Intake of Potentially Anticarcinogenic Flavonoids
and Their Determinants in Adults in The
Netherlands

Michaél G. L. Hertog, Peter C. H. Hollman, Martijn B. Katan, and Daan
Kromhout

Abstract

Flavonoids are strong antioxidants that occur naturally in foods and can inhibit carcinogenesis
in rodents. Accurate data on population-wide intakes of flavonoids are not available. Here, using
data of the Dutch National Food Consumption Survey 19871988, we report the intake of the
potentially anticarcinogenic flavonoids quercetin, kaempferol, myricetin, apigenin, and luteolin
among 4,112 adults. The flavonoid content of vegetables, fruits, and beverages was determined
by high-performance liquid chromatography. In all subjects, average intake of all flavonoids
combined was 23 mg/day. The most important flavonoid was the flavonol quercetin (mean intake
16 mg/day). The most important sources of flavonoids were tea (48% of total intake), onions
(29%), and apples (7%). Flavonoid intake did not vary between seasons; it was not correlated
with total energy intake (r=0.001), and it was only weakly correlated with the intake of vitamin
A (retinol equivalents, r = 0.14), dietary fiber (r = 0.21), and vitamin C (r=0.26). Our use of
new analytic technology suggests that in the past flavonoid intake has been overestimated fivefold.
However, on a milligram-per-day basis, the intake of the antioxidant flavonoids still exceeded
that of the antioxidants B-carotene and vitamin E. Thus flavonoids represent an important source
of antioxidants in the human diet.

(Nutr Cancer 20, 21-29, 1993)

Introduction

Flavonoids are diphenylpropanoids (Figure 1) that occur ubiquitously in plant foods and
are important constituents of the human diet. Although flavonoids are generally considered
to be nonnutritive agents, interest in flavonoids has arisen because of their potential role in
the prevention of human cancer. Flavonoids are strong antioxidants (1,2) and scavengers of
free radicals (3,4), which are possibly involved in cell damage and tumor promotion (5,6).
Quercetin and other related flavonoids inhibited carcinogen-induced tumors in rats and mice

(7-10). Quercetin also inhibited proliferation of human colon cancer cells (11,12). Some
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Figure 1. Structure of flavonoids. Flavonols: X = OH; quercetin: R1 = OH, R2 = H; kaempferol: R1 =H, R2=H;
myricetin: R1 = OH, R2 = OH. Flavones: X = H; apigenin: R1 = H, R2 = H, luteolin: R1 = OH, R2 =H.

flavonoids (e.g., quercetin) were also mutagenic in bacterial test systems (13,14), but quercetin
was not mutagenic in vivo (15). Quercetin at a level of 2% in the diet was found to induce
bladder tumors in rats (16); however, these results could not be confirmed in other studies
using quercetin levels up to 10% of the diet (17-19).

In a large number of epidemiological studies investigating relationships between diet and
cancer, a protective effect of the consumption of vegetables and fruits on various types of
cancer has been found (20). This protective effect has been generally attributed to the
antioxidative capacities of vitamin C and p-carotene present in these foods (21). However, the
significance of other potentially protective compounds, such as flavonoids present in vegetables
and fruits, has become an important issue (22). Until now, epidemiological studies on the
effects of flavonoids on human health have not been carried out because of a lack of accurate
data on flavonoid content of common foods and intake in humans. Kithnau (23) estimated
that the combined intake of flavonoids is approximately 1g/day. However, this estimation was
based mainly on food analyses using techniques of doubtful accuracy. Furthermore, no
information is available on the intake of individual flavonoids such as quercetin,

Flavonoids consist mainly of anthocyanidins, flavonols, flavones, catechins, and flavanones
(24,25). We selected three major flavonols, quercetin, kaempferol, and myricetin, and two
major flavones, luteolin and apigenin, because these flavonoids were most widely investigated
in studies on anticarcinogenesis in experimental animals. We developed and validated a
quantitative method for the determination of these flavonoids in foods (26), and we determined
the flavonoid content of foods commonly consumed in The Netherlands (27,28). We now

report the intake of these flavonoids and their determinants in a large representative
population sample in The Netherlands.

