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EPIC-Heidelberg Cohort Study

Astrid Steinbrecher Jakob Linseisen

Division of Cancer Epidemiology, German Cancer Research Center, Heidelberg, Germany

Abstract

Background/Aims: To compile a database on content of in-
dividual glucosinolates in food and to describe the dietary
intake of individual glucosinolates in a German population.
Methods: Studies analysing the content of individual gluco-
sinolates in food were aggregated to form a database of 26
individual glucosinolates in 18 vegetables and condiments
consumed in Germany. This database was linked to food in-
take data derived from 24-hour diet recalls of 2,121 partici-
pants of the EPIC-Heidelberg cohort study. Results: Mean
total glucosinolate intake (+standard error) was 14.2 (+1.1)
mg/day for men and 14.8 (+1.3) mg/day for women. The in-
take increased with age and education; smokers ingested
less glucosinolates than never or former smokers. The quan-
titatively most important individual glucosinolates were
glucobrassicin and sinigrin with mean daily intakes of 3.5
(+0.3)and 1.7 (£0.2) mg/day for men, and 4.2 (+0.4) and 2.5
(£0.4) mg/day for women, respectively. Broccoli, Brussels
sprouts and cauliflower contributed most to the total gluco-
sinolate intake in this population. Conclusions: The estab-
lished database allowed for the first time the estimation of

dietary intake of individual glucosinolates. The database can
be used for epidemiological research on the role of gluco-
sinolates in health and disease.

Introduction

Glucosinolates are sulphur-containing plant metabo-
lites commonly found in cruciferous vegetables. Due to
the structural diversity of the side chain about 120 differ-
ent compounds can be distinguished, but only a small
subset of glucosinolates is present in foods commonly
consumed by humans. Upon cell rupture, glucosinolates
are cleaved by the plant enzyme myrosinase and, depend-
ing on the side chain structure, isothiocyanates or indole
metabolites can be formed. These breakdown products
are responsible for the typical pungent flavour associated
with Brassica vegetables and are considered as part of the
plant defence system [1, 2].

Evidence from cell and animal experiments indicates
that these compounds might exert positive health effects
[3]. Especially the anticarcinogenic properties of gluco-
sinolate breakdown products are currently under inves-
tigation, since isothiocyanates and indoles were shown to
be potent modulators of the detoxification system (de-
toxifying enzymes) [4].



Table 1. Individual glucosinolates in food [16, 23, 24, 30-72]

