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Stellingen 

1. Gehaltes van flavonolen in plasma en urine zijn geschikte indicatoren om mensen 
met een lage en een hoge inneming van deze stoffen uit de voeding van elkaar te 
kunnen onderscheiden. Dit proefschrift. 

2. De bestaande voedselfrequentiemethodes zijn niet geschikt om de inneming van 
flavonoiden nauwkeurig vast te stellen. Mogelijke verbanden tussen de inneming van 
flavonoiden, vastgesteld met deze methodes, en het voorkomen van ziekten zijn 
daarom moeilijk aan te tonen. O.a. dit proefschrift. 

3. Rode wijn is geen goede bron van biobeschikbare flavonolen. Daarom kan inneming 
van deze stoffen met rode wijn de Franse paradox niet verklaren. 
Dit proefschrift. 

4. Het afwijzen van methodes voor het vaststellen van de voedselconsumptie alleen 
omdat ze te duur zijn, kan worden aangemerkt als zuinigheid die de wijsheid 
bedriegt. 

5. Biologische indicatoren zullen een belangrijke methode zijn voor het meten van de 
voedselconsumptie in een toekomstig Europa zonder grenzen, omdat ze objectieve 
vergelijking tussen studies in verschillende landen beter mogelijk maken dan andere 
voedselconsumptiemethodes. O.a. P. van 't Veer et al. Eur J Clin Nutr 1993; 47, 
Suppl2, S58-S63. 

6. Met uitzondering van de te onderzoeken voedingsstof heeft een goede proefvoeding 
niet alleen precies dezelfde samenstelling als de controlevoeding qua 
voedingsstoffen, maar ook qua voedingsmiddelen. 

7. Naarmate experimenten beter zijn opgezet wordt de kans op het optreden van het 
placebo-effect groter. 

8. Paramedici, zoals verloskundigen, fysiotherapeuten en dietisten, zouden verplicht 
moeten worden hun therapieen op een wetenschappelijk verantwoorde wijze te 
evalueren, omdat van sommige behandelingsmethodes schadelijke neveneffecten niet 
uit te sluiten zijn. 

9. Er zal meer aandacht moeten komen voor het ontwikkelen van aantrekkelijke 
gemakkelijk vol te houden dieten als therapie voor cholesterolverlaging, zodat het 
maximaal mogelijke effect kan worden gehaald. D. Kromhout, Diet-heart issues in 
a pharmacological era. Lancet 1996;348:S20-S22. 

10. Korter werken is beter voor de economie. 



Stellingen 

11. Pas als niet alleen 's morgens evenveel vaders als moeders hun kinderen naar school 
brengen, maar ook 's middags ouders van beide sexen evenredig vertegenwoordigd 
zijn voor het halen van de kinderen zal de emancipatie van mannen en vrouwen een 
feit zijn. 

12. Het belangrijkste resultaat verkregen bij het bereiken van het einde van de weg is 
het plezier waarmee je hem hebt afgelegd. 

Stellingen behorend bij het proefschrift 
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Abstract 

Assessment of flavonoid and fatty acid intake by chemical analysis of 
biomarkers and of duplicate diets 

PhD thesis, Jeanne H.M. de Vries, Division of Human Nutrition and Epidemiology, 
Wageningen Agricultural University, the Netherlands. February 6, 1998 

Dietary intake is important to investigate the relationship between diet and the occurrence 
of disease. However, it is difficult to assess the intake of nutrients such as flavonoids, minor 
fatty acids and plant sterols because the data on these nutrients in food composition tables 
are insufficient or because the bioavailability of these nutrients differs between foods. The 
results of studies investigating the relationship of these nutrients to disease are inconsistent, 
perhaps because of errors in the methods used to assess nutrient intake. The aim of this 
thesis was to evaluate physically and chemically based methods of measuring the intake of 
flavonoids, fatty acids, sterols and energy. 

We found differences of up to 80 mg per day in the intake of flavonols and flavones 
in subjects eating a variety of diets. The ratio of the within- to the between-subject variation 
in the intake of flavonols and flavones was lower than one, indicating that it is possible to 
study the relationship between flavonoid intake and disease. The food frequency 
questionnaire used in this study was suitable for classifying subjects by their flavonol 
intakes. 

We also found that the bioavailability of the flavonol quercetin differs between the 
major dietary sources. The bioavailability of quercetin from red wine was 75% of that from 
onions and from tea 50% of that from onions. Therefore, flavonols from red wine can 
probably not explain the lower incidence of coronary heart disease in France compared to 
other western countries. Concentrations of quercetin in plasma can be used as biomarkers 
to distinguish between subjects with a low and with a high flavonol intake. This is possible 
because of a relatively small variation of plasma quercetin and a linear relationship between 
quercetin intake to its concentrations in plasma and excretions in urine. 

Chemical analysis of food composites is a suitable method to assess the intake of 
a large number of fatty acids and sterols for subsamples of populations. We found large 
differences in the amount of these nutrients in the diets of middle-aged men living in 16 
cohorts in seven countries. Three-day records are not suitable to measure individual energy 
intake, but they can be used to classify subjects by their energy intakes. 

In conclusion, the most feasible method to assess flavonol intake in epidemiological 
studies appears to be a food frequency questionnaire specially devised to assess flavonol 
intake and validated in a sub-population by biomarkers of flavonol intake. In addition, 
chemical analysis of food composites is a good tool to assess specific fatty acids and sterols 
in the diet of a population. Finally, when using 3-day food records, even from a motivated, 
lean, well-educated population, underestimation of intakes has to be taken into account. 
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Introduction 
Diet plays an important role in the cause and prevention of various diseases 13. Examples 
are the intake of fatty acids in relation to coronary heart disease 4,s, and the intake of 
vegetables and fruit in relation to the occurrence of cancer 6. However, the outcomes of 
epidemiological studies sometimes conflict. As dietary assessment plays a crucial role in 
these studies, one of the major problems may be the imprecision of methods to assess 
dietary intake 7. Imprecise methods show large variances in intake within subjects relative 
to actual variances in intake between subjects. Imprecise methods could cause subjects to 
be classified wrongly by their nutrient intakes. As a result, correlation coefficients or 
relative risks in relation to disease could be attenuated, and relationships that are actually 
present could not be demonstrated. Methods to assess dietary intake differ in concept and 
technical application. Thus, it is important that the measurement errors of each method are 
understood in order to choose the best methods for different purposes and target groups 7'8. 