Materials and Methods

Food Consumption Survey

The Dutch National Food Consumption Survey was carried out among a representative
sample of 5,898 individuals, aged 1-74 years, between April 1987 and March 1988. In the
present study, we only used data of adults >19 years of age (n = 4,112). Institutionalized
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Table 1. Daily Intake of Selected Nutrients and Consumption of Selected Food
Groups (Dutch Food Consumption Survey, 1987-1988)2
Nutrients and Food Groups Men (n = 1,896) Women (1 = 2,216)
Total energy ’
MlJ/day 11.5+£29 85+24
keal/day 2,745 * 692 2,047 + 570
Fat, % of energy 40.5 £ 6.8 41.1+74
Protein, % of energy 13.1+2.8 143 %3.6
Carbohydrate, % of energy 41.21+7.1 418+ 7.6
Alcohol, % of energy 52+£5.9 28147
Dietary fiber, g/day 270197 21.7+72
Vitamin C, mg/day 76.4 + 56.6 76.8 £ 52.3
Retinol equivalents, mg/day 1.1+£0.8 0.9 £ 0.7
Vegetables, g/day 163 £ 105 154 + 102
Fruits, g/day 152 + 155 186 + 161
Legumes, g/day 8 £33 7+28
Nonalcoholic beverages, g/day 1,115 + 429 1,109 + 447
Alcoholic beverages, g/day 383 + 520 94 + 193
a: Values are means + SD of 4,112 adults.

subjects and subjects who could not speak Dutch were not eligible. Design and methods of
this survey are described in detail elsewhere (29). Information on food intake was collected
by specially trained dietitians using a two-day record. Information on special dietary practices
and smoking habits was also collected. Data collection was equally distributed over the seven
days of the week and over the year (holidays excluded). Average nutrient intake per day was
calculated using the 1986-1987 release of the Dutch Food Composition Data Bank. Table 1
reports intake of some nutrients and some selected food groups. These values are comparable
to those obtained in other Western countries including the United States (30).

Food Analysis

Quercetin, kaempferol, myricetin, luteolin, and apigenin were determined by reverse-phase
high-performance liquid chromatography (RP-HPLC) in 28 types of vegetables, 12 types of
fruits, and 9 types of beverages (26-28). The sampling included foods that are often associated
with low risk of cancer, such as green-yellow vegetables, cruciferous vegetables, and citrus
fruits (31), and are commonly consumed in The Netherlands. Sampling of each of the
vegetables and fruits was carried out in three seasons: spting, summer, and winter. Each food
was purchased in a supermarket, in a grocery, and in an open-air street market, combined
per food into a composite, and analyzed. Canned and other processed foods (3 brands of
each food) were bought in a supermarket and combined into composites before analysis. Six
different types of tea (prepared according to Dutch customs), five types of wine, and four
types of fruit juice were analyzed. Coffee was analyzed additionally, but flavonoid levels in
coffee were below the limit of detection (<0.5 mg/l) (28).

The method of analysis (26-28) consisted of extraction and acid hydrolysis of the flavonoid
glycosides with HCl in 50% aqueous methanol followed by RP-HPLC and ultraviolet detection
of the flavonoid aglycones. Identification and quantification of the flavonoids was performed
by cochromatography with pure standards. In addition, identity and purity of the flavonoids
were confirmed by diode-array detection on-line. Analytic quality control was performed by
including control samples with a known amount of flavonoids in every series of analysis.
Limit of detection for all flavonoids was approximately 1 mg/kg of fresh food. The mean
flavonoid content, expressed as aglycons, of some selected foods is reported in Table 2.
Additional data have been published elsewhere (26-28).
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Table 2. Flavonoid Content of Selected Fresh Vegetables, Fruits, and Beverages
Commonly Consumed in the Netherlands#