Cauli-  Broc- Red Savoy ~ White Sauer-  Brussels Kohl- Kale Chin. Turnip Swede

flower  coli cabbage cabbage cabbage kraut sprouts  rabi cabbage
Glucoibervirin 1.60 0.00 0.50 0.36 0.86  0.27 0.01 1.80 0.23 - 0.76 -
Glucoerucin 0.15 0.13 0.83 0.00 0.00 - 0.00 6.46 0.00 - 2.95 6.58
Dehydroerucin 0.00 0.00 0.00 0.00 0.00 - 0.00 0.00 0.00 0.00 0.00 0.00
Glucoberteroin - - - - - - - - - - 392 11.09
Glucoiberin 3.28 1.59 501  19.56 7.85 0.82 10.26 1.80  14.68 0.00 0.00 0.00
Glucoraphanin 020 2221 9.10 0.54 0.17  0.45 1.97 0.44 0.37 0.05 0.07 3.14
Glucoraphenin 0.41 0.00 0.00 0.00 0.00 - 0.00 0.82 0.00 - 0.00 -
Glucoalyssin 0.00 0.88 0.61 0.90 0.00 - 0.68 0.38 0.00 0.00 1.30 1.87
Glucocheirolin 0.00 0.00 - - 0.00 - 2.76 0.00 0.00 - 0.00 -
Glucoerysolin - - 1.13 2.49 .02 - - - - - 0.00 0.00
Glucocapparin - 0.00 - - - 0.00 - - - - 0.32
Glucocochlearin - - - - - - - - - 1.31 6.76
Sinigrin 4.74 0.19 377 17.06 16.31  0.49  44.50 0.30  12.47 0.00 0.60 0.00
Gluconapin 0.10 0.22 2.80 1.06 0.66  0.07 3.56 0.00 0.04 0.00  15.50 1.56
Glucobrassicanapin 0.00 1.08 0.00 0.00 0.00 - 0.00 0.00 0.00 4.30 9.30 2.03
Progoitrin 0.86 0.70 3.47 1.23 1.76 ~ 0.04 14.02 0.06 0.82 1.67 13.00 36.18
Epiprogoitrin 0.00 0.16 - - - 0.00 - 0.00 - - -
Napoleiferin 0.00 0.61 0.00 0.00 0.00 - 0.97 0.00 0.00 1.70 2.40 3.07
Glucotropaeolin 0.00 0.00 0.02 0.00 0.00 - 0.00 0.00 0.00 - 0.00 -
Gluconasturtiin 0.00 0.37 0.15 0.00 0.18  0.00 0.68 0.36 0.17 1.60  16.80  10.52
Sinalbin - - - - - - - - - - -
Glucobarbarin - 0.31 - - - - - - - - - -
Glucobrassicin 19.01  16.95 7.53 2055 13.60 696 43.82 490  15.11 2.93 1.33 4.70
4-Hydroxyglucobrassicin ~ 0.56 1.93 1.44 0.76 0.68 - 4.11 0.75 0.65 0.05 2.43 0.94
Neoglucobrassicin 2.65 7.91 0.05 0.54 054 - 0.48 2.01 1.30 0.73 2.32 7.25
4-Methoxyglucobrassicin =~ 1.36 2.07 2.24 3.83 279 - 5.53 0.25 3.35 2.88 0.37 1.54
Sum of GLS 3492 5731 38.64 6889 4642 910 13333 2032 49.20 1591 7436  97.56

Data are medians, presented in milligrams per 100 g fresh weight. GLS = Glucosinolates.

Epidemiological work on the association of dietary
glucosinolates and cancer is currently hampered due to
the lack of a suitable food composition database for glu-
cosinolates which is the prerequisite to estimate gluco-
sinolate intake. McNaughton and Marks [5] published
the first database on the content of total glucosinolates in
different vegetables in 2003. Due to structural differenc-
es in glucosinolates and subsequently in glucosinolate
breakdown products, potentially different biological ef-
fects of the single glucosinolates may exist which is also
supported by cell studies [4]. This argues for quantifica-
tion of the intake of individual glucosinolates.

Therefore, the aim of this study was to establish a da-
tabase on the individual glucosinolate content of foods
commonly consumed. Subsequently, these data are used
to evaluate the intake of individual glucosinolates in a
German population.
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Subjects and Methods

Database Compilation

Aliterature search was conducted to identify studies analysing
the glucosinolate content of foods commonly consumed by hu-
mans. The online databases Medline, BIOSIS Previews, Web of
Science (from 1996 onward) and AGRICOLA were accessed dur-
ing November 2006 and April 2007 to scan for articles containing
the term ‘glucosinolate’. Additional studies were found by sorting
through the reference list of previously identified articles. Like-
wise, citations in review papers were considered.

