H, Sanders TAB, Adlercreuz H &
Bowey EA (2000) Interindividual variation in metabolism of
soy isoflavones and lignans: influence of habitual diet on
equol production by the gut microflora. Nutr Cancer 36,
27–32.

Setchell KDR, Brown NM, Desai PB, Zimmer-Nechemias L,
Wolfe B, Jakate AS, Creutzinger V & Heubi JE (2003a) Bioa-
vailability, disposition and dose-response effects of soy isofla-
vones when consumed by healthy women at physiologically
typical dietary intakes. J Nutr 133, 1027–1035.

Setchell KDR, Brown NM & Lydeking-Olsen E (2002a)
The clinical importance of the metabolite equol - a clue to
the effectiveness of soy and its isoflavones. J Nutr 132,
3577–3584.

Setchell KDR, Brown NM, Zimmer-Nechemias L, Brashear WT,
Wolfe BE, Kirschner AS & Heubi JE (2002b) Evidence for
lack of absorption of soy isoflavone glycosides in humans,
supporting the crucial role of intestinal metabolism for bioa-
vailability. Am J Clin Nutr 76, 447–453.

Setchell KDR & Cassidy A (1999) Dietary isoflavones:
biological effects and relevance to human health. J Nutr 129,
758S–767S.

Setchell KDR, Faughnan MS, Avades T, et al. (2003b)
Comparing the pharmacokinetics of daidzein and genistein with
the use of 13C-labeled tracers in premenopausal women. Am
J Clin Nutr 77, 411–419.

Setchell KDR, Nechemias L, Cai J & Heubi JE (1997) Exposure
of infants to phytoestrogens from soy-based infant formula.
Lancet 350, 23–27.

Setchell KDR, Zimmer-Nechemias L, Cai J & Heubi JE (1998)
Isoflavone content of infant formulas and the metabolic fate
of these phytoestrogens in early life. Am J Clin Nutr 68,
1453S–1461S.

Solorzano L (1969) Determination of ammonia in natural waters
by the phenol-hypochlorite method. Limnol Oceanogr 14,
799–801.

Tikkanen MJ, Wahala K, Ojala S, Vihma V & Adlercreutz H
(1998) Effect of soybean intake on low density lipoprotein
(LDL) oxidation resistance. Proc Natl Acad Sci USA 95,
3106–3110.

Visek WJ (1978) Diet and cell growth modulation by ammonia.
Am J Clin Nutr 31, S216–S220.

Wang HJ & Murphy PA (1994) Isoflavone content in commercial
soybean foods. J Agric Food Chem 42, 1666–1673.

Watanabe S, Yamaguchi M, Sobue T, Takahashi T, Miura T,
Arai Y, Mazur W, Wahala K & Adlercreutz H (1998) Pharma-
cokinetics of soyabean isoflavones in plasma, urine and feces of
men after ingestion of 60 g baked soybean powder (kinako).
J Nutr 128, 1710–1715.

Soya isoflavone gut microflora metabolism 615

https://doi.org/10.1079/BJN
20031083  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN20031083


Wise A, Mallet AK & Rowland IR (1982) Dietary fibre, bacterial
metabolism and toxicity of nitrate in rat. Xenobiotica 12,
111–118.

Wiseman H (2000) The therapeutic potential of phytoestrogens.
Expert Opin Investig Drugs 9, 1829–1840.

Wiseman H, Casey K, Clarke DB, Barnes KA & Bowey E (2002)
Isoflavone aglycon and glucoconjugate content of high- and

low-soy U.K. foods used in nutritional studies. J Agric Food
Chem 50, 1404–1410.

Wiseman H, O’Reilly JD, Adlercreutz H, Mallet AI, Bowey EA,
Rowland IR & Sanders TA (2000) Isoflavone phytoestrogens
consumed in soy decrease F2-isoprostane concentrations and
increase resistance of low-density lipoprotein to oxidation in
humans. Am J Clin Nutr 72, 395–400.

L. Hoey et al.616

https://doi.org/10.1079/BJN
20031083  Published online by Cam

bridge U
niversity Press

https://doi.org/10.1079/BJN20031083