Food Quercetin Kaempferol Myricetin Apigenin Luteolin
Lettuce 14+ 14 <2 <1 <2 <1
Onion 347 + 63 <2 <1 <2 <1
Endive <1 46 + 42 <1 <2 <1
Broad beans? 20 <2 25 <2 <1
Celery <1 <2 <1 108 22
Apple¢ 36119 <2 <1 <2 <1
Wine (red)>4 11£5 <1 9+3 <1 <05
Tea (black)>4 202 14+3 ’ 25+12 <1 <0.5
Apple juicet¥ 2.8 <1 <0.5 <1 <05

a: Values are means £ SD in mg/kg; < 0.5, <1, and <2 are below limit of detection.
b: Sampled only once.

¢;: Means + SD of 5 varieties.
d: Expressed in mg/l.

Calculation of Flavonoid Intake

Individual flavonoid intake was calculated by multiplying the consumption of each food
by its flavonoid content. Flavonoid content was known for approximately 95% of all
flavonoid-containing foods that are commonly consumed in The Netherlands. Individual
intake of a particular fresh food was calculated by adding the amounts of raw and prepared
food consumed, with weight losses due to preparation taken into account. We did not correct
for loss of flavonoids due to preparation, because in a preliminary study flavonoids proved
to be heat stable, with losses <20% (unpublished observations). For most foods, the year mean
value of the flavonoid content was used, because seasonal variability proved to be low.
However, for fresh leafy vegetables such as lettuce, leek, and endive, season-specific values
were used. Statistical analyses were carried out using the SAS statistical package (version 6)

(32). Spearman’s rank correlations between flavonoid intake and selected nutrients were
computed.

Results

Average intake of flavonoids was 23 mg/day (10th and 90th percentiles: 4 and 46 mg/day).
Seventy-six participants (2%) had a flavonoid intake of 0 mg/day on the two particular days
on which they were surveyed. Quercetin contributed about 70% of flavonoid intake,
kaempferol 17%, myricetin 6%, and luteolin and apigenin 4% and 3%, respectively. Mean
intake of quercetin was 16 mg/day (10th and 90th percentiles: 3 and 34 mg/day). Total
flavonoid and quercetin intake varied only slightly by age and sex (Table 3). Intake was
highest in the oldest age strata and tended to be higher in women than in men. The median
and percentiles indicate that flavonoid intake is strongly skewed toward the higher values.
This is also reflected in Figure 2, which shows the distribution of flavonoid intake of the total
population.

' Flavonoid intake was approximately 21% lower in heavy smokers than in nonsmokers or
l.lght smokers (Table 4). Male vegetarians had a 36% and female vegetarians a 43% higher
intake of flavonoids than nonvegetarians. Mean flavonoid intake in summer and fall was 22
mg/day, and in winter and in spring it was 23 mg/day.

Table 5 lists the top 10 foods contributing to total flavonoid intake. Tea was the major
source of flavonoids at 48%, followed by onions at 29% and apples at 7%. We also investigated
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Table 3. Flavonoid and Quercetin Intake by Sex and Age Group (Dutch National
Food Consumption Survey, 1987-1988)¢
Flavonoids® Quercetin
Percentile Percentile
n Mean 10th 50th 90th Mean 10th 50th 90th
Men
All ages 1,896 22 3 17 46 16 2 11 35
20-39 yrs 901 21 3 15 47 16 1 10 36
40-59 yrs 641 22 3 17 45 15 2 11 35
260 yrs 354 24 6 21 46 16 4 13 33
Women

All ages 2,216 23 5 20 45 16 3 13 33
20-39 yrs 1,083 23 4 18 48 16 2 12 34
40-59 yrs 706 24 5 20 45 16 3 13 32
260 y1s 427 25 8 23 43 16 5 14 31
a: Values are expressed in mg/day.
b: Sum of quercetin, kaempferol, myricetin, apigenin, and luteolin.
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Figure 2. Histogram of flavonoid intake of 4,112 adults interviewed in Dutch National Food Consumption Survey,
1987-1988.