Methods of dietary assessment 
Dietary assessment methods can roughly be divided into methods assessing current diet, 
consisting of records and 24 h recalls, and methods assessing habitual diet, consisting of 
dietary histories and food frequency questionnaires. The intake data derived by these 
methods, combined with analytical data from food composition tables or from chemical 
analysis, result in individual nutrient intakes. In addition to these methods, some biological 
indicators of dietary exposure have been developed 9. 

For all methods it is important that the measurement error or variability of the 
method is not too large compared to the actual variability in intake between subjects. All 
methods suffer from measurement error, both systematic and random error, but the scopes 
of error differ between the various methods. Sources of error include underreporting of 
intake 10, incorrectly estimated portion sizes n , and missing or inaccurate nutrient data in 
food composition tables. 
In selecting a method it is important to know what type of information is required: is this 
information about individual or group intake, about foods or food groups, about all nutrients 
or only specific ones? Based on the literature, Beaton et al. 12 suggested distinguishing four 
approaches to analyses which each require a different type of information. These approaches 
are: 
1) estimation of mean intakes of a group or comparison of mean intakes across 

categories of individuals (for example by ethnicity), 
2) distributional analyses, for example to assess the proportion of individuals with 

inadequate or excessive intakes, 
3) correlation and regression analyses to assess relations between intake levels and 

outcome measurements, 
4) categorical analyses to categorize individuals by intervals of intake and by the 

occurrence of disease, as is common in epidemiological studies. 
As Beaton indicated 12, systematic error is acceptable in all but the second approach as long 
as the only question is "Is there a relationship?" and not "What is the relationship?". 
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This thesis evaluates the measurement errors of several methods to assess the intake 
of flavonoids, fatty acids, sterols, and energy. These methods are food records, a food 
frequency questionnaire, biological indicators of intake and chemical analysis of food 
composites. 

Assessment of flavonoid intake 
Flavonoids are non-nutrients in plant foods. More than 4000 flavonoids have been 
determined until now n . Some flavonoids appear to have antioxidative properties 14, which 
could explain their beneficial effect on the occurrence of coronary heart disease. Flavonoids 
are also reported to have anticarcinogenic properties. Further, effects on the occurrence of 
cancer or cardiovascular disease of some flavonoid-rich foods such as onions 15, tea 16, and 
red wine 17 have been reported. However, it is uncertain whether flavonoids were 
responsible for these effects 16. 

Flavonoids include flavonols, flavones, catechins, and anthocyanidins 13. 
Flavonols are a major compound in the diet and they appear to be strong antioxidants in 
vitro 18. Their major representatives in the diet are quercetin and kaempferol. The amount 
of another flavonol, isorhamnetin, in the diet is rather low, but it is formed in the body 
from quercetin. Flavonols in the diet are mainly derived from tea, onions, apples and red 
wine ". Some other types of vegetables or fruit, such as leek and berries, also contain high 
amounts of flavonols. 

The intake of flavonols is in the range of most vitamins, but large differences 
between countries exist (Table 1.1). The intake of flavonols and flavones in the Netherlands 
is comparable to that in the United States 20 and in the United Kingdom 21. However, the 
intake of flavonols and flavones in Finland is much lower22. Flavonol intake measured in 
the Seven Countries Study confirmed that differences in intake may be large. In the 
Netherlands 19, quercetin contributes about 70% and kaempferol 20% to the intake of 
flavonols and flavones. 

The relation between the intake of flavonols and the occurrence of disease is 
sometimes conflicting. Some studies show an inverse relationship between intake and the 
occurrence of coronary heart disease 22"25, whereas others do not 20,21. One of the major 
explanations could be that the methods used to assess flavonol intake were not suitable 26. 
In studies that showed a relationship, flavonoid intake was assessed by a dietary history 
method or by sampling of food composites. In studies that showed no effects, flavonoid 
intake was assessed by a food frequency questionnaire. The use of standard portions, 
instead of estimated or weighed portions, in the food frequency questionnaires to estimate 
the amount of flavonol-rich foods could have been inaccurate. Also, foods important for 
flavonol intake might have been lacking in the questionnaires. However, a food frequency 
questionnaire is a more feasible method to assess flavonol intake than is a dietary history 
method: the number of foods in such a questionnaire could be small, as few foods 
contribute to flavonol intake. 

It may however be questioned, whether recall and record methods are in any case 
suitable to assess flavonol intake. Flavonol intake assessed by these methods may cause 
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Table 1.1 Summary of dietary assessment methods and flavonol and flavone intake in 
epidemiological prospective studies 

Population 

Zutphen";1993 
(the Netherlands) 

Finland22;1996 

Health Professionals20; 
1996 (USA) 

Caerphilly21 ;1997 
(UK) 

Zutphen24;1996 
(The Netherlands) 

Seven Countries 
Study25;1995 

number 
of 

subjects 
n 

805 

5133 

34789 

1900 

552 

12763 

gender 

m/f 

m 

m/f 

m 

m 

m 

m 

age 

y 

65-84 

30-69 

40-75 

49-59 

50-69 

40-59 

dietary 
method' 

history 

history 

frequency 

frequency 

history 

total 
diet 

flavonol and 
flavone intake 

mg/d 

25.9 ± 14.5 
(mean ± SD) 

0 -41.4 
(range) 

3.4 
(median) 

20.1 
(mean) 

7.1 - 40.0 
(medians 1th -
5th quintile) 

26.3 ± 12.5 
(mean ± SD) 

23.5 ± 7.6 
(mean ± SD) 

2.6 - 68.2 
(range) 

' history = dietary history method; frequency = food frequency questionnaire; total diet = chemical 
analyses of food composites based on food records. 

specific problems. One problem is that flavonols are concentrated in a few foods. Therefore 
wrongly estimated portion sizes of these foods could easily lead to a large discrepancy 
between estimated and actual flavonol intake. Another problem is that the bioavailability 
of flavonols differs between dietary sources. For instance, the bioavailability of quercetin 
from apples is one third of that from onions 27. Finally, although many foods have already 
been analyzed for flavonol content, the flavonol composition of many foods, especially 
ready-to-eat foods, is unknown. These foods may contribute substantially to flavonol intake 
because they often contain onions. Also, there may be large variations in the flavonol 
content of the same foods 28. 

A biochemical indicator for flavonol intake could possibly overcome some of the 
above problems. The principle of this method is that the nutrient of interest or a metabolite 
is measured in a body fluid or tissue, such as blood or urine samples, but also toenails, hair 
and depot fat. A biochemical indicator may be used to assess intake in epidemiological and 
nutritional studies and to validate other methods of dietary assessment 9'2930. A biochemical 
indicator should be sensitive to intake within the range of habitual consumption, reflect 
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long-term intake, and preferably is related linearly to intake 9,3°. A major disadvantage of 
biological indicators is that they do not characterize the diet. Also, the variability of the 
level of the marker within subjects, superimposed on laboratory errors, may seriously 
reduce markers' usefulness. Flavonols have been measured in the plasma and urine of 
subjects after consumption of single foods 27,31 by a method developed by Hollman 32. Thus, 
concentrations of flavonols in plasma and excretion in urine might be used as biomarkers 
of flavonol intake. 

Assessment of fatty acids and sterols 
The intake of fatty acids and sterols is related to the risk of coronary heart disease 33"35 and 
to certain types of cancer 2. Saturated fatty acids, trans fatty acids and cholesterol in the diet 
affect blood lipids, which increases the risk of coronary heart disease. Yet, unsaturated fatty 
acids have effects related to a lower risk of coronary heart disease 2. However, not all types 
of fatty acids within a cluster of saturated or unsaturated fatty acids have the same 
effects 34-36-38. For instance, the saturated fatty acids myristic and palmitic acid clearly 
increase blood lipids whereas stearic acid, which is also a saturated fatty acid, has no or 
little effect 37. Also, trans-unsaturated fatty acids show adverse effects 39"43, whereas effects 
of cis-unsaturated fatty acids are thought to be beneficial. In addition, a high intake of n-3 
fatty acids, a subgroup of the polyunsaturated fatty acids, may reduce coronary mortality, 
whereas n-6-fatty acids 44,45, another subgroup, show no effect. Finally, the association of 
intake with coronary heart disease may differ between the plant sterols 46. Thus, to achieve 
more information about the effects of single fatty acids and sterols in relation to disease, 
they have to be determined separately in the diet. Otherwise, fatty acids and sterols with 
opposite effects are investigated in one score, and existing relationships will not become 
clear. 

The major sources of fat and sterols in the diet are edible fats and oils, meat, dairy 
products, and commercial and fast food products. There is a large difference between these 
foods in the type of fat present. For example, the composition of fats may differ 
considerably between processed foods 47 because various fats and oils may be used in their 
manufacture. 

Fatty acids and sterols in the diet have been measured by various dietary assessment 
methods. Food disappearance data have often been used but they are only indirectly related 
to actual intake. Also, record and recall methods are often recommended to assess fat 
intake, but they are not suitable to measure single fatty acids and sterols. The major reason 
is that these methods need food composition tables, and most tables have no data on 
specific fatty acids and sterols or the data are insufficient or inaccurate. Methods that do 
not need food composition tables are biological indicators and chemical analysis of food 
composites. 

Biological indicators of fatty acids have already been developed and validated. 
Certain fatty acids in blood, urine or fat tissue may be used as indicators of intake 48"52. 
However, they are not available for all important fatty acids or for sterols. Also, chemical 
analysis of food composites has already been successfully applied to assess the intake of 
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fatty acids 53. This method chemically analyses fatty acids and sterols in a food composite. 
This composite consists of all food items which are collected, based on the known average 
dietary intake of the population at large or at risk 54. An advantage of this method is that 
information is derived from real foods. Disadvantages are that the accuracy of intake data 
relies on that of reported data and that no information is available about the ranges in 
individual intake. Thus, chemical analysis of food composites successfully determines the 
presence of more single fatty acids and sterols than do methods needing food tables 53, but 
only for a group. 

Assessment of energy intake 
Energy intake is often assessed by record or recall methods. Using food records, which are 
often applied in studies, subjects record the type and portion size of all foods they eat. They 
estimate portion sizes or weigh the foods on a scale. Food records for several days have 
often been regarded as the most accurate method to determine dietary intake. However, 
studies performed during the last ten years have shown that this method also suffers 
severely from underreporting 10,55. Obese subjects 56'57, women, and older persons in 
particular appear to underestimate their intake 58. In addition, subjects need a certain grade 
of literacy to provide adequate self-reports by records. In line with this, non-obese adults 
in western countries have provided the best reports 10. 

Aim of the thesis 
There is increasing doubt about the validity of recall and record methods including food 
records. These methods are not precise enough to assess the intake of nutrients and non-
nutrients lacking data in food composition tables, or whose bioavailability differs between 
the most important sources in the diet. Also, these methods are not precise enough to assess 
nutrients that have a large day-to-day variation. Methods that are possibly better qualified 
to assess the intake of these nutrients are biochemical indicators of intake and chemical 
analysis of food composites. The aim of this thesis was to evaluate physically and 
chemically based methods to assess the intake of certain nutrients lacking accurate data 
in food composition tables or nutrients whose bioavailability differs between foods. To 
that end, we selected and evaluated methods to assess the intake of flavonoids, fatty acids, 
sterols, and energy. This thesis focused on the following sub-questions: 
- How large are the within- and between-subject variations of flavonol intake as reported 

in food records or in a food frequency questionnaire by free-living subjects (Chapter 2)? 
- Is it necessary to account for differences in the bioavailability of flavonols from tea, red 

wine and onions (Chapter 3 and 4)? 
- Are flavonols in plasma and urine useful biomarkers of flavonol intake (Chapter 4 and 

5)? 
- Can chemical analysis of food composites identify differences in the intake of fatty acids 

and sterols between populations (Chapter 6)? 
- Do food records provide valid estimations of energy intake in young, non-obese, and 

well-educated adults (Chapter 7). 
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Abstract 
Quercetin and related flavonoids are anticarcinogenic in rats, but little is known about 
human intakes. The intake of five major flavonols and flavones was calculated using 1-day 
dietary records of 17 volunteers from 14 countries, and using both 3-day records and a food 
frequency questionnaire of eight Dutch adults. Total consumption (± SD) was 27.6 ± 19.5 
mg/d in the international subjects, 34.1 ± 31.2 mg/d in the Dutch adults according to 3-day 
records, and 41.9 ± 23.7 mg/d according to questionnaires. Quercetin contributed 68-73%, 
and kaempferol 22-29%, the major sources being tea and onions. A brief food frequency 
questionnaire may be a suitable method for ranking individuals by flavonol intake. 
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Introduction 
Flavonoids, a group of polyphenolic compounds with antioxidant properties, are widely 
distributed in foods of plant origin such as vegetables, fruit, tea and wine ''2. It has been 
suggested that the consumption of flavonols and flavones, a subgroup of the flavonoids, 
would protect from cancer 3. Furthermore, beneficial associations with the occurrence of 
coronary heart disease have been reported 4. 

Within the subgroup of flavonols and flavones the flavonol quercetin is the major 
compound in foods, with smaller contributions from kaempferol, myricetin, and the flavones 
apigenin, and luteolin 5. The main sources of flavonols and flavones are tea and onions 5. 
The most important flavonol in onions is quercetin 1, whereas tea contains considerable 
amounts of both quercetin and kaempferol 2. 

In order to study the relation of flavonoids in the diet with chronic diseases a 
method for ranking of individuals by flavonoid consumption is needed. For evaluation of 
dietary assessment methods information is needed about the main dietary sources and the 
within- and between-subject variations. For these purposes, we calculated the intake of the 
five flavonols and flavones from three existing datasets, obtained with 1-day records, 3-day 
records, and a food frequency questionnaire. 

Methods 
Subjects and design 
Thirteen non-resident aliens and 4 Dutch subjects consuming non-traditional diets enroled 
in the "international" part of the study. These participants, 6 men and 11 women from 14 
countries and 4 continents, ate a wide variety of diets (Table 2.1). Their mean age was 29 
± 7 (±SD), and their body mass index 21 ± 3 kg/m2. Four female and 4 male Dutch 
subjects, aged 25 ± 9 y (mean ± SD), with a body mass index of 23 ± 5 kg/m2 consumed 
a normal Dutch diet (Table 2.2). All subjects were healthy and gave their written informed 
consent for participation in the study. The protocol was approved by the Medical Ethics 
Committee of the Department of Human Nutrition. 

Dietary assessment 
The 17 "international" subjects weighed and recorded all foods and beverages, including 
herbs and spices, in a diary for 1 day. The 8 Dutch subjects recorded their foods and 
beverages in household measures for 2 weekdays and 1 weekend day, and filled out a 74-
item food frequency questionnaire which specifically asked about the habitual consumption 
of flavonoid-rich foods such as vegetables, fruit, beverages, ready-to-eat meals containing 
onions, herbs, and spices. Trained dieticians checked the food records and the 
questionnaires. 

The intake of 5 flavonols and flavones (quercetin, kaempferol, myricetin, luteolin, 
and apigenin) was calculated using published values for contents in vegetables, fruit and 
beverages u , supplemented with values for other Dutch foods including herbs and spices, 
and some American and Italian foods, also determined at the RIKILT-DLO laboratory 
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(Hollman P.C.H, unpublished data), using an identical method 6. We calculated energy and 
dietary fibre intakes using the computerized version of the Netherlands Nutrient Data Bank 
NEVO 7. We assessed the between and within subject variations by analysis of variance 
using SAS procedure ANOVA 8. 

Results 
In the 17 international subjects, intake of energy was 9.0 ± 3.1 MJ (mean ± SD), and mean 
intake of dietary fibre was 1.7 g/MJ of energy. The lowest consumption of the 5 flavonols 
and flavones was 3.6 mg/d for the subject with a South-American diet, whose single source 
was a small amount of onions (Table 2.1). The highest value was 77 mg/d for the subject 
with a Scandinavian diet, who drank almost 2 litres of tea on the day records were kept. 
The between-subject coefficient of variation was 70%. The mean contribution of quercetin 
to the total flavonol plus flavone consumption was on average 73%, of kaempferol 22%, 

Table 2.1. Flavonol and flavone intake in subjects eating a variety of diets according to 
a 1-d weighed food record, including herbs and spices. 

Subject 

1 
2 
3 
4 
4 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 

Mean ± sd 

Country of origin 

USA 
China 
Czechoslovakia 
Ethiopia 
Finland 
India 
Indonesia 
Italy 
Lithuania 
Malaysia 
Mexico 
The Netherlands 
The Netherlands 
The Netherlands 
The Netherlands 
Surinam 
Turkey 

Type of diet 

Macrobiotic 
Chinese 
East-european 
African 
Scandinavian 
Asian 
Asian 
Mediterranean 
East-european 
Asian 
South American 
Lacto-ovo vegetarian 
Vegetarian 
"Prehistoric" * 
Western 
Surinam 
Middle-eastern 

Intake of flavonols 
plus flavones 

mglday 
15.7 
5.1 

24.2 
52.9 
77.0 
15.6 
28.3 
15.3 
13.2 
12.7 
3.6 

50.3 
26.3 
26.8 
47.7 
35.4 
19.8 

27.6 ± 19.5 

' uncooked and unprocessed products, vegetables and fruit were typical of this diet 
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and of myricetin 4%. The intakes of luteolin and apigenin were almost at zero. Tea was the 
major source contributing 37% of flavonols and flavones, followed by onions 26%, 
vegetables 14%, fruits 22%, and red wine 1%. 

In the 8 Dutch adults the daily energy intake was 10.6 ±1.5 MJ, and the mean 
dietary fibre intake 2.2 g/MJ of energy according to the 3-d records. Flavonol plus flavone 
intake calculated from the food records ranged from 1 to 81 mg/d, and from the food 
frequency questionnaires from 9 to 75 mg/d (Table 2.2). The mean contribution of quercetin 
to the total flavone and flavonol consumption according to 3-d records and food frequency 
questionnaires was 68% for both, of kaempferol 28% and 29%, and of myricetin 4% and 
2%, respectively. The contributions of luteolin and apigenin were again negligible. 

Table 22. Habitual flavonol and flavone consumption of 4 Dutch men and 4 Dutch women 
according to 3-d records and a food frequency questionnaire for assessment offlavonoid 
intake. 

Subject 

1 
2 
3 
4 
5 
6 
7 
8 

Mean ± sd 

Age 

21 
24 
22 
47 
21 
25 
22 
20 

Sexe 

male 
male 
female 
male 
female 
female 
female 
male 

Flavonoids 
3-d records 

mglday 
11 
1 

24 
2 

28 
81 
71 
55 

34.1 ± 31.2 

Flavonoid 
questionnaire 

mglday 
9 

37 
27 
33 
25 
72 
75 
57 

41.9 ± 23.7 

The within- and between-subject coefficients of variation calculated from the 3-d records 
were 63% and 84%, respectively. The ratio of the within-subject and between-subject 
components of variance was 0.57. The between-subject coefficient of variation calculated 
from the food frequency questionnaires was 56.5%. Tea contributed 47% to the total 
amount of the five flavonols and flavones according to 3-d records, and 28% according to 
the food frequency questionnaires, onions 26% and 34%, vegetables 20% and 27%, fruits 
6% and 11%, and red wine 1% and 0%, respectively. The correlation coefficient between 
the 3-d records and the food frequency questionnaires in the full Dutch group was 0.85 
(n=8). 
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Discussion 
We found marked differences of up to 80 mg/d in flavonol and flavone intake between free-
living subjects. Tea and onions were the most important sources forflavonoid consumption 
in both groups. The between-subject coefficient of variation was higher in the 
"international" than in the Dutch group. The variation within subjects in the Dutch subjects 
according to the 3-d records was large, and comparable with, for example, vitamin C in US 
women 9. However, in contrast with many nutrients the ratio of within- and between subject 
variance was lower than 1 9. The relatively large between-subject variation gives a fine 
opportunity to study the relation between flavonoids and health. 

The results of 1 or 3-day records were possibly not sufficient to represent the long-
term average daily individual intake. The within-subject coefficient of variation of 63% 
suggests that the number of days needed to estimate the individual intake within 20% of 
the actual intake 95% of the time is 38 days 10. The results of the food frequency 
questionnaire probably provided the best data as this method inquired after food intake over 
30 days. The high correlation coefficient of this method with the 3-d records suggests that 
these methods are similar for ranking of individuals. 

We did not have flavonol values for all plant foods consumed by the subjects. 
However, we have lacked only the data of a few foods, for example, citrus fruits, which we 
do not expect to contribute significant amounts of flavonols and flavones 2. Therefore we 
probably made only a small underestimation of actual flavonoid intake. The contribution 
of herbs and spices to flavonol and flavone intake was at most 3 mg/d. 

The flavonol and flavone intake of all subjects was within the distribution of 
flavonoid intake in the Netherlands 5, although some subjects were at the highest intake 
range. Hertog 4,s also found tea and onions to be the major sources of flavonol and flavone 
consumption. However, the contribution of tea that he found in elderly men (61%), and in 
Dutch adults (48%) was higher than in our study. 

We conclude that there was a large variation in flavonol and flavone consumption 
in this study, but the within-subject variation was less than the between-subject variation. 
For ranking of subjects for flavonoid intake, a short food frequency questionnaire appears 
to be suitable. However, it needs to be tested in a larger study. 



Flavonol intake of free-living subjects 27 

References 
1. Hertog MGL, Hollman PCH, Katan MB. Content of potentially anticarcinogenic flavonoids of 28 

vegetables and 9 fruits commonly consumed in The Netherlands. J Agric Food Chem 1992; 
40:2379-2383. 

2. Hertog MGL, Hollman PCH, Van de Putte B. Content of potentially anticarcinogenic flavonoids of 
tea infusions, wines, and fruit juices. J Agric Food Chem 1993; 41:1242-1246. 

3. Huang M, Ferraro T. Phenolic compounds in foods and cancer prevention. In: Huang MT, Ho C-, Lee 
CY, eds. Phenolic compounds in food and their effects on health II. Washington DC: ACS symposium 
series 507, 1992. 

4. Hertog MGL, Feskens EJM, Hollman PCH, Katan MB, Kromhout D. Dietary antioxidant flavonoids 
and risk of coronary heart disease: the Zutphen Elderly Study. Lancet 1993; 342:1007-1011. 

5. Hertog MGL, Hollman PCH, Katan MB, Kromhout D. Intake of potentially anticarcinogenic flavonoids 
and their determinants in adults in the Netherlands. Nutr Cancer 1993; 20:21-29. 

6. Hertog MGL, Hollman PCH, Venema DP. Optimization of a quantitative HPLC determination of 
potentially anticarcinogenic flavonoids in vegetables and fruits. J Agric Food Chem 1992; 
40:1591-1598. 

7. Stichting Nederlands voedingsstoffenbestand. Dutch food composition table. NEVO tabel. Den Haag: 
Voorlichtingsbureau voor de Voeding, 1993. 

8. SAS Institute Inc. SAS/STAT user's guide. 6th ed. Cary,NC: SAS Institute Inc., 1989. 
9. Willett W. Nutritional epidemiology. New York/Oxford: Oxford University Press, 1990. 

10. Beaton GH, Milner J, Corey P, et al. Sources of variance in 24-hour dietary recall data: Implications 
for nutrition study, design and interpretation. Am J Clin Nutr 1979; 32:2546-2559. 



Red wine is a poor source of 
bioavailable flavonols 

Jeanne HM de Vries, Peter CH Hollman, Ingrid I van Amersoort, Margreet R Olthof, 
Martijn B Katan, Submitted for publication 



30 Chapter 3 

Abstract 
Coronary mortality in France is low even though the intake of saturated fat is high. This 
so-called French paradox has been ascribed to a high consumption of red wine. Red wine 
is thought to be an important source of polyphenolic antioxidants, especially flavonols, and 
consumption of wine may therefore prevent LDL oxidation and atherosclerosis. We 
compared the bioavailability of flavonols from wine with that from onions and from tea. 
Twelve healthy men consumed 6 glasses of red wine, 50 g of fried onions or 3 cups of 
strong black tea, in random order. Concentrations of flavonols in plasma and their 
excretions in urine on red wine were lower than or similar to those on onions or tea. We 
conclude that red wine is a poor source of flavonols. Thus, intake of polyphenolic 
antioxidants from red wine cannot explain the French paradox, and red wine may not be 
superior to other alcoholic beverages in preventing heart disease. 
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Introduction 
Mortality from coronary heart disease is low in France, even though saturated fat intake is 
high '. This so-called French paradox has been ascribed to a high consumption of red 
wine 2, the idea being that polyphenols from red wine prevent oxidation of low-density 
lipoproteins. Red wine contains polyphenols such as flavonols, catechins, resveratrol 3, 
anthocyanins, and proanthocyanidins. Polyphenols, and especially the flavonol quercetin are 
potent inhibitors of LDL oxidation in-vitro 4. However, it is unknown to what extent 
quercetin and other flavonols are absorbed from wine in man. We now compared the 
bioavailability of flavonols from red wine with that from two other important sources, tea 
and onions. 

Methods 
The Medical Ethical Committee of the Division of Human Nutrition and Epidemiology 
approved the study. Twelve healthy male subjects (mean age 25 years, mean body mass 
index 22 kg/m2) were thoroughly informed about the study, and they filled out and signed 
an informed consent form. The subjects consumed six 125-ml glasses of a red wine selected 
for its high flavonol content (Medoc Chateau Latour St. Bonnet 1993), or 50 grams of fried 
onions, or three 125-ml cups of extra-strong black tea daily during four days in random 
order with a wash-out of three days between treatments. Subjects followed a diet low in 
flavonols. The wine provided 14.2 ± 0.3 mg (± SD), the onions 15.9 ± 0.5 mg, and the tea 
13.7 ± 1.6 mg of quercetin per day. We told the subjects to consume one-third of the wine 
or tea at lunch, one-third at dinner, and one-third between 10.00 and 12.00 pm; 
consumption of onions was divided between lunch and dinner. On day 4 blood was sampled 
after lunch, and urine was collected for 24 hours. 

Table 3.1 Effects of daily consumption of 750 ml red wine rich in the flavonoid quercetin, 
of 50 g of fried onions, and of 3 cups of black tea on concentrations of flavonols in plasma 
in 12 healthy men 

Treatment 

Red wine 

Fried onions 

Black tea 

Quercetin 

8 ± 3a 

1 6 ± 5 b 

8 ± 4 a 

Plasmaconcentration* 

Kaempferol 

Hg/L 

1 ± la 

1 ± 0a 

4 ± 2b 

Isorhamnetin 

3 ± 2a 

2 ± lb 

1 ± lb 

" x ± SD, average of two blood samples per subject 
"" Values in the same column with different superscript are significantly different from each other 
(p<0.05) 
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Results 
Quercetin levels in plasma and urine 5 after red wine were significantly higher than 
baseline, but lower than after onions, and almost similar to those after strong tea (Tables 
3.1 and 3.2). Kaempferol after wine was the same as after onions, but lower than after tea; 
isorhamnetin was highest after wine. 

Table 3.2 Effects of daily consumption of 750 ml red wine rich in the flavonoid quercetin, 
of 50 g of fried onions, and of 3 cups of black tea on amounts excreted in 24-h urine in 12 
healthy men 

Treatment Urinary excretion 

Quercetin Kaempferol Isorhamnetin 

Red wine 

Fried onions 

Black tea 

112 ± 33a 

153 ± 66a 

76 ± 45b 

Hg/24hr 

72 ± 25a 

95 ± 139a 

202 ± 116" 

106 ± 58" 

55 ± 26b 

29 ± 27a 

,,b Values in the same column with different superscript are significantly different from each other 
(p<0.05) 

Discussion 
Thus some of the flavonols from red wine were absorbed. However, plasma concentrations 
of the sum of flavonols after 750 ml (6 glasses) of red wine were the same as after 3 cups 
of tea, and lower than after 50 g of onions. The wine and tea used here had about two times 
the quercetin content found normally. This means that consumption of one glass (125 ml) 
of red wine with an average content of quercetin 6 would produce plasma quercetin levels 
similar to those after consumption of Vi cup (125 ml) of average tea or 5 grams of onions. 
The French drink on average 3 glasses of wine per day \ and the flavonol content in French 
wines is about half that in our study 6. Therefore, daily intake of flavonols from wine in 
France - including the flavonol myricetin - does not exceed 10 mg per day. In the 
Netherlands the average daily intake of flavonols from tea is 11 mg and from onions 7 mg 
per day 6; in the UK the intake from tea is 21 mg per day 7. Therefore, the intake of 
bioavailable flavonols from wine in France is quite modest, and cannot explain the 
difference in coronary heart disease between France and other countries. Probably, other 
phenolics in wine also cannot explain the French paradox; the level of catechins in red 
wine 3 is lower than in tea 8, and the amount of resveratrol is probably too low to show 
anti-oxidant activity in-vivo 4. It is uncertain whether anthocyanins and proanthocyanidins 
could play a role. Also no specific effect of red wine was apparent in a meta-analysis of 
the cardioprotective effect of alcohol 9. Intake of flavonols and probably also other 
polyphenols substances from red wine cannot explain the French paradox. 
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Abstract 
Flavonols are antioxidants that may reduce the risk of coronary heart disease. Two major 
flavonols in the diet are quercetin and kaempferol, and their main sources are tea and 
onions. We investigated whether plasma concentrations and urinary excretion of quercetin 
and kaempferol in humans could be used as biomarkers of intake. We provided 15 subjects 
with strong black tea (1600 ml/d) or fried onions (129 g/d) for 3 days each in random 
order, separated by a 4 day wash-out. The tea provided 49 mg quercetin and 27 mg 
kaempferol daily, and the onions 13 mg of quercetin, and no kaempferol. Flavonols from 
both foods were clearly absorbed. However, the excretion of unmodified quercetin was 
0.5% of intake after tea, and 1.1% after onions. Thus, the absorption of quercetin from tea 
is half of that from onions. The onion supplementation period was repeated 7 - 14 d later, 
so as to estimate coefficients of variation within subjects when the same treatment is given 
twice. Coefficients of variation were 30% for quercetin in plasma and 42% in urine. The 
magnitude of these variations relative to actual variations of about 60% between free-living 
subjects indicate that levels of quercetin in plasma and urine are applicable as biomarkers 
of its intake. We conclude that flavonols in plasma and urine reflect flavonol intake, and 
that they could be applied as biomarkers to distinguish between high and low flavonol 
consumption in epidemiological studies. 
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Introduction 
Flavonoids, a group of polyphenols compounds, are widely present in vegetables, fruit, tea, 
and wine '2. A main subgroup of the flavonoids are the flavonols, of which quercetin and 
kaempferol are the major representatives 3'4. Onions are an important source of quercetin 
in the diet, and tea of both quercetin and kaempferol 1,z. 

Beneficial effects of dietary flavonols in the diet on the risk of coronary heart 
disease have been suggested by epidemiological studies 5, but whether these components 
can prevent heart disease is still controversial 6. Protective effects of flavonols against 
cancer have also been proposed 7, but epidemiological data hitherto fail to support this 8'9. 

Further studies investigating the relation of flavonols with disease are needed. Such 
studies require an accurate method to assess intake of flavonols in free-living subjects. 
However, it is difficult to assess flavonol intake by common dietary record or recall 
methods. Such methods rely on self-report and their accuracy is therefore uncertain 10,n. It 
is also difficult to assess true daily flavonol intake because flavonols are concentrated in 
a few foods 1213. Therefore, small errors in the assessment of the consumption of these few 
flavonol-rich foods result in large errors in estimated flavonol intake. Also, when record or 
recall methods are used, the intake of flavonols has to be calculated from the flavonol 
content of foods. The flavonol content of many foods is not known, and they are not 
commonly included in nutrient databases. Moreover, these methods do not take into account 
the bioavailability of flavonols which varies widely between foods M. For example, the 
percentage of quercetin absorbed from apples was only one-third of that from onions 15. For 
many foods, tea for one, absorption has not even been reported yet. The use of biomarkers 
of intake can bypass most of these problems. 

Like other dietary assessment methods, biomarkers suffer from measurement error. 
This error consists of random and systematic errors 16. Random error includes within-subject 
fluctuations, metabolic between-subject differences, and imprecision in laboratory analyses. 
Random error can be determined by studying the reproducibility of the level of the marker 
at constant levels of intake. To determine this reproducibility the same treatment has to be 
given twice in the same individual. Systematic errors cannot be determined easily, but this 
error is possibly much smaller for biological measurements than for record or recall 
methods. 

The objective of our study was to determine whether levels of flavonols in plasma 
and urine may be used as biomarkers of their intake. A second objective was to compare 
the bioavailability of flavonols from tea and onions. Therefore we measured concentrations 
of quercetin and kaempferol in plasma and excretions of these flavonols in urine after 
feeding volunteers tea or onions, and we repeated the treatment with onions to determine 
reproducibility. 

Subjects and methods 
Subjects 
We obtained approval from the Ethics Committee of the Division of Human Nutrition and 
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Epidemiology. We recruited eight men and seven women via posters and local newspapers, 
and informed them about the aim of the study and possible discomforts that it could entail. 
The subjects gave their written informed consent. They were medically evaluated and 
considered healthy by a physician. The mean age of the subjects was 27.6 y (range 
19 - 56 y), and their mean body mass index was 23.5 kg/m2 (range 19.7 - 30.9 kg/m2). 

Design 
The experiment lasted 3 weeks. The 3 treatments were provided in random order, and each 
treatment was given for 3 days on days 5 to 7 of each week (Figure 1.1). Days 1 to 4 
served as a wash-out period. The tea treatment consisted of 1600 ml concentrated black tea 
and the onion treatment of 129 grams of fried onions, both divided over the day. The 
treatment period with onions was performed twice to assess reproducibility within subjects. 

Day 1 

Lithium 250 (xmol/day 1 

Diet low in flavonols 

1600 ml tea or 129 grams of onions 

24-hour recall 

10 ml blood sample 

24-hour urine 

2 3 4 

L 

5 6 7 

Figure 4.1 Design of one study week. The experiment consisted of 3 study weeks; each 
subject took tea in 1 week and onions in the two other weeks, in random order 

On days 4 to 7 of each treatment week (Figure 4.1) the subjects followed a low-quercetin 
diet. For this purpose they were given a list of vegetables and fruits containing > 15 mg 
quercetin/kg and of beverages containing > 4 mg quercetin/L ',2 and were instructed not to 
consume any of these. On day 7 of each week blood was sampled and urine was collected 
for 24 hours. On the morning of day 4 of the second week of treatment, blood was sampled 
to determine baseline values for plasma quercetin. At this time point the subjects had 
followed the quercetin-low diet for 1 day, and they had not yet started consuming the 
second series of supplements. For the baseline value of kaempferol in plasma the 
concentration after consumption of onions was used as a surrogate, because onions do not 
contain kaempferol '. Eight months after the experiment we repeated one treatment week 
in 8 of the 15 subjects without providing supplements so as to collect baseline values for 
urine. During all treatment weeks subjects recorded all deviations from the guidelines in a 
diary. Medications were not allowed except for oral contraceptives and paracetamol. 
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Supplements and diets 
Tea was made 3 times per day. One litre of boiling water was poured on 4 tea bags 
(Pickwick, Douwe Egberts) containing 16 grams of black tea leaves, which is twice the 
quantity for normal use. The tea was allowed to brew for five minutes. The tea supplements 
provided on average 49 ± 4 mg (± SD, 9 samples) quercetin and 27 ± 2 mg kaempferol per 
day, as determined by HPLC " in duplicate. Prior to the study, eighteen 1 kg portions of 
yellow onions from a single batch were fried with 68 grams of margarine per kg for nine 
minutes. All fried onions were mixed, weighed out in portions of 43 grams in plastic pots, 
and frozen at - 20 °C until supplementation. Just before consumption, the onion 
supplements were heated in a microwave oven for 1 minute and served with a slice of 
bread. The onion supplements contained 13 ± 1 mg (mean ± SD; n=4) quercetin 17; the 
content did not diminish during 3 weeks storage in a freezer or after heating in a microwave 
oven (399 mg/kg after frying versus 396 mg/kg after subsequent freezing and reheating). 
Between 8:00 and 9:00 am, 12:00 and 1:00 pm, and again between 4:00 and 5:00 pm, 
subjects consumed the onion supplement under our supervision or received the tea 
supplement in a thermos jug. 

We checked compliance to the low quercetin diet by 24 hour recalls. Quercetin and 
kaempferol intakes were calculated using our published values for contents in vegetables, 
fruit and beverages 12. 

Collection of blood and urine samples 
Venous blood samples were taken between noon and 1:00 pm as described 18. Urine 
samples were collected by each subject in 500 ml and 1000 ml bottles which contained 
thymol dissolved in isopropanol as a preservative. The first urine voiding after rising in the 
morning was discarded and all subsequent urines until the next morning, including the first 
urine after rising, were collected. The urine bottles were immediately put into polystyrene 
boxes containing dry ice. Within 1 to 5 days the urines were thawed at 40° C, pooled per 
subject per day, and aliquots were stored at - 40 °C until analyses. Completeness of urine 
was checked by assessment of recovery in urine of 2.0 mg of lithium (235 pimol) as lithium 
chloride dissolved in 10 ml water taken by the subjects every morning. On days 5, 6, and 
7 they took this under our supervision. The dose of 2 mg/d of lithium is 1% of that 
considered safe for chronic use in patients with bipolar disorders 19. The recovery in urine 
of orally ingested lithium is about 95% 20'21. 

Analytical methods 
Quercetin, kaempferol and their conjugates in plasma or urine were simultaneously 
extracted and hydrolysed to the aglycone using 2 M HC1 in aqueous methanol 15, and 
determined by HPLC with fluorescence detection 22. The limit of detection was 2 pig/L for 
quercetin, and 0.6 ng/L for kaempferol. 

Lithium was analysed in a separate undiluted acidified urine sample by atomic 
absorption spectrophotometry 23. 
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Statistical analysis 
Data are reported as mean ± SD. To achieve normality we converted the amounts of 
quercetin analyzed in urine to 10log values. We determined within- and between-subject 
coefficients of variation for quercetin levels in plasma and urine after the two treatments 
with onions using the SAS procedure VARCOMP. We calculated confidence intervals for 
Pearson correlation coefficients using Fisher's Z transformation. 

Results 
Variability and reproducibility 
Reproducibility on the 2 treatments with onions was similar for quercetin in plasma and in 
urine. Between the first and the second treatment with the same intake from onions the 
coefficients of variation within subjects were 20% for plasma concentrations, and 22% for 
urinary excretion. The coefficient of variation between subjects given identical treatments 
was lower for plasma than for urine; it was 23% for concentrations in plasma and 36% for 
excretions in urine. The correlation between the concentrations of quercetin in plasma and 
the amount excreted in urine, taken as the averages for each individual after tea and onions, 
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Figure 4.2 Correlation between the excretions of quercetin in 24-hour urine after 
consumption of tea and after that of onions in 15 subjects. The subjects consumed 1600 ml 
tea providing 49 mg, and 129 grams of onions providing 13 mg of quercetin per day during 
three days for each treatment. Quercetin excretions after onions were the average of two 
treatments. 
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was 0.46. It was higher than that for kaempferol after tea, which was 0.19. However, when 
we dropped one outlying value the correlation for kaempferol increased to 0.43. The 
individual excretions of quercetin after consumption of tea and after onions correlated well. 
The Pearson correlation coefficient was 0.77 (Figure 4.2). 

Table 4.1 Effect of the consumption of tea or onions on levels of quercetin in plasma and 
24-hour urine in 15 subjects. Each subject received 1600 ml strong tea or 129 grams of 
fried onions for 3 days. 

Type 

Baseline 
Tea 
Onions 

Period l3 

Period 23 

Average 

Supplement 

Amount of quercetin 

mg/day1 

0 
49 ± 4 

13 ± 1 
13 ± 1 
13 ± 1 

Quercetin 
in plasma 

Hg/L1 

7 ± 4 
29 ± 8 

22 ± 5 
22 ± 7 
22 ± 5 

Quercetin 

Absolute 
amount 

Hg/day1 

30 ± l l 2 

258 ± 150 

140 ± 66 
131 ± 72 
135 ± 66 

in urine 

Relative 
amount 

% of intake 

0.5 ± 0.3 

1.1 ± 0.5 
1.0 ± 0.6 
1.1 ± 0.5 

Values are means ± SD, ' expressed as aglycone, 2 determined in 8 of 15 subjects 
1 the onion supplement was repeated once to assess variability 

Quercetin and kaempferol in plasma and urine 
The concentrations of quercetin in plasma after consumption of tea and after onions, and 
of kaempferol after tea were increased in all subjects. The concentration of quercetin in 
plasma was on average 4 times higher after tea and 3 times higher after onions than at 
baseline (Table 4.1). The concentration of kaempferol in plasma after tea was on average 
more than 6 times higher than the surrogate baseline concentration after onions (Table 4.2). 
The amount of quercetin excreted in urine after consumