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Estrone in food: a factor influencing

the development of obesity?

Summary Background Estrone is
a relatively abundant hormone
widely distributed in tissues of
animal and plant origin. It is a mild
estrogen that induces increases in
body weigt in experimental animals.
The relative abundance of estrone
esters in animal tissues suggests
that it may also be found in foods,
from which it may alter the
mechanisms of body weight
control.
Aim of the study To measure the
total estrone content in food and to
determine whether this may affect
body weight.
Methods In the first part of the
study, a method was devised for the
measurement of total estrone
content in food. This was applied to
the analysis of estrone content in a
variety of food. Finally, hyperlipidic
diets (18.6 MJ/kg) with a total
estrone content 0.89 ± 0.21µmol/
kg (control group) and 1.37 ± 0.13
µmol/kg (laced with estrone fatty
esters) were given to rats during
15 days, in order to determine the
influence of dietary estrone on the
body mass. Zucker lean (Fa/?) rats
weighing initially 200–215 g were
used. The total estrone (essentially
as fatty esters) content of food
was investigated by combining a
dried methanol extraction with
saponification and measurement of
the free estrone evolved through
radioimmunoassay.
Result The content of estrone was
zero in some vegetables, but
significant in fruits, meats, and

especially fats, both of plant and
animal origin. The application of
these analyses to a standard
recommended diet for humans
may result in intakes of more than
1 µmol of estrone per day, a figure
comparable to the estrogen pro-
duction by women. When rats were
exposed to a raised estrone content
in a fat-rich diet, they significantly
increased their body weights,
doubling their rate of growth
(1.99 g/day) compared with controls
(0.81 g/day), but maintaining their
plasma composition and the
proportions of lipid, water, and
protein in their carcasses.
Conclusion The widely distributed
estrone esters in food and their
relatively high concentrations may
result in high free hormone intakes
in humans. The continued and
massive intake of estrone may
enhance tissue deposition and lead
to obesity.
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Introduction

Estrogenic activity, common in the environment, is often
due to chemicals which are structurally unrelated to
steroidal hormones (4). Estrone and other natural estro-
gens (9) are found, usually in low concentrations, in a
wide variety of sources, including food (10). Their even-
tual effects are considered negligible (10) since the direct
estrogenic activity of estrone is minimal (13). Most of es-
trone estrogenic effects are a consequence of itsin vivo
conversion toβ-estradiol (17).

The literature on the effects of estrone is sparse, des-
pite some interesting traits such as its raised levels in the
plasma of the obese (5) and high urinary (11, 12) or fecal
(3, 26) excretion rates. Estrone has been found to induce
body weight increases in rats (20), and its effectsin vivo
are markedly different from those of typical estrogens
such asβ-estradiol (14). The finding that fatty acyl-
estrone is present in plasma at comparatively high levels
for a hormone derivative (7), and the postulated role for
oleoyl-estrone as part of the ponderostat system (20), co-
incide in suggesting that this steroid plays a more im-
portant role than currently assumed. This supposition is
based on that high estrone levels are widespread in many
tissues, including food.

As a result of the finding that estrone is a significant
dietary component of Western diet, we decided to test the
effect of known amounts of esterified estrone added to
the diet of rats, to check whether estrone consumed in this
way causes significant changes in body weight, since we
already know that the i.v. administration of estrone re-
sults in body weight gain in rats (20). This effect is not
related to estrogenicity, since estrogen administration
tends to decrease – albeit temporarily – body weight (6).
The i.v. administration of oleoyl-estrone, however, causes
severe losses of weight, mainly fat (21). Again this effect
could not be traced to the estrone moiety, since the effect
of other esters is considerably lower or zero (19), and free
estrone itself induces the reverse effect (20).

In the present paper we have adapted a previously pub-
lished method for estimating circulating levels of fatty
acyl-estrone (2) for the analysis of estrone fatty esters in
food and tissue samples. We also checked whether the
levels found in human food may influence the deposition
of living matter in young rats.