Studies eligible for inclusion in the database had to meet the
following criteria. The studies had to provide quantitative data on
individual glucosinolates (or isothiocyanates) measured by high-
performance liquid chromatography (HPLC) or gas chromatogra-
phy (GC). The analysed foods should have been cultivated for hu-
man consumption and no special cultivation treatment should
have been applied. Furthermore, studies had to be published in
English or German. Of the 117 studies identified, 46 met all inclu-
sion criteria and were used to compile a database on the content of
26 individual glucosinolates in 18 different vegetables or condi-
ments. To allow comparability between these studies, the gluco-



Radish Horse- Mus- Capers Water Garden
radish tard cress cress

0.00 - - - - -
0.75 - - - 3.26 -

49.54 - - - - -
0.00 - - - 0.00 -
0.64 - - - 0.00 -
2.16 - - - - -
0.00 - - - 0.00 -
0.00 - - - - -
- - - 11.33 - -
0.00 67.56 29.83 - 0.00 -
0.00 - - - 0.84 -
0.00 - - - 0.00 -
0.16 - - - 0.00 -
0.00 - - - 0.00 -
0.00 - - - - 1,069.22
0.00 46.58 - - 133.50 0.00
- - 29.83 - 14.30 -
0.87 - - - 52.24 -
0.60 - - - 0.00 -
0.00 - - - 0.00 -
1.64 - - - 32.25 -

56.35 114.14 59.65 11.33 236.39 1,069.22

sinolate content was converted to milligram/100 g fresh weight
based on molecular weights of individual glucosinolates and fresh
weight value of the respective vegetables as reported in the litera-
ture [6]. Data on isothiocyanates were converted to the corre-
sponding glucosinolate value, assuming that 1 mol of the isothio-
cyanate corresponds to 1 mol of the according glucosinolate. In
case of studies reporting several values for the same food, for ex-
ample, for different varieties or different harvesting dates, data
were used to calculate a mean value for each individual glucosino-
late. After compilation of all data from the selected studies, me-
dian values for the content of individual glucosinolate for the 18
foods were computed and included in the final database (table 1).

Study Population

The database was used to calculate the intake of individual
glucosinolates in a subgroup of the European Prospective Inves-
tigation into Cancer and Nutrition (EPIC)-Heidelberg cohort, for
which 24-hour diet recalls were available. The EPIC-Heidelberg
cohort contributes to the EPIC, a multicenter prospective study
primarily established to explore the relation between diet, various
lifestyle factors and chronic disease risk [7]. Between 1994 and
1998, 25,540 inhabitants of Heidelberg and surrounding commu-

nities aged 35-65 years in females and 40— 65 years in males com-
pleted a baseline examination, during which data on diet, lifestyle
and anthropometry were collected [8]. Dietary information was
assessed by a semi-quantitative self-administered food frequency
questionnaire. In order to compare dietary data obtained by dif-
ferent food frequency questionnaires used across EPIC-Europe, a
second dietary assessment tool, standardized computerised 24-
hour recalls by means of the EPIC-SOFT software, was applied to
arepresentative subsample of the EPIC cohorts [9]. In Heidelberg,
2,121 participants completed the 24-hour diet recall between June
1996 and October 1998; the participation rate was 91%. These
2,121 participants (1,034 men and 1,087 women) comprise the
study population for the current analysis. All participants gave
informed consent at recruitment. This study was approved by the
ethical committee of Heidelberg medical school.

Data Collection

In a random subset of the cohort, single 24-hour diet recalls
per participant were collected on all days of the week (according
to a random list), although Fridays were finally under-represent-
ed due to a lower availability of the participants for conducting
the recall on the following Saturday [10]. Dietary data were as-
sembled through trained interviewers using the software EPIC-
SOFT. A detailed description of EPIC-SOFT can be found else-
where [11]. In brief, a detailed description and quantification of
foods (including beverages), recipes and supplements consumed
on the recalled day was obtained from each participant. Mixed
recipes were broken down into ingredients, thus allowing the con-
sideration of glucosinolate-containing foods used as ingredients
for intake calculations. The reported foods were retrieved from a
food database implemented in the software and automatically
coded. Quantification was done in standard units, standard por-
tions or household measures with the additional help of a photo
book showing different foods in different portion sizes. Further
information about the cooking method used or the edible part
consumed was considered for intake calculation.