the contribution of different foods in a subgroup of subjects consuming >50 mg of flavonoids
per day. Mean flavonoid intake in this subgroup was 68 mg/day. Tea and onions remained
the most important sources, followed by kale. All beverages combined accounted for about
50% of flavonoid intake, whereas vegetables accounted for 40% and fruits for 10%. Flavonoid
intake was not correlated with total energy intake (r = 0.001, p > 0.05) and only weakly with
intake of vitamin A (retinol equivalents; r = 0.14, p < 0.01), dietary fiber (r = 0.21, p < 0.01),
.and vitamin C (r = 0.26, p < 0.01).
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Table 4. Mean Flavonoid Intake Adjusted for Age According to Cigarette Use and
Dietary Practice (Dutch National Food Consumption Survey, 1987-1988)

Men (7 = 1,896) Women (n = 2,216)

Flavonoid Intake,? Flavonoid Intake,?
n mg/day n mg/day
Smokers

Cigarettes/day

0 1,000 23 1,413 25

1-9 318 23 242 22

> 10 578 18 561 20

Vegetarians

Yes 32 30 63 33
No 1,864 22 2,153 23

a: Sum of quercetin, kaempferol, myricetin, apigenin, and luteolin.

Table 5. Contribution of Various Foods to Flavonoid Intake in Adults and in a
Subgroup Consuming >50 mg/day?

Subjects With Intake >50 mg/day

All Subjects (7 = 4,112) (n=333)
Food Percent (rank) Cumulative Percentage Percent (rank) = Cumulative Percentage
Tea 48.1 (1) 43.1 38.8 (2) 38.8
Onions 28.9 (2) 77.0 434 (1) 82.2
Apples 7.1(3) 84.1 324 85.5
Kale 3.6 (4 87.7 9.0 (3) 94.5
French beans 2.9 (5 90.6 1.1 (6) 95.6
Endive 2.2 (6) 92.8 1.5(5) 97.1
Red wine 0.9 (N 93.7 0.4 (7D 97.5
Applesauce 0.7 (8) 94.4 0.3(8) 97.9
Oranges 0.6 (9) 95.0 0.3 ©9) 98.2
Leek 0.5 (10) 95.5 0.3 (10) 98.5

a: Flavonoid intake is sum of quercetin, kaempferol, myricetin, apigenin, and luteolin.

Discussion

To our knowledge, this is the first estimation of the intake of flavonoids in a large population
sample by use of analytic data obtained by HPLC. Kiihnau (23) estimated that the average
intake of all flavonoids combined was approximately 1 g/day, of which about 170 mg
(expressed as glycosides) were flavonols, flavones, and flavanones. This is approximately 115
mg expressed as aglycons such as quercetin. This estimation was based on the average
American diet as accounted for in the Food Consumption Statistics 1955-1971 of the
Organization for Economic Cooperation and Development (OECD, Paris, 1973). These values
have been widely quoted (1-19). Our results, expressed as aglycons, suggest that the intake
of flavonols and flavones in a Western population is approximately fivefold lower than
Kiihnau’s estimate, but a direct comparison between the two values is difficult. We did not
include flavanones in our analysis, because no studies have reported anticarcinogenic activities
of this class of flavonoids. Because the occurrence of flavanones is limited to citrus fruits at
levels between 70 and 160 mg/kg (33), resulting in a mean intake of 5 mg/day on the basis of
our data, they cannot account for the large difference between our results and the estimation
of Kiihnau. It is more likely that the high values reported by Kithnau are due to an
overestimation of the flavonoid content of foods. The estimation of Kithnau was based on
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techniques now considered inappropriate, the most advanced being thin-layer chromatography
followed by a spectrophotometric measurement. In addition, these data were based on analyses
of the whole foods as opposed to analyses of the edible parts in our study. In general, our
values obtained by HPLC (26-28) are considerably lower than those cited by Kiihnau.
Moreover the OECD Food Consumption Statistics used by Kiihnau are based on food
disappearance values, which overestimate the intake of foods. Changes in dietary practices
between 1971 and 1988 would, rather, suggest a higher intake of flavonoids in The Netherlands
in 1988 because of the increased consumption of vegetables and fruits in this period. It is
unlikely that we missed important potential sources of flavonoids, because we included all
foods of vegetable origin consumed at an average level of >1 g/day.

