
ABSTRACT Soy-based infant formulas have been in use for
>30 y. These formulas are manufactured from soy protein
isolates and contain significant amounts of phytoestrogens of the
isoflavone class. As determined by HPLC, the isoflavone
compositions of commercially available formulas are similar
qualitatively and quantitatively and are consistent with the
isoflavone composition of soy protein isolates. Genistein, found
predominantly in the form of glycosidic conjugates, accounts for
>65% of the isoflavones in soy-based formulas. Total isoflavone
concentrations of soy-based formulas prepared for infant feeding
range from 32 to 47 mg/L, whereas isoflavone concentrations in
human breast milk are only 5.6± 4.4 mg/L (x– ± SD, n = 9).
Infants fed soy-based formulas are therefore exposed to 22–45
mg isoflavones/d (6–11 mg· kg body wt21·d21), whereas the
intake of these phytoestrogens from human milk is negligible
(<0.01 mg/d). The metabolic fate of isoflavones from soy-based
infant formula is described. Plasma isoflavone concentrations
reported previously for 4-mo-old infants fed soy-based formula
were 654–1775 mg/L (x–: 979.7 mg/L; Lancet 1997:350;23–7),
significantly higher than plasma concentrations of infants fed
either cow-milk formula (x– ± SD: 9.4 ± 1.2 mg/L) or human
breast milk (4.7± 1.3 mg/L). The high steady state plasma
concentration of isoflavones in infants fed soy-based formula is
explained by reduced intestinal biotransformation, as evidenced
by low or undetectable concentrations of equol and other
metabolites, and is maintained by constant daily exposure from
frequent feeding. Isoflavones circulate at concentrations that are
13000–22000-fold higher than plasma estradiol concentrations
in early life. Exposure to these phytoestrogens early in life may
have long-term health benefits for hormone-dependent diseases.
Am J Clin Nutr1998;68(suppl):1453S–61S.
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INTRODUCTION

The increasing awareness that diet plays an important role in
many of the common diseases that afflict Western populations
(1) has led to the recognition that there are many classes of
bioactive nonnutrients in foods that may play a beneficial role in
disease prevention. Among these components are the dietary
estrogens, or phytoestrogens, of the isoflavone class (2–5).
These nonsteroidal estrogens have structural homology to

steroidal estrogens and are found in relatively high concentra-
tions in soybeans and all soy-protein products (6–8). The list of
biological properties associated with isoflavones is vast and
includes both hormonal and nonhormonal actions.

In addition to behaving as an estrogen agonist and antagonist
(3–5), one of the isoflavones, genistein, which is abundant as
glycosidic conjugates in soybeans (9), is a potent inhibitor of
tyrosine kinases (10) and can interfere with cell signal-transduc-
tion pathways (11). The myriad of biological properties associ-
ated with isoflavones provide plausible explanations for mecha-
nisms whereby a diet containing these bioactive dietary
estrogens may be of benefit in preventing many hormone-depen-
dent diseases, including cancer, osteoporosis, and cardiovascular
disease (2, 3, 12, 13). The hypocholesterolemic action of soy
protein is well established (14), although the effect is not entirely
attributable to the presence of isoflavones. Although there is con-
vincing evidence from many in vitro studies (15, 16) and from
studies of classic animal models of chemically induced breast
cancer (17–19) that isoflavones have anticancer effects, conclu-
sive data supporting a role for phytoestrogens in cancer preven-
tion in humans are scant (20). However, recent studies in humans
showed that a diet containing soy protein causes significant mod-
ifications to the menstrual cycle, including a prolongation in
cycle length and a suppression of the usual midcycle surge in
pituitary gonadotropins (21), effects that may be beneficial in
reducing risk for breast cancer. These endocrine effects are not
surprising given the high urinary and plasma concentrations of
isoflavones relative to estradiol found in adults ingesting modest
amounts of soy-protein foods (12, 22–25). Interestingly, all of
the above effects are abolished when soy proteins are devoid of
isoflavones (17, 26), and these observations have spurred con-
siderable consumer interest in the health benefits and utilization
of soyfoods in the Western diet.

Am J Clin Nutr1998;68(suppl):1453S–61S. Printed in USA. © 1998 American Society for Clinical Nutrition

Isoflavone content of infant formulas and the metabolic fate of
these phytoestrogens in early life1–4

Kenneth DR Setchell, Linda Zimmer-Nechemias, Jinnan Cai, and James E Heubi

1453S

1From the Clinical Mass Spectrometry Center, Children’s Hospital Med-
ical Center, Cincinnati.