Food intake data was linked to the German Food Code and
Nutrient Data Base BLSIL.3 for calculation of energy and nutrient
intake [12, 13]. Furthermore, the food intake was linked with the
newly compiled database on glucosinolate content of different
foods and condiments which allowed intake calculation of 26 dif-
ferent glucosinolates for each participant.

Lifestyle and sociodemographic data were obtained via self-
administered questionnaires and computer-guided face-to-face
interviews during baseline examination [14]. Age was measured
continuously and grouped in 10-year age classes (35-45, 46-55
and 56-65). Following standardized procedures, weight and
height were measured during the participant’s visit at the study
centre at baseline examination [15]. Body mass index (BMI) was
calculated as body weight in kilograms divided by the square of
body height in meters and BMI groups (<25, 25-30 and =30
kg/m?) were created. For participants with missing data on height
(n = 3) and weight (n = 1), the sex-specific median was imputed
and those with missing information on educational attainment
(n = 2) were categorized into the none or primary group.

Statistical Analysis

Descriptive statistics of the study population are given as per-
centages for categorical variables and mean and standard devia-
tion for continuous variables. Single 24-hour recalls were used to
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Table 2. Variability of analytical data on sinigrin and glucobrassicin content in selected foods

Sinigrin Glucobrassicin

median QI-Q3 min-max median Q1-Q3 min-max
Cauliflower 4.7 3.4-14.2 0.7-30.1 19.0 7.1-26.4 2.8-127.8
Broccoli 0.2 0-0.3 0-0.5 17.0 8.5-32.8 4.3-190.6
Red cabbage 3.8 2.7-9.3 1.1-11.9 7.5 7.1-15.3 3.9-19.6
Savoy cabbage 17.1 15.5-17.9 5.1-37.0 20.6 14.1-34.3 10.8-59.8
White cabbage 16.3 10.3-21.7 3.6-43.3 13.6 6.9-16.9 2.1-22.1
Sauerkraut 0.5 - - 7.0 - -
Brussels sprouts 44.5 23.7-47.7 3.1-55.7 43.8 27.1-62.4 12.0-267.2
Kohlrabi 0.3 0-2.5 0-8.0 4.9 3.9-5.0 3.0-5.1
Kale 12.5 9.7-22.8 1.7-52.7 15.1 7.6-30.9 2.2-67.8
Chinese cabbage 0 - - 2.9 2.7-3.0 2.4-3.0
Turnip 0.6 0.3-1.2 0-1.8 1.3 0.7-2.6 0-3.8
Swede 0 0-0.2 0-0.3 4.7 45-6.3 43-7.8
Radish 0 0-0 0-0 0.9 0.6-1.1 0.6-2
Horseradish 67.6 - - - - -
Mustard 29.8 - - - - -
Watercress 0 - - 52.2 - -

Data are presented in milligrams per 100 g fresh weight. Capers and garden cress were omitted since they
contain neither sinigrin nor glucobrassicin. Q1-Q3 = Interquartile range; min-max = minimum to maximum;
- = not enough values/studies available to determine interquartile range/minimum and maximum.

describe dietary intake at the group level. Accordingly, average
daily intake of glucosinolates in milligram/day is given for men
and women and by age groups, presented as mean and standard
error of mean. To compare the intake of glucosinolates in differ-
ent subgroups according to lifestyle and sociodemographic fac-
tors, Wilcoxon and Kruskal-Wallis tests were used with a signifi-
cance level of o = 0.05. The contribution of food sources to the
average glucosinolate intake is expressed as mean percentage of
total intake. All statistical analyses were performed with SAS 9.1
(SAS Institute Inc., Cary, N.C., USA).

Results

The content of individual glucosinolates in different
vegetables included in the database is shown in table 1.
Some glucosinolates like glucobrassicin or sinigrin are
present in nearly all listed foods, while others are limited
to few specific plants. For example, noteworthy amounts
of glucocapparin can be found exclusively in capers and
glucotropaeolin is a clear indicator for garden cress. To
give an impression of the variability of glucosinolate con-
tents for different foods in our database, we showed the
interquartile range and the minimum and maximum
values of the glucosinolates sinigrin and glucobrassicin in
table 2.
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Characteristics of the study population for which the
glucosinolate intake was calculated are given in table 3.
The mean intake (*standard error) of total glucosino-
lates was 14.2 * 1.1 mg/day for men and 14.8 * 1.3 mg/
day for women (table 4) in the EPIC-Heidelberg cohort
study. Men ingested 6.6 mg/1,000 kcal total glucosino-
lates, which is distinctly lower than 9.1 mg/1,000 kcal cal-
culated for women. More than half of the ingested gluco-
sinolates had an aliphatic side chain structure (7.8 mg/
day for men and 8.4 mg/day for women), and sinigrin,
dehydroerucin, glucoraphanin and glucoiberin were
quantitatively the most important aliphatic glucosino-
lates. With 5.0 mg/day in men and 5.7 mg/day in women,
indolylglucosinolates contributed 35 and 38%, respec-
tively, to the total glucosinolate intake. The intake of glu-
cobrassicin as the main representative of this group was
3.5 mg/day in men and 4.2 mg/day in women. The lowest
contribution to overall glucosinolate intake was provided
by the group of aromatic glucosinolates with an average
contribution of 10% in men and 5% in women. Total glu-
cosinolate intake in men and women did not significant-
ly differ. However, in men and women, the mean intake
rose with higher age (p = 0.004) (table 5). Similarly, glu-
cosinolate intake increased significantly with education-
al attainment (p = 0.03) and smokers ingested less total



Table 3. Description of the EPIC-Heidelberg study population participating in 24-hour diet recalls (1996-

1998)

Men (n = 1,034) Women (n = 1,087)

n % n %

Age, years (mean & SD) 1,034 53.7%x7.0 1,087 50.3+8.5
Height, cm (mean * SD) 1,034 175.6 + 6.5 1,087 164.0+6.2
Weight, kg (mean % SD) 1,034 84.0xt12.6 1,087 68.4X12.5
BMI, kg/m? (mean * SD) 1,034 27.2%3.8 1,087 25,5438
Energy intake, kcal/day (mean = SD) 1,034  2,429.5+873.8 1,087 1,823.7 £ 627.2
Age categories

<45 years 139 13 349 32

45-55 years 406 39 337 31

>55 years 489 47 401 37
BMI categories (kg/m?)

<25 304 29 586 54

25-30 512 50 323 30

>30 218 21 178 16
Educational attainment

None or primary 349 34 285 26

Secondary/technical 362 35 554 51

Longer education 323 31 248 23
Smoking status

Never 358 35 559 51

Former 446 43 308 28

Current 230 22 220 20

glucosinolates than never or former smokers (p = 0.01).
BMI was not associated with intake. Similar results were
obtained when intake of glucosinolates was expressed per
1,000 kcal or intake of glucosinolate subgroups was eval-
uated.

Vegetables contributing most to the intake of total glu-
cosinolates were broccoli, Brussels sprouts and cauliflow-
er (table 6). This is also true for the subgroup of aliphatic
glucosinolates and indolylglucosinolates. Aromatic glu-
cosinolates occur only in few vegetables in noteworthy
amounts. Most of them were coded as recipe components
like mustard, cress or capers which contributed most to
the intake of this subgroup.

Discussion

So far, most epidemiological studies on the association
between glucosinolates or glucosinolate breakdown prod-
ucts and disease risk used food consumption data, that s,
intake of cruciferous vegetables, as exposure measure.
This might be due to the lack of appropriate glucosinolate
databases. This study is the first to establish a database

on glucosinolate content of foods consumed by humans
which focuses not just on the total amount of glucosino-
lates but on the individual compounds. This distinction
seems reasonable since glucosinolates form a variety of
different breakdown products depending on the side
chain structure, which in turn might lead to divergent
biological effects. For example, sulforaphane, the break-
down product of glucoraphanin, is a potent inducer of
phase II enzymes in cultured human cells. Glucobrassi-
cin is metabolized to indole-3-carbinol and the subse-
quently formed acidic condensation products have been
shown to influence also the activity of phase I enzymes
[4].

In 2003, McNaughton and Marks [5] summarized the
available literature consisting of 18 studies to form the
first database on total glucosinolate contents of crucifer-
ous vegetables; all of these studies which reported the
amount of individual glucosinolates are included in our
database. Additionally, further studies were identified by
extensive literature search and carefully assessed before
entering them into the database. It was our basic aim to
establish a database which can be used to estimate the
intake of individual glucosinolates in a German popula-
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Table 4. Mean (*+standard error of the mean) intake of total glu-
cosinolates, glucosinolate subgroups and individual glucosino-
lates in men and women of the EPIC-Heidelberg study who pro-
vided a 24-hour diet recall (n = 2,121)

Men Women
Total glucosinolates 14.20£1.12 14.80+1.29
Aliphatic glucosinolates
Glucoibervirin 0.20%£0.02 0.19%0.02
Glucoerucin 0.30£0.05 0.22£0.03
Dehydroerucin 1.69£0.29 1.60£0.22
Glucoberteroin 0.05£0.02 0.03+0.01
Glucoiberin 1.01+0.10 1.14%0.13
Glucoraphanin 1.48+0.21 1.23£0.18
Glucoraphenin 0.12£0.01 0.11+0.01
Glucoalyssin 0.10%£0.01 0.09£0.01
Glucocheirolin 0.01%£0.01 0.07£0.02
Glucoerysolin 0.09£0.01 0.07£0.01
Glucocapparin 0.02+0.00 0.02£0.00
Glucocochlearin 0.02%0.01 0.01£0.00
Sinigrin 1.69+0.19 2.46+0.37
Gluconapin 0.29£0.05 0.26 £0.04
Glucobrassicanapin 0.17%£0.03 0.13£0.02
Progoitrin 0.48%+0.07 0.67£0.11
Epiprogoitrin 0.01£0.00 0.01£0.00
Napoleiferin 0.07£0.01 0.08 £0.01
Total 7.81 £0.59 8.37£0.75
Indolylglucosinolates
Glucobrassicin 3.54%+0.33 4.15+0.42
Hydroxyglucobrassicin 0.28£0.03 0.32+0.04
Neoglucobrassicin 0.68 £0.08 0.60+0.07
Methoxyglucobrassicin 0.50+£0.04 0.58+0.06
Total 5.01%+0.45 5.65*0.55
Aromatic glucosinolates
Glucotropaeolin 0.60£0.52 0.30£0.20
Gluconasturtiin 0.42%+0.08 0.31£0.06
Sinalbin 0.36+0.05 0.17£0.02
Glucobarbarin 0.02+0.00 0.01+0.00
Total 1.39+0.53 0.79%£0.21

Data are presented in milligrams per day.

tion. Thus, studies reporting glucosinolate data on seeds,
seedlings or parts of the plants normally not consumed
by humans were discarded. Similarly, varieties grown as
fodder or of no marketable quality were not included. If
a special cultivation method was used, only the results for
the control group were taken. Whenever indicated that a
certain variety was cultivated for the European market,
only those values were entered into the database. This is
the case especially for radish, since the varieties for Eu-
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rope are cultured to have less pungent flavour and, there-
fore, less dehydroerucin which is the main glucosinolate
in radish [16]. Finally, the focus was on vegetables con-
sumed by participants of the EPIC-Heidelberg study;
thus, the glucosinolate-containing vegetables rocket,
rape, wasabi, papaya or some Asian cabbage varieties like
bok choi, kai lan or kai choi were not included here. Con-
cerning the analytical methods for food analysis, only re-
sults from GC- or HPLC-based methods for glucosino-
late determination were entered into the database, since
comparability of both methods in terms of precision can
be assumed [17]. Other methods to analyse glucosinolate
or respective isothiocyanate levels in food are the glucose
release method [18] and the cyclocondensation assay [19].
However, both methods quantify only the total amount
and do not measure individual glucosinolates.