Quercetin is quantitatively the most important of the five flavonoids investigated, followed
by kaempferol. Myricetin, luteolin, and apigenin are far less important. Quercetin is the
predominant flavonoid found in foods, and, as a consequence, it has been used in most studies
investigating physiological and biologic effects of flavonoids. Tea was the most important
contributor to total flavonoid intake, followed by onions and apples (cumulative percentage
84) in this population. Because consumption of tea, onions, and apples does not vary between
the seasons, seasonal variability in flavonoid intake was low.

Average tea consumption of the total population was approximately 2 cups/day (294 +
310 ml), average onion consumption was 16 * 32 g/day, and average apple consumption
was 45 + 71 g/day. The range of flavonoid intake was very large; we found an
approximately tenfold difference between the 10th and the 90th percentile. Participants
with a zero flavonoid intake had a vitamin C intake of 29 mg/day, which is less than half
the intake of vitamin C in the rest of the subjects (77 mg/day). The higher intake in women
and in older age groups could be explained by a higher tea consumption. Onion and apple
consumption was comparable in men and women. Consumption of onions was lower in
older age groups, whereas consumption of apples was virtually constant over the four age
groups. Heavy smokers had a lower flavonoid intake than nonsmokers or light smokers,
which could be explained by a low consumption of tea and apples by heavy smokers.
Onion consumption was approximately the same in the three smoking groups. Vegetarians
consumed more tea, apples, and onions than nonvegetarians, which explains their high
intake of flavonoids.

We conclude that flavonoids and especially quercetin are common components of the
human diet. Unexpectedly, tea was the major contributor of flavonoids in this population,
and the contribution of all vegetables combined, including onions at 29%, was approximately
40%. Thus the foods often associated with low rates of cancer in epidemiological studies, such
as green-yellow vegetables and cruciferous vegetables (31), are not major sources of flavonoids
in this population. However, in populations with other dietary practices, the importance of
contribution of various foods may be different. In experimental animal studies, polyphenolic
compounds in tea, such as quercetin, had anticarcinogenic effects (34,35). In epidemiological
studies, little attention has been paid to the effects of tea on carcinogenesis, and the results
are conflicting (36).

In adults, mean intake of the five antioxidant flavonoids combined is 23 mg/day. Intake of
flavonoids thus exceeds that of other dietary antioxidants such as p-carotene (2-3 mg/day)
and vitamin E (7-10 mg/day) and equals approximately one-third of that of vitamin C (70100
mg/day) (30,31). Furthermore, flavonoids are heat stable, and losses due to cooking and frying
are low (unpublished observations). Thus flavonoids make a major contribution to the
antioxidant potential of the diet in Western populations. Flavonoid intake was only weakly
correlated with the intake of vitamin C, vitamin A (retinol equivalents), and dietary fiber,
which have traditionally been regarded as cancer-protective factors in vegetables and fruits.
This lack of intercorrelation offers the possibility to study the anticarcinogenic effects of
flavonoids in epidemiological studies without the pitfalls of multicollinearity. Antioxidant
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flavonoids such as quercetin also inhibited oxidation and cytotoxicity of low-density
lipoproteins in vitro (37,38), which may decrease their atherogenicity and, subsequently, risk
of coronary heart disease (39). It is therefore of interest to study the relationship between
flavonoid consumption and the risk of chronic diseases in an epidemiological context.
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