2 These studies were published in part previously in Lancet
1997;350:23–7.

3Supported in part by funding from Wyeth Laboratories, Philadelphia;
Protein Technologies International Inc, St Louis; and the National Institutes
of Health (grant M01 RR-08084 for support of the General Clinical Research
Center of Children’s Hospital Medical Center, Cincinnati).

4Address reprint requests to KDR Setchell, Clinical Mass Spectrometry
Center, Children’s Hospital Medical Center, 3333 Burnet Avenue, Cincinnati,
OH 45229. E-mail: setck0@chmcc.org.

 by on N
ovem

ber 27, 2009 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org


Although most study is devoted to the beneficial effects of
phytoestrogens, their potential for causing deleterious or toxic
effects requires consideration. Several examples of negative
effects of mature animals consuming relatively large quantities
of dietary estrogens have been reported (27–29). The etiology of
reproductive dysfunction in clover disease in sheep (27) and
venoocclusive disease in captive cheetahs (29) was attributed to
the ingestion of diets containing an abundance of isoflavones.
However, species differences in metabolic handling or the huge
doses and prolonged exposure account for these negative effects.
These findings and concerns about the possible effects of envi-
ronmental toxins, such as polychlorinated biphenyls and struc-
turally related compounds (30, 31), not surprisingly have led to
questions regarding the safety of dietary estrogens (32).

Although there is little evidence to suggest that ingestion of
isoflavones in amounts consistent with those present in most soy-
protein foods (0.1–4.0 mg/g) has any adverse effects in humans,
the potential for these compounds to create steroid hormone
imbalances or to compete for the normal steroid, drug, and xeno-
biotic metabolizing enzymes is presently unknown. Many issues
still need to be addressed. It is unclear whether patients with men-
strual cycle disorders, endometriosis, or estrogen-receptor-posi-
tive breast cancer may be disadvantaged by a diet rich in weakly
estrogenic compounds. Furthermore, the recent trend in the com-
mercialization of dietary supplements of soy isoflavones, with the
potential for self administration of large doses, is cause for con-
cern, especially given the paucity of data on dose-response effects
and safety of phytoestrogens in humans.

The safety of soy-based infant formulas has been debated
(33–35) because these infant foods, which are made from soy pro-
tein isolates, contain significant amounts of phytoestrogens (2, 36,
37), which are absorbed by infants and excreted in urine (38).
There are limited data on the exact composition of isoflavones in
soy-based infant formulas or on their metabolic fate in early life.
This overview summarizes and extends previously published stud-
ies on phytoestrogen exposure in early life (33, 34, 36–40).

SUBJECTS AND METHODS

All studies were approved by the Investigational Review
Board of the Children’s Hospital Medical Center, Cincinnati.

Phytoestrogen composition of infant formulas

The isoflavone composition of a selection of major commer-
cial brands of soy-based infant formulas was determined with
reversed-phase HPLC; data from these analyses were summa-
rized and reported previously (37). Specifics of the methods
used, not mentioned previously, are now discussed and a more
comprehensive presentation of the analytic findings is reported.
Isoflavones were extracted into ice-cold 80% methanol from
powdered and liquid formulas to minimize degradation of heat-
labile malonylglycosides. This extraction was performed under
sonication for 2 h in a sonic bath filled with ice water. After
lipids were removed by partitioning into hexane, individual
isoflavones and their conjugates were separated by gradient elu-
tion on a C8 column, detected by their absorption at 260 nm (6),
and quantified from the peak area response relative to the inter-
nal standard, with correction for differences in responses
between the internal standard and the individual isoflavones.
Pure standards of the malonyl- and acetylglycosides were
unavailable; therefore, the response factor of the corresponding

b-glycoside was used. Concentrations are expressed as mg
isoflavone/g for powdered formula and as g/L for liquid formu-
las. The actual concentration of the feed given to the infants was
calculated from the manufacturers’ instructions for preparation
of the infant formula.

The isoflavone composition of Nursoy powder formula
(Wyeth Laboratories, Philadelphia), Isomil powder formula and
Ready to Feed liquid formula (Ross Products Division Abbott
Laboratories, Columbus, OH), ProSobee liquid formula concen-
trate (Mead Johnson Nutritional Group, Evansville, IN), and All-
soy liquid formula concentrate (Carnation Nutritional Products
Division, Nestlé Food Company, Glendale, CA) was described.
In addition, samples of cow-milk formula (Similac; Ross Prod-
ucts Division Abbott Laboratories) were analyzed by HPLC.

Plasma concentrations of isoflavones in infants fed soy-based
formula, cow-milk formula, and human breast milk

Daidzein, genistein, equol, and desmethylangolensin were
measured in plasma samples from healthy, full-term, 4-mo-old
infants who had been exclusively fed (from the first week of life)
a typical soy-based infant formula, a cow-milk formula, or
human breast milk (37). Plasma isoflavone concentrations were
quantified by gas chromatography–mass spectrometry (GC-MS)
after liquid-solid extraction, enzymatic hydrolysis, liquid-gel
chromatographic isolation of the unconjugated isoflavones, and
conversion to the volatile tert-butyldimethylsilyl (t-BDMS) ether
derivatives. Selected ion monitoring of specific ions at m/z
(mass-to-charge ratio) 425 (daidzein and the internal standard,
dihydroflavone),m/z 555 (genistein),m/z 470 (equol),m/z 472
(dihydrodaidzein), and m/z543 (desmethylangolensin) afforded
detection of the individual isoflavones and metabolites; these
were quantified by comparing the ratio of the peak area response
of the characteristic ion with the peak area response for the inter-
nal standard and interpolating this ratio against a calibration
curve constructed from known amounts of the pure standards.

Phytoestrogen concentrations in human breast milk

Samples of aspirated human breast milk were analyzed by
GC-MS by the same method used for plasma isoflavone analysis
(37). To determine whether phytoestrogens can be transferred
from human breast milk to infants breast-fed by women con-
suming soyfoods, pilot studies were carried out in lactating
women consuming soy isoflavones. Breast milk was collected by
aspiration from 9 healthy, lactating women and from 1 woman
before and 3 d after she consumed 10 g toasted soy nuts (Express
Snacks; Hershey Import Company, Inc, Rahway, NJ) containing
3.0 mg total isoflavones/g.

RESULTS

A typical HPLC separation of individual isoflavones in a sam-
ple of soy-based infant formula is shown in Figure 1. Concen-
trations of individual isoflavones measured by HPLC are summa-
rized for the 5 different commercial infant formulas in Table 1.
From these data, the average intake of total isoflavones was cal-
culated and found to be related to the proportion of soy protein
isolate incorporated in the various soymilk formulas. Typical
volumes of milk consumed by infants over the first 4 mo of life
are shown in Table 2. For comparison, the concentrations of
isoflavones measured in 9 individual samples of human breast
milk are shown in Table 3. Plasma concentrations of daidzein,
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genistein, and equol in infants fed soymilk formula, cow-milk
formula, or breast milk are not reported here because these are
detailed in a previous publication (37) .

DISCUSSION

Composition of isoflavones in soy-based infant formulas

More than 50 y ago, genistein and its b-glycoside, genistin,
were isolated from soybeans (9, 41). Since then, many groups
have shown that soy-protein products contain variable but signi-
ficant amounts of isoflavones (6–8, 42, 43). It is therefore not
surprising that soy-based infant formulas contain phytoestrogens
(36, 37, 39, 40) because these infant foods are currently prepared
from soy protein isolates; earlier forms of some milk products,

however, used soy flour as the protein source and probably con-
tained higher concentrations of isoflavones.

The qualitative composition of isoflavones in all soy-based
infant formulas is remarkably similar (37) and is characterized
by the presence of a mixture of conjugated and unconjugated
isoflavones (Figure 1). The b-glycosides, genistin and daidzin,
and the 699-O-malonylglycosides and 699-O-acetylglycosides of
genistein and daidzein were the principal isoflavones identified
in all of the soy-based formulas (44–46). Glycitin is also present.
The aglycones daidzein and genistein typically account for
3.2–5.8% of the total isoflavones in soy-based formulas (37).
Although there are some differences in qualitative composition
between formulas, conjugates of genistein predominate in all
cases and account for >65% of the total isoflavones. The com-
position of all of the soy-based formulas examined is consistent
with the reported findings for soy protein isolates (42, 46).

The minor differences observed among the different types of
soy-based formulas relate mainly to differences in the relative
proportions of the malonyl- and acetylglycosides of daidzein and
genistein. The malonylglycosides are particularly heat labile and
decompose to their corresponding acetylglycosides, whereas the
b-glycosides, daidzin and genistin, are heat stable (46). Conse-
quently, the variability in composition among the individual
brands of formula is probably related to interbatch differences in
the isoflavone content of soybeans or to effects of processing
(47, 48), particularly with regard to the extent and duration of
heat exposure and changes in pH. The liquid formulas contained
slightly lower proportions of malonylglycosides, presumably
because of the heat sterilization step used in the manufacture of
these formulas. However, the temperatures typically used in the
processing or cooking of soy proteins or soyfoods do not sub-
stantially change the total amount of isoflavone present but may
affect the conjugation profile (25, 49).

Total mean values for isoflavone concentration expressed per
gram of formula were, as expected, higher in the powdered soy-

INFANT EXPOSURE TO ISOFLAVONES IN SOYMILK 1455S

FIGURE 1. A typical reversed-phase HPLC analysis of the phenolic fraction
of an extract of a powdered soy-based infant formula showing the composition
of isoflavones. Isoflavones were separated by gradient elution on a C8 column
and detected by absorption at 260 nm. The following isoflavones are
indicated: 1) daidzin, 2) glycitin, 3) genistin, 4) malonyldaidzin, 5)
acetyldaidzin,6) malonylgenistin,7) daidzein,8) acetylgenistin,9) genistein,
and 10) internal standard.

TABLE 1
Isoflavone composition of 5 commercially available soy-based infant formulas1

Powdered formulas Liquid formula

Nursoy Isomil ProSobee Isomil Allsoy
Isoflavone identified concentrate Ready to Feed concentrate

Aglycones (mg/g or mg/L)
Daidzein 7.4± 1.02 10.9± 2.1 2.2± 0.6 1.0± 0.1 0.9± 0.3
Genistein 6.2± 2.1 8.7± 1.2 1.0± 1.0 1.0± 0.1 1.2± 0.3

Conjugates (mg/L or mg/L)
Daidzin 61.2± 6.5 73.3± 8.2 27.4± 7.6 12.1± 0.2 15.7± 2.9
Daidzein 699-O-malonylglycoside — — — — —
Daidzein 699-O-acetylglycoside 10.2± 1.0 7.0± 1.1 — — 0.6± 0.4
Genistin 141.9± 18.7 149.6± 3.9 63.4± 15.6 25.6± 0.4 37.0± 5.4
Genistein 699-O-malonylglycoside 44.7± 6.2 32.9± 2.0 — — 1.7± 1.1
Genistein 699-O-acetylglycoside 26.4± 0.9 19.0± 1.3 — 1.2± 0.3 0.5± 0.2
Glycitin 13.2± 1.1 15.7± 2.1 6.2± 0.6 2.6± 0.1 6.1± 1.2

Total isoflavones (mg/g or g/L) 307.3± 27.8 316.9± 13.1 91.0± 18.2 43.5± 0.7 63.7± 9.2
Composition (% of soy isolate) 15.9 14.6 4.0 1.9 2.8
Total isoflavones (mg/g soy protein) 1931± 175 2170 ± 90 2275± 455 2284± 37 2275± 328
Average isoflavone concentration 46 47 45 44 32

of prepared infant food (mg/L)3

1
xNursoy, Wyeth Laboratories, Philadelphia; Isomil, Ross Products Division, Abbott Laboratories, Columbus, OH; Prosobee, Mead Johnson Nutritional

Group, Evansville, IN; Allsoy, Carnation Nutritional Products Division, Nestlé Food Company, Glendale, CA.
2 x– ± SD.
3 Infant formulas were prepared according to the manufacturers’ directions.
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based formulas than in the liquid formulas and these values were
directly proportional to the amount of soy protein isolates used
in the formulas (Table 1). The average isoflavone concentration
of the formulas prepared according to the manufacturers’ direc-
tions was 32–46 mg/L; 4 formulas had similar mean total
isoflavone concentrations (43–46 mg/L). The lower mean total
isoflavone concentration of the Allsoy liquid concentrate is
explained by the smaller proportion of soy protein isolate incor-
porated in its manufacture. Overall, these values are similar to
values first reported for total isoflavones in Prosobee (38.9 mg/g)
and Isomil (41.6 mg/g) >10 y ago, determined by methods that
did not discriminate among isoflavone conjugation states (36).
This finding indicates the relative consistency of the isoflavone
content of soy-based formulas over time. The isoflavone concen-
trations of soy-based infant formulas reported here also are com-
parable with those given in a recent report (40). Variations are to
be expected among different brands or within different batches
of the same brand because the isoflavone content of soybeans
can vary according to geographic location, climate, and growing
conditions (48).

The average exposure of newborn infants and neonates to phy-
toestrogens can be calculated from the daily intake of milk (Table
2). In a 4-mo-old infant consuming 800–1000 mL formula, the
total isoflavone intake will be 35–50 mg/d. When calculated on a
body weight basis, using standard pediatric growth tables for full-
term, normal-for-gestational-age infants, this corresponds to an
exposure of 6–9 mg isoflavones·kg body wt21·d21 at 4 mo of age.
Body weight and milk intake are proportionally lower in younger
infants, and consequently the exposure to phytoestrogens is rela-
tively constant in the neonatal period in infants fed soy-based
infant formulas (Table 2). The daily intake of isoflavones from
soy-based infant formula (35–50 mg) is comparable with that of
adults consuming modest amounts (56 g) of soy-protein foods (50
mg) and probably similar or higher than in Japanese adults con-
suming a traditional diet (50). Recent estimates from dietary ques-
tionnaires of soy-protein intake by Japanese men and women sug-
gest the present daily intake to be <8–11 g protein, which
suggests that the isoflavone intake by the Japanese population is
likely <20–25 mg/d (51). When values are expressed relative to
body weight, the infant exclusively fed soy-based formulas is
exposed to a dose that is 5–10-fold higher than the 0.7-mg·kg
body wt21·d21 intake shown to exert significant physiologic and
beneficial effects on the hormonal regulation of women’s men-
strual cycles (21, 26).

We have been unable to detect isoflavones in cow-milk for-
mulas by using HPLC because of the insensitivity of this tech-
nique, but phytoestrogens were reported to be present in trace
amounts in cow milk (52). The previous finding that infants fed
cow-milk formulas excrete significant amounts of isoflavones in
urine, including the bacterially derived metabolite equol, con-
firms the presence of isoflavones in cow milk (38).

It was suggested recently that human milk is a useful source
of phytoestrogens (53), but our data and those of others (54, 55)
do not support this contention. Table 3 gives the values for total
and individual isoflavones in midstream breast milk obtained
from 9 healthy, omnivorous, lactating women, and confirms that
there are only traces of phytoestrogens in human milk. The con-
centrations were too low to be detected by the HPLC methods we
used and measurement was possible only with GC-MS. The
mean total isoflavone concentration was 5.6± 4.4 mg/L, which
agrees with values reported elsewhere (54, 55). Equol, an intesti-
nally derived isoflavone (56, 57) not present in soy-based for-
mulas, was detected in 7 of 9 breast-milk samples (37); interest-
ingly, we also found equol in amniotic fluid collected during
early gestation (KDR Setchell, unpublished observations, 1997),
confirming a preliminary report of the placental transfer of phy-
toestrogens (58).

The transfer of isoflavones into breast milk was also shown in
feeding studies, in which lactating women were challenged with
soyfoods (Figure 2). Isoflavone concentrations increased ≤10-
fold when lactating women consumed the equivalent of 30 mg
isoflavones, which confirms the findings of Franke and Custer
(54) in similarly designed studies. Infants’ daily intakes of phy-
toestrogens from human milk are calculated to be 0.005–0.01
mg/d, which is trivial when compared with the amounts provided
by soy-based infant formulas. Furthermore, isoflavones are pre-
dominantly found as glucuronide conjugates in human milk,
whereas they occur mainly as glycosidic conjugates in soymilk
(37). It is not known how these compositional differences may
influence bioavailability. Nevertheless, the available data pro-
vide little reason to be concerned about the maternal-infant

1456S SETCHELL ET AL

TABLE 2
Soy-based infant formula intake and isoflavone exposure

Isoflavone Normal
Infant age Volume intake1 body weight Dose2

mL/d mg/d kg mg · kg body
wt21 · d21

1 wk 500–550 22.5–24.8 2.5–3.8 5.7–7.3
1 mo 700–800 31.5–36.0 2.9–5.0 6.0–11.9
2 mo 800–830 36.0–37.0 3.6–5.9 6.1–10.0
4 mo 800–1000 41.0–45.0 4.8–7.5 6.0–9.3

1 Based on isoflavone concentration of 45mg/L for soy-based infant
formula.

2 For comparison, the average daily exposure for adults consuming
57–85 g soyfoods containing 50–100 mg of isoflavones is 0.7–1.4 mg · kg
body wt-1 · d-1.

FIGURE 2. Isoflavones in human breast milk during soy intake. Shown are
typical selected ion current recordings obtained by gas
chromatography–mass spectrometry analysis of the tert-butyldimethylsilyl
ether derivatives of isoflavones isolated from a sample of human breast
milk, confirming the presence of detectable amounts of daidzein [mass-to-
charge ratio (m/z) 470] and the recovered internal standard (int. std.) and
genistein (m/z455). The concentrations of these isoflavones measured in
breast milk aspirated from a healthy, lactating woman before (baseline) and
for 2 d after the ingestion of soy nuts containing 30 mg total isoflavones
confirms the transfer of isoflavones to human breast milk.
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transfer of phytoestrogens from human breast milk, even in
women consuming phytoestrogen-rich diets while breast-feed-
ing; on the basis of the weak estrogenic activity of isoflavones
(3), it is doubtful that the dietary intake from human milk is suf-
ficient to exert significant biological effects. Moreover, human
breast milk contains >50 different steroid hormone metabolites,
including estrogens and progesterone metabolites (59). Estrogen
concentrations in breast milk in the first few days of lactation
(3–120 nmol/L, or 1–33 mg/L) are similar to isoflavone concen-
trations, but decline thereafter (59).

Metabolic fate of isoflavones in infants

Earlier studies clearly indicated that the glycosidic conjugates
of isoflavones in soy-based infant formulas are readily
hydrolyzed by intestinal glucosidases (Figure 3), thereby giving
rise to the aglycones, which are then absorbed and excreted in
urine (38). Bacterial b-glucosidase activity shows an age-depen-
dent increase in infants, being lower than in adults (60). By a few
months of age there is significant activity to account for the
hydrolysis of the glycosidic bonds of the conjugated isoflavones
in soy-based infant formulas. The high variability in the previ-
ously reported concentrations of daidzein and genistein in infant
urine (38) is accounted for in part by the fact that accurately
timed daily collections were not obtained and the urine values
represented spot samples. Urinary concentrations of daidzein
and genistein in infants were slightly lower than urinary values
of adults consuming a similar daily intake of isoflavones (8, 12,
22, 61–63), which could indicate poor renal clearance in early
life. These studies showed that there was limited biotransforma-
tion beyond the initial hydrolysis of the glycosidic moiety
because equol was not detected in the urine of infants fed soy-
based formulas whereas it was present in the urine of infants fed
either cow-milk formula or human breast milk (38).

Ethical and practical considerations make it difficult to deter-
mine accurately the bioavailability of isoflavones in infants, but

an indication of the extent of intestinal absorption can be gleaned
from measurement of plasma concentrations. To our knowledge,
there have been no previous reports of the plasma concentrations
of isoflavones in infants fed soy-based formulas or other dietary
regimens. This information is essential for assessing whether
phytoestrogens circulate at concentrations sufficient to have
physiologic effects.

Typical GC-MS ion recordings of ions specific to the M-57
(loss of C4H9) fragment of the t-BDMS ether derivatives of
isoflavones are shown for plasma from one infant fed soy-based
infant formula (Figure 4). These profiles reveal intense signals
that correspond to daidzein, genistein, and the internal standard
and a relatively weak signal for equol, consistent with a low con-
centration. The selected ion current recordings were obtained
from only 2.5 mL plasma and the integrated peak areas for each
of the isoflavones are shown. Although equol was detected by
mass spectrometry (ion current recording at m/z470), the inten-
sity of the signal was 2 orders of magnitude lower than that for
either daidzein or genistein, indicating that only traces are pres-
ent in the plasma of infants fed soy-based formula.

Selected ion recordings for equol (m/z 470) obtained from
comparable amounts of plasma from infants fed soy-based for-
mula, cow-milk formula, and breast milk are shown in Figure 5.
The peak area for equol in the plasma from infants fed cow-milk
formula was 1–2 orders of magnitude higher than that for infants
fed soy-based formula or breast milk. Equol was detected in the
plasma of all infants fed cow-milk formula, in 4 of 7 infants fed
soy-based formula, and in only 1 of 7 infants fed breast milk
(37). The mean (±SD) plasma concentration of equol was
16.9 ± 2.0 nmol/L (4.11± 0.49 mg/L); interestingly, this was
higher than either the mean plasma daidzein (8.1± 1.1 nmol/L,
or 2.06 ± 0.29 mg/L) or genistein (11.6± 2.5 nmol/L, or
3.16 ± 0.68 mg/L) concentration in these infants. The lack of
equol in the plasma of infants fed soy-based formula or breast
milk is consistent with our previous findings from urinary analy-
ses (38) and is explained by reduced intestinal biotransformation
resulting from the lack of fully developed microflora in early life
or inactivity of the enzymes essential for the further metabolism
of isoflavones. This is exemplified by our inability to detect
other intestinally derived bacterial metabolites such as
desmethylangolensin and dihydrodaidzein in plasma (64–66).

Plasma concentrations of daidzein, genistein, and equol in 4-
mo-old infants fed soy-based formula, cow-milk formula, and
breast milk were also reported previously (37); concentrations
(x– ± SD) for genistein and daidzein during soy-based formula
feeding were 683.9± 442.6 and 295.3± 59.9 mg/L, respectively.
These values were significantly greater (P < 0.05) than the mean
values for plasma genistein and daidzein in infants fed either
cow-milk formula or breast milk. Plasma total isoflavone con-

INFANT EXPOSURE TO ISOFLAVONES IN SOYMILK 1457S

TABLE 3
Concentrations of isoflavones in human breast milk from 9 healthy, lactating women1

Subject
Isoflavone 1 2 3 4 5 6 7 8 9 x– ± SD

mg/L

Daidzein 3.2 6.1 5.7 3.1 3.2 1.8 1 2.5 1.3 3.1± 1.8
Genistein 0.7 6.4 2.7 0.9 1 0.8 0.6 0.9 0.7 1.6± 1.9
Equol 0.8 1.4 3 0.7 0.8 0.8 ND ND 0.6 1.1± 0.8
Total 4.7 13.6 11.4 4.7 5 3.4 1.6 3.3 2.6 5.6± 4.4

1 Isoflavone concentrations were measured by gas chromatography–mass spectrometry with selected ion monitoring after hydrolysis of conjugates. 
ND, not detected.

FIGURE 3. Metabolism of isoflavones in humans.

 by on N
ovem

ber 27, 2009 
w

w
w

.ajcn.org
D

ow
nloaded from

 

http://www.ajcn.org


centrations ranged from 552 to 1775 mg/L (x–: 980 mg/L) in
infants fed soy-based formula, which is 2–5-fold higher than peak
plasma concentrations in adults after single-bolus, oral adminis-
tration of 50 mg of the pure compounds (25) and greater than val-
ues reported for adults (50–200 mg/L) consuming similar intakes
of isoflavones from diets of soy-based foods (22, 24). These val-
ues are also higher than plasma isoflavone concentrations of
Japanese adults, which were found to be 40–240 mg/L (67). The
higher plasma concentrations can in part be attributed to the
higher per-body-weight dose experienced by the infants fed soy-
based formula compared with adults consuming comparable daily
intakes of isoflavones. By contrast, the mean (±SD) total plasma
isoflavone concentration of infants fed breast milk was 4.7± 1.3
mg/L; for infants fed cow-milk formula, concentrations was
approximately twice as high: 9.3± 1.2 mg/L. Circulating concen-
trations of isoflavones in infants fed breast-milk and cow-milk
formulas are <1/200th and 1/100th, respectively, of the concen-
trations attained when infants are fed soy-based formula (37).

No attempt was made to determine the extent of conjugation
of isoflavones in infant serum. However, in common with
endogenous estrogens (68), and on the basis of previous studies
of phytoestrogens in adults (23, 24, 69), it is assumed that
isoflavones circulate predominantly as glucuronides and to a
lesser extent as sulfate conjugates in infants. A recent report sug-
gested that unconjugated isoflavones were not present in infant

plasma, but this would seem improbable and may reflect
methodologic deficiencies in the measurement of this fraction
(40). There is virtually no information on the biological activity
of glucuronides and sulfate conjugates because of the lack of
standards for testing. Although conjugation serves in part to
facilitate elimination of steroids, it does not necessarily render
these compounds inactive. The enterohepatic recycling of phy-
toestrogens (3, 25), in common with endogenous estrogens (70),
retains these metabolites in vivo, where repeated deconjugation
during recycling would release the unconjugated isoflavone.

The extent of protein binding of a steroid is also a key deter-
minant of its availability to the cell and hence the steroid recep-
tor. Estradiol binds efficiently to serum proteins and there is a
dynamic equilibrium between unbound and bound hormone con-
centrations, with <3% of the total unbound and therefore avail-
able for cellular uptake and subsequent binding to estrogen
receptors (71). In general, xenoestrogens show less binding to
serum proteins and are therefore more available to the target
cells for receptor occupancy (72, 73). Studies of the protein
binding of several phytoestrogens, including genistein, daidzein,
and equol, have shown lower affinity relative to estradiol (74),
which would serve to increase their availability to the estrogen
receptor and therefore could lead to an underestimation of their
biological potency. In our studies, no attempts were made to deter-
mine the extent of protein binding of isoflavones in infant serum,
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FIGURE 4. Typical selected ion current recordings obtained from gas chromatography–mass spectrometry analysis of the tert-butyldimethylsilyl ether
derivatives of isoflavones isolated from the plasma of a 4-mo-old infant fed exclusively soy-based infant formula. A 2.5-mL plasma sample was injected
on the column and the ions of mass-to-charge ratio (m/z) 470,m/z425, and m/z555, respectively, were monitored for the specific detection of equol,
daidzein and the internal standard (int. std.), and genistein. The integrated ion currents for each compound is indicated. The channel recording equol (m/z
470) is amplified 100-fold relative to the other channels. The internal standard was dihydroflavone.

FIGURE 5. Selected ion current gas chromatography–mass spectrometry recordings for mass-to-charge ratio (m/z) 470 arising from the fragmentation of
the tert-butyldimethylsilyl ether derivative of equol. A 2.5-mL plasma sample was injected on the column. Compared are the integrated signal responses
obtained from equivalent amounts of plasma from 4-mo-old infants fed exclusively human milk, soy-based infant formula, or cow-milk formula. These
recordings indicate the greater amount of equol in the plasma of infants fed cow-milk formula than in those fed either soy-based formula or human milk.
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but this needs to be considered when evaluating biological potency.
Furthermore, the extent of binding and selectivity toward the newly
described and cloned estrogen receptor ERb (75) remains to be
clarified. It is possible that phytoestrogens may exert their effects
selectively through pathways distinct from estrogen binding to the
classic receptor, ERa.

The high plasma isoflavone concentrations observed in infants
fed soy-based formulas indicate that the absorption of soy
isoflavones from the intestinal tract is efficient and that these bioac-
tive compounds have a high bioavailability. This may be because of
reduced metabolic biotransformation and degradation beyond the
initial cleavage of the glycosidic bond, thereby making more of the
aglycones of daidzein and genistein available for absorption. In
comparison, in adults there is extensive metabolism to many other
isoflavonoid metabolites (56, 64–66). The relatively long plasma
half-life of daidzein and genistein, 7–8 h in adults (25), combined
with the fact that infants are continually exposed to phytoestrogens
from soy-based infant formulas during regular and frequent daily
feeding consequently leads to the high steady state plasma concen-
trations. The metabolic fate of isoflavones in infants is summarized
in Figure 6. The average daily intake of isoflavones from soy-
based formula is similar to that of an adult consuming a typical
soyfood-containing meal. However, the circulating plasma concen-
trations of isoflavones in infants are an order of magnitude higher
than those observed in adults with similar intakes.

On the basis of our findings for 4-mo-old infants, the plasma
total isoflavone concentration in infants fed soy-based formula is
13000–22000 times higher than the plasma concentration of
estradiol in early life, which is 147–294 pmol/L (40–80 pg/mL)
(76). Even allowing for the weak estrogenic activity of
isoflavones compared with estradiol, it is difficult to believe that
isoflavones, circulating at these high concentrations, are biolog-
ically inert in infants, particularly given their weaker binding to
serum proteins (74). Experimental data from in vitro and in vivo
animal studies (5, 17, 25) together with human dietary interven-
tion studies have shown significant biological effects with simi-
lar intakes of phytoestrogen (21, 26), all relating to potential
health benefits.

Concerns about possible adverse effects of exposure of infants
to phytoestrogens in soy-based formulas are founded on hypo-
thetical possibilities and are related to knowledge of the role of
estrogens at critical stages of development and in mediating
reproductive or neuroendocrine disruption in various animal

species (77). Clover disease in sheep (27) and venoocclusive dis-
ease with infertility in cheetahs (29) were both found to be caused
by dietary isoflavones. However, sheep grazed on amounts of
isoflavones that would be difficult for humans to consume on a
daily basis given the usual concentrations found in soyfoods;
cheetahs, in common with most feline species, lack hepatic UDP-
glucuronyltransferase, a key metabolizing enzyme for steroid
hormones in most species, including humans (68). These 2 exam-
ples illustrate the need to consider dosage and species differences
in metabolism when making extrapolations to humans.

Timing of exposure is also a critical factor in predicting
potential steroid hormone effects (77). The devastating effects of
diethylstilbestrol taken in early pregnancy only became apparent
in offspring, who were predisposed to reproductive dysfunction
and adenocarcinoma later in life (78, 79). This genetic imprint-
ing and the effects of phytoestrogens on sexual differentiation in
many mammalian and avian species (80–84) relate to prenatal
rather than postnatal exposure. Unfortunately, there appears to
be no ideal animal model for the human neonate; therefore, it is
difficult to extrapolate these animal data to infants. Soy-based
formulas are consumed postnatally, not prenatally. Any negative
effects from phytoestrogens might be expected to be enhanced
by exposure of the fetus to isoflavones from soy products con-
sumed during pregnancy. Recent studies using animal models of
chemically induced breast cancer point to beneficial rather than
negative effects resulting from both neonatal and prepubetal
exposure to genistein (18, 19). These animals were found to be
more resistant to chemically induced breast cancer later in life.

In the absence of practical examples to support adverse effects
of soy-based infant formulas, despite their use for >30 y, it could
be argued that long-term benefits may ensue from infant expo-
sure to soy-based formulas containing isoflavones because this
could confer protection later in life against hormone-dependent
diseases. In this regard, we speculate that the low incidence of
hormone-dependent diseases in China and Japan, where soy is a
staple, may in part be a consequence of a lifetime exposure to
phytoestrogens from the traditional diet. The concept of early-
life diet influencing later disease outcome is gaining credence
(85). Interestingly, the incidence of such diseases is increasing
and this trend appears to be related to a move toward a more
westernized diet in these countries (86).
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