Materials and methods

Measurement of esterified estrone in foods

Food samples were minced, weighed, and mixed with a
large amount of anhydrous sodium sulfate (Panreac,
Montcada, Spain), used as dehydrating agent, in gross ex-
cess of the water content of the samples. The samples
were extracted in a 200 ml Soxhlet apparatus (Behr

Labor-Technik, Düsseldorf, Germany) with pure anhy-
drous methanol (Panreac) (20 ml methanol per g of sam-
ple) for 6 hours (i.e., about 16 cycles). The methanol ex-
tract was filtered through a column of anhydrous sodium
sulfate and then stored at –20 ºC until processed. Aliquots
of 1 ml were transferred to tubes (in duplicate), and 2 ml
trichloromethane (Panreac) was added. After mixing,
1 ml of 3.9 mM MgCl2 was added and the tubes were
maintained in a rotary shaker for 2 hours. The phases
were separated through centrifugation and the upper
phase was discarded. The organic phase was dried in a
spedvac vacuum-drying centrifuge (Jouan, Saint Her-
blain, France). The residues were then resuspended in
1 ml of 0.6 M KOH in ethanol: water (95:5). The tubes
were capped and heated for 20 min at 85 ºC. Then 1 ml of
water was added and they were shaken and cooled. The
samples were extracted twice with 2 ml of peroxide-free
ethyl ether (Panreac), and the upper organic phases were
combined, neutralized to pH 7 with 100 mM KH2PO4,
centrifuged, and the new upper phase (ethyl ether) dried
in a spedvac vacuum-drying centrifuge. The residue was
resuspended in 375µL ethanol (Panreac). Aliquots of
5–20 µl of this solution were transferred to the final
radioimmunoanalysis tubes and mixed with 0.35 ml of
50 mM phosphate buffer pH 8.0. They were used for the
measurement of estrone using a standard estrone radioim-
munoassay method (Sigma product sheet 9086, 1996) in a
medium supplemented with 0.1 % gelatin as support for
the estrone microprecipitates, and a polyclonal specific
rabbit antiserum raised against estrone-6-thyroglobulin
(E-3135 from Sigma, St Louis, MO, USA) (2). In this as-
say, samples, labeled estrone (DuPont NEN, NJ, USA) –
and the standards – were mixed with the antibody in a
single step, since here the linearity of the response of the
radioimmunoassay was more important than its ability to
detect small concentrations. The assay was linear for
final sample (0.1 ml) concentrations in the range of 1 to
100 nM. Under the conditions described, the lower practi-
cal limit of detection was 0.2µmol/kg of fresh material.
The cross-reactivity with other steroids was insignificant
except for dehydroepiandrosterone, but since most of
dehydroepiandrosterone-sulphate was left behind in the
first ether extraction, this compound cannot actually inter-
fere with the estrone radioimmunoassay.

The effectiveness of the extraction procedure was
checked by using3H-labeled oleoyl-estrone. This com-
pound was prepared from oleoyl-chloride and3H-estrone
(DuPont NEN, NJ, USA) (18). The recovery of label in
the dried methanol extracts was 92 ± 3 % (N=4). The ef-
fectiveness of the saponification process and radioimmuno-
analysis measurement has been previously published (2).

Effect of dietary estrone on rats

Two groups of female Zucker lean (Fa/?) rats (N=5 each)
weighing initially 211 ± 8 g (controls) and 204 ± 5 g
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(treated rats) were kept under standard conditions in
metabolic cages (Techniplast Gazzada, Guguggiatte,
Italy) and were fed during 15 days a powdered hyper-
lipidic (18.6 MJ/kg) diet (B&K, Sant Vicent dels Horts,
Spain) containing 38 % of its energy as fat, 17 % as pro-
tein, and 45 % as starch and other carbohydrates. The diet
was prepared to mimic to some extent the high-fat diets
consumed by humans. Soy and sunflower oils were the
diet’s main fat source, in order to minimize the presence
of dietary estrone. In any case, its total estrone content
(measured) was 0.89 ± 0.21µmol/kg (N=5). Part of the
same diet was supplemented with oleoyl-estrone added to
its constitutive oils, the content of this loaded diet being
1.37 ± 0.13µmol/kg (N=5) of total (acyl-) estrone.

The weights and food consumption of the rats were
measured daily. The dose of oleoyl-estrone ingested by
the rats was calculated from the food consumed and
acyl-estrone content of the diet. At the end of the experi-

ment, the rats were anesthetized with ethyl ether, and
blood was taken through heart puncture and used to ob-
tain the plasma. Then the rats were killed and dissected,
cleaned of intestinal contents, weighed again, and sealed
in polyethylene bags that were subsequently autoclaved at
120 ºC for 2 hours; then, the whole rat was minced to a
smooth paste with a blender.

Plasma was used for the estimation of glucose, tria-
cylglycerols, total cholesterol, urea, and total protein
using a dry-chemistry strip auto analyzer (Spotchem,
Menarini, Milano, Italy), as well as for the estimation of
esterified estrone (2). The rat carcass paste was used for
the estimation of the proportions of water (differential
weighing after 24 h at 100 ºC), lipid (8), energy (bomb
calorimeter, C-7000, IKA, Heitersheim, Germany), and
protein. The latter was measured as total N with a Carlo
Erba NA-1500 elemental analyzer and then converted
into protein using a 5.5 factor (16). The total estrone ester
content of the carcass paste was also measured using the
same procedure used for the diet.

Statistically significant differences (P < 0.05) between
groups were determined using Student’s t test and stan-
dard one-way ANOVA programs.

Results

Presence of esterified estrone in food

Aliquots of butter methanol extracts were chromatogra-
phed in an HPLC (Fig. 1) and compared with oleoyl-
estrone standards (SALVAT,SA, Esplugues de Llobregat,
Spain). Since most of the estrone present in plasma is in
the form of oleoyl-estrone (unpublished results), we can
safely assume that most of the fatty acyl-estrone present
in the food samples analyzed was also in this form. This
compound becomes, then, a significant component of
some fatty foods, at levels which are extremely high for a
substance with hormonal effects.

Free estrone levels in foods were found to be ex-
tremely low (data not presented), and in most cases unde-
tectable without previous saponification, which means
that practically all the estrone we found in food was in
the fraction esterified with fatty acids. Very probably, the
predominant form was oleoyl-estrone, as observed in our
HPLC analysis of butter.

Food total estrone content

Table 1 shows the total estrone content of the 36 foods
analyzed, always expressed per kg (or liter in the case of
milk) of fresh weight. Only a few foodstuffs – all of them
vegetables – showed estrone levels below the practical
limit of detection, but the presence of estrone was wide-
spread, both in plant and animal foods. The occurrence of
estrone in fats and dairy products was considerable, but

Fig. 1 HPLC chromatogram of a dry methanol extract of butter.
The graphs correspond to butter extract (BE), the same extract with
an internal standard of 5.7µg of oleoyl-estrone (BE+OE5.7), and
two standards of 1.4µg (OE1.4) and 4.3µg (OE4.3) of oleoyl-
estrone. An aliquot of butter methanol extracts was chromat-
ographed in an HPLC (Kontron, Milano, Italy) using a Spherisorb
ODS 5 mm (250x4.5 mm) (Waters, Milford, MA, USA) column,
with a flow of 0.3 ml/min and a pressure of 2.1 kPa. The mobile
phase was hexane/isopropanol/methanol (90:10:30).
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even fruits contained significant amounts of the hormone.
The levels in olive oil may be low compared with butter
or lard, but those of cocoa butter or coconut oil are also
fairly high, as is the level in almonds and even in fruits
(especially when their large water contents are taken into
account).

Estimation of human dietary estrone intake

In order to obtain an estimate of the human intake of es-
terified estrone in food we used as standard diet the die-
tary guidelines recommended by most texts on dietetics
(22). It is very difficult to determine the precise intake of
a given compound by human population-groups, since the
number of different foods is very high and only a handful
of them have been analyzed. Table 2 shows one of these
distributions with the size – and energy content – of the
portions. We adapted somewhat this dietary breakdown
by including several of the foods we analyzed. The results
are striking: using this diet, a human being would ingest
about 1µmol of estrone per day.

Effect of dietary estrone on rat body mass and metabolic
parameters

The group receiving the hyperlipidic diet (HL) increased
its weight steadily for the next two weeks (Fig. 2), with a
mean weight gain of 0.81 g/day. The other group received
the diet loaded with oleoyl-estrone (HL-OE) and in-
creased its weight faster, with a mean weight gain of
1.99 g/day, the differences being significant (p < 0.05)
from day 8 onwards. The amount of food eaten by HL
rats was 13.1 ± 1.1 g/day, and the amount by HL-OE rats
14.5 ± 1.1 g/day (NS). Thus, the net intake of estrone was
about 53 nmol/kg⋅day in the HL rats and 90 nmol/kg⋅day
in the HL-OE rats. The carcass analysis of the animals
(Table 3) showed that there were no significant differ-
ences in the percentages of lipid, water or protein
between groups, which represents a higher and harmonic

Table 1 Total estrone content of foods. The data are the mean ±
SEM of 5 different samples; the radioimmunoassay measurements
were carried out in duplicate in different assays. Samples marked §
correspond to commercial brands

food types food µmol/kg

Chocolates
black chocolate § 0.77 ± 0.25

hazelnut/chocolate butter § 1.21 ± 0.30

Fish

tuna in vegetable oil (can) § 0.64 ± 0.42

haddock (dried) § 1.58 ± 0.70

sardine (fresh) 1.82 ± 0.77

vegetables, fruits
and nuts

potato < 0.25

lettuce < 0.25

tomato < 0.25

banana § 0.74 ± 0.40

apple 0.97 ± 0.36

almond § 2.00 ± 0.37

pastry

plain cookies § 1.04 ± 0.36

Danish butter cookies § 1.88 ± 0.70

scones § 2.66 ± 0.73

eggs
hard-boiled egg 0.86 ± 0.37

egg yolk 4.85 ± 2.00

meats and meat
products

calf’s liver 0.58 ± 0.27

lean pork meat 0.59 ± 0.40

ham 0.70 ± 0.19

veal hamburger 0.96 ± 0.29

veal meat steak 1.03 ± 0.23

pork sausage 1.86 ± 0.88

salami § 2.86 ± 1.03

liver paté § 5.38 ± 2.16

dairy products

fresh cheese (Burgos) § 0.95 ± 0.14

yogurt § 1.12 ± 0.51

whole milk § 1.70 ± 0.45

Swiss cheese (Emmental) § 1.95 ± 0.42

hard cheese (Parmesan) § 7.81 ± 1.93

oils and fats

sunflower oil § 0.82 ± 0.18

olive oil § 0.92 ± 0.22

coconut oil 1.82 ± 0.51

cocoa butter 2.93 ± 0.55

lamb fat (fresh) 4.78 ± 1.67

butter § 9.15 ± 3.25

pork lard § 11.44 ± 3.04

Fig. 2 Increases in body weight of 5 Zucker lean rats receiving the
hyperlipidic diet (HL) and 5 receiving the same diet supplemented
with oleoyl-estrone (HL-OE). The HL diet contained 0.89µmol/kg
of esterified estrone, and the HL-OE diet contained 1.37µmol/kg.
The differences between both groups (N=5 rats each) were signifi-
cant (p < 0.05) from day 8 onwards.
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increase in body mass (i.e., lipid and protein) in the rats
receiving the higher dose of dietary acyl-estrone. The
complete uniformity of plasma parameters (Table 4) sug-
gests that this enhanced growth in body mass does not af-
fect the circulating levels of triacylglycerols, glucose or
urea/proteins.

Discussion

The method described allowed the extraction of fatty
acyl-estrone esters from minced food samples, followed
by their quantitative saponification and later measurement
of the freed estrone nucleus by means of a sensitive
radioimmunoanalysis. Losses of material through the
whole process were assumed to be low because of the
high recoveries of labeled oleoyl-estrone. The sensitivity
of the method enabled the measurement to be carried out
in small samples of a few milligrams if necessary. The
specificity of the method relies on three differential steps:
a) solubility in hot methanol, b) saponifiability, and c)
specific antigen-antibody interaction. Thus, despite
being immersed in a large matrix of other lipids:

triacylglycerols, phospholipids, cholesterol, and its esters,
none of these compounds complied with the three
differential characteristics upon which it is based. In the
extractive process all protein, most sugars, and other
non-lipophilic compounds were left behind. The
saponification process broke down most triacylglycerol
and other esters, but fatty acid soaps, hydrophilic
materials, and charged molecules remained in the aqueous
fraction, while all other compounds, including freed
estrone, were removed in the ether  phase. The mass of
lipid was thus greatly reduced, but after drying and
introduction of a buffer solution, lipophilic molecules
separated from the aqueous phase and did not interfere
further, while estrone was dissolved and interacted with
the antibodies. The use of an immunologic method helped
minimize interference from other materials found in the
samples, a possibility that could not be completely ruled
out in spite of repeated checking of the measurements by
internal standards in the samples. The results were fairly
repeatable even allowing for the elaborate extraction
procedure and the use of a radioimmunoassay in the final
step of measurement.

Table 2 Calculated estrone intake in a standard human diet

food group food and (portions) g kcal nmol E1 % E1

cereals

9 portions

pasta (4) 520 760 0*

5.6
bread (2) 50 130 0*

cookies (1) 28 145 29

Danish cookies (1) 28 110 53

vegetables

4 portions

potatoes (1½) 204 180 0

0
lettuce (1) 163 20 0

carrot (1) 156 70 0*

tomato (½) 62 13 0

fruits

3 portions

apple (1) 138 80 134

15.0orange (1) 131 60 0*

banana (1) 114 105 84

dairy products

2½ portions

milk (1) 244 150 415

46.6
yogurt (½) 114 70 128

hard cheese (½) 14 65 109

Swiss cheese (½) 14 55 27

meats and protein foods

2½ portions

meat (1) 85 325 88

12.8
eggs (1) 50 80 43

ham (¼) 21 35 15

salami (¼) 14 36 40

oils and fats

¼ portions
butter (¼) 32 225 293 20.0

totals 2182 2714 1458 § 100.0

* Value not measured.
§ Estimated daily content of estrone in the food chosen. This is a minimal value for the actual content, since the estrone content of several

components is unknown, or lower than the limit of detection of the method used.
Dietary guidelines, weight and energy of portions were taken from the “food pyramid” published by the US Dept. of Health and cited in
(14); the estimated estrone content was calculated from the data in Table 1.
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The levels of total estrone in food were in general very
high, especially when compared with the free hormone
plasma circulating levels in the 0.2-1.5 nM range (23),
and even when compared with total plasma estrone in the
100–300 nM range (7, 18). The most striking finding,
apart from its high concentrations, is estrone’s wide-
spread distribution in plant and animal foods alike. In any
case, the presence of estrone in nuts and fruits should not
be necessarily a surprise, given that some plant oils (e.g.,
palm) have been used as an industrial source of estrone.

The figure obtained in our calculation of dietary hu-
man intake (of about 1.5µmol per day) is within the
range of estimated daily estrogen production in women
(0.4 to 2.5µmol/day, calculated from the data in refer-
ence 23). We do not know how much of this estrone is fi-
nally absorbed and integrated into the metabolism, but in
any case, the estrone released by esterases should be large
and may influence in some way the processes in which
estrone is involved. It must be borne in mind that the diet
depicted in Table 2 is ahealthy recommendeddiet, high
in starch and low in fats and protein. It may be safely ex-
pected that people exposed to Western diets may in fact
ingest several times more estrone than the amount esti-
mated here. Since a large part of dietary estrone is de-
rived from dairy products, and they constitute – with fruit
– the backbone of most low-calorie diets, we can also as-
sume that many of the dietary formulations for body

weight control, while being low in fats may yet contain a
sizeable amount of natural estrone. The high estrone level
of milk may give another dimension to its salutary effect
on bone preservation – in addition to its being a good
source of minerals –, since estrogen is known to protect
bone calcium (25).

In rats, the greater amount of estrone fatty esters in the
diet of the HL-OE group caused more rapid weight in-
crease; higher loads of estrone esters reversed the trend,
however, leading to actual losses of body weight (unpub-
lished results), in line with the well-known slimming ef-
fects of oleoyl-estrone (20, 21). This effect may be prob-
ably due to the estrone moiety freed by esterases, since in
both groups of rats no changes were observed in the
plasma acyl-estrone levels in spite of almost double expo-
sure to the dietary compound.

The mean value of total estrone intake for the human
standard diet was about 16 nmol/kg⋅day (for a 70 kg indi-
vidual). When the data were corrected by an allometric
factor: BW0.75 (22), the data were closer to those of the
experimental animals: HL 36 nmol/kg0.75⋅day, HL-OE 62
nmol/kg0.75⋅day, and the diet calculated for humans,
46 nmol/kg0.75⋅day. Thus, the estrone intake of humans
(corrected by overall metabolic activity) is near or within
the range at which it causes significant increases in body
weight in rats. The widely distributed estrone esters in
food and their relatively high concentrations may result in
high hormone intakes in humans.

The data presented add new facts to the known fatten-
ing effect of estrone (20), the difference being the range
at which this effect occurs and the fact that here the es-
trone was given as esters included in the diet. The con-
tinued and massive intake of estrone may result in an
alteration of the ponderostat setting, and so cause fat
deposition and lead to obesity in rats (1). In spite of the
experimental part of this study having been developed
using only experimental animals, the levels of estrone
found in common foods, and its widespread distribution,
strongly point toward a possible influence of estrone on
human fat accretion. The wide consumption of some
foods of high estrone content may be a factor contributing
to the widespread distribution of obesity. More work is
needed to ascertain the possible importance of this newly
found dietary hazard, and on the availability and biologi-
cal effects of dietary estrone fatty esters. These pre-
liminary results strongly emphasize the need to widen the
study of the effects of estrone on fat deposition before we
can fully attribute obesity-inducing properties to dietary
estrone, but the present data point precisely in that direc-
tion.
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Table 3 Body composition of Zucker lean rats fed an hyper-
lipidic diet supplemented with acyl-estrone for 15 days

parameter units HL HL-OE

initial weight g 211 ± 8 204 ± 5

final weight g 224 ± 10 233 ± 6

body weight increase g / 15 d 13.9 ± 0.3 28.9 ± 1.6*

water content % 59.2 ± 1.1 59.3 ± 1.5

lipid content % 12.6 ± 0.9 13.4 ± 1.1

protein content % 18.9 ± 1.2 20.5 ± 2.4

energy content kJ / g 11.3 ± 0.7 11.6 ± 0.4

N = 5 animals per group; Statistical significance of the differences
between groups: * = P < 0.05.

Table 4 Plasma composition of Zucker lean rats fed an hyperlipi-
dic diet supplemented with acyl-estrone for 15 days

parameter units HL HL-OE

glucose mM 8.33 ± 0.23 8.46 ± 0.29

triacylglycerols mM 1.08 ± 0.29 1.05 ± 0.07

total cholesterol mM 1.58 ± 0.13 1.49 ± 0.06

urea mM 7.35 ± 0.24 7.76 ± 0.31

total protein g / L 62.0 ± 1.6 61.0 ± 1.2

total (acyl-) estrone nM 98 ± 9 95 ± 11

N= 5 animals per group; no statistically significant differences
were found for the parameters studied.
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