For most vegetables or condiments, several studies
were available; thus, an average value (median) for the
glucosinolate contents was calculated. Nevertheless, for
some foods the data basis was quite scarce. As aresult, the
values for horseradish, capers, mustard and sauerkraut
are all based each on the result of 1 study. The reported
values of glucosinolate contents of a certain food varied
considerably, which led to the decision to calculate me-
dian instead of mean values. The high variability is eas-
ily explained by natural variation, since a lot of factors
influence the amount of glucosinolates in a plant. Besides
the cultivar, harvest time and growing conditions, like
soil type, water supply or fertilisation, affect the gluco-
sinolate content [20]. However, small differences in ana-
lytical methods or during sample preparation and han-
dling can impact on the results of the measurement and
therefore contribute to the variability.

For all above-mentioned reasons, glucosinolate intake
estimates based on our glucosinolate database will differ
from the true intake of an individual. Still, true intake
values can only be determined by means of the duplicate
method, that is, chemical analysis of the consumed diet,
an approach which is simply not feasible in epidemiolog-
ical settings with large sample sizes or with a focus on
usual food consumption over a prolonged time period.

Linking this database with food consumption data of
participants of the EPIC-Heidelberg cohort who com-
pleted a 24-hour diet recall yielded a mean intake of total
glucosinolates of 14.2 mg/day for men and 14.8 mg/day
for women. In comparison, in the Spanish EPIC cohort a
mean intake of total glucosinolates of 6.8 mg/day for men
and 6.2 mg/day for women was found [21]. These intake
estimates were computed based on dietary data obtained
via a diet history method (assessing habitual food intake)



Table 5. Mean (*standard error of the mean) intake of glucosinolates and glucosinolate subgroups in men and women of the EPIC-
Heidelberg study who provided a 24-hour diet recall (n = 2,121), by age groups

Men Women

<45 years 45-55 years >55 years <45 years 45-55 years >55 years
Total glucosinolates 11.00 £2.35 12.70£1.68 16.40+1.80 11.70 £1.82 15.40 £2.40 17.00 +£2.40
Aliphatic glucosinolates 7.10x 1.64 6.93£0.92 8.76x0.87 6.68 £ 1.04 8.09+1.34 10.10+£1.34
Indolyl glucosinolates 3.39£0.87 4.92%0.81 5.53£0.62 4.64x0.81 5.86 x1.01 6.36 £1.01
Aromatic glucosinolates 0.50£0.10 0.88x0.21 2.07x1.11 0.39%0.06 1.49 £ 0.66 0.55*0.66

Data are presented in milligrams per day.

and linked with the database on total glucosinolate con-
tent of food compiled by McNaughton and Marks [5].
The higher intake of glucosinolates in EPIC-Heidelberg
should be mainly due to a higher consumption of cab-
bages in EPIC-Heidelberg [22] and the consideration of
more glucosinolate-containing vegetables for intake cal-
culation in our study. Furthermore, the intake estimates
in EPIC-Spain accounted for losses of glucosinolates
through food storage and processing. However, results
are also affected by differences in the dietary assessment
methods and the applied glucosinolate database.

Some studies reporting glucosinolate intake estimates
performed their calculations using glucosinolate data ob-
tained by their own laboratory analyses of food. Hrncirik
and Velisek [23] reported a mean intake of total gluco-
sinolates of 4.7 mg/day for the Czech Republic by linking
the result of HPLC-based glucosinolate analyses of 5 dif-
ferent Brassica vegetables to the aggregated Czech food
consumption data from 1993. Other studies reported dis-
tinctly higher mean intake estimates for total glucosino-
lates. A study from the United Kingdom used food intake
data of the 1980 National Food Survey to estimate a mean
total glucosinolate intake of 29.4 mg/day from cooked
and 46.1 mg/day from fresh vegetables [24]. Another Ger-
man study reported a mean intake of total glucosinolates
of 43.1 mg/day per person [25] based on the per capita
consumption (from trade statistics) of cabbage, cauli-
flower and Brussels sprouts for the year 1989. In a follow-
ing publication, the same author confirmed his earlier
results by estimating the glucosinolate intake of a repre-
sentative sample of the region Potsdam for 1992/93 to be
41.1 mg/day [26]. Thus, in comparison to our estimates,
these latter intake values are considerably higher, which
is even more surprising, since their intake estimates are
based only on 10 glucosinolate-containing vegetables in
contrast to the 18 vegetables we used. However, in the

Table 6. Percent contribution of selected vegetables to the dietary
intake of total, aliphatic, indolyl and aromatic glucosinolates in
participants of the EPIC-Heidelberg study who provided a 24-
hour diet recall (n = 2,121)

Glucosinolates, % of total intake

total aliphatic indolyl  aromatic
Broccoli 19 16 26 3
Brussels sprouts 14 15 15 1
Cauliflower 13 8 25 0
Radish 13 22 2 0
White cabbage 9 10 9 0
Red cabbage 6 7 4 0
Savoy cabbage 5 6 5 0
Swede/turnip 4 5 1 12
Mustard 3 3 0 22
Miscellaneous! 8 4 1 57

! Recipe components like mustard, cress, capers or horserad-
ish.

Potsdam study the glucosinolate content of vegetables
was obtained from the researchers’ own analyses with the
glucose-release method which yielded generally much
higher values than the GC- or HPLC-based results in-
cluded in our database. Additionally, differences in food
choices between the Potsdam and the Heidelberg study
populations might help to explain the observed differ-
ences in glucosinolate intakes, since a higher cabbage in-
take in the Potsdam study [27] eventually will lead to
higher glucosinolate intake values.

Next to the differences in dietary assessment methods
applied and differences in glucosinolate level assigned to
foods, several other factors could affect estimates of glu-
cosinolate intake and, thus, complicate direct compari-
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son of study results. We included the consumption of
some glucosinolate-containing foods like mustard, tur-
nip or radish in our intake calculation, but these foods/
condiments were often not considered in other studies.
Furthermore, dietary habits differ not only between
countries but might also vary according to regional hab-
its or time within the same country. Additionally, some
population characteristics like the age structure, educa-
tional attainment or smoking status impact on food con-
sumption and therefore on glucosinolate intake, as shown
in the present study or in the Spanish EPIC cohort [21].
These effects may be more pronounced if studies are
small and not population based. Furthermore, storage
time, processing conditions and preparation methods
have an effect on glucosinolate content of foods that is not
negligible [28]. For example, cooking leads to an average
loss of glucosinolates of 36% in cruciferous vegetables
[24]. However, the decrease depends on the food ana-
lysed, ranging from 28% for cabbage to 48% for swede/
turnip. Similarly, the decrease is not uniform over the in-
dividual glucosinolates, ranging from 34% for sinigrin to
59% for neoglucobrassicin [24]. Since the methods ap-
plied for food preparation are manifold, and numerous
factors influencing the food content of glucosinolates
during processing still need to be evaluated, we refrain
from reporting glucosinolate losses due to preparation
method or considering them in our intake analyses. Thus,
the glucosinolate intake data presented here represent an
overestimation of the true intake.

The strength of our results is the use of a database spe-
cifically designed to evaluate the intake of individual glu-
cosinolates taking most exact food analysis data from all
relevant foods providing glucosinolates into account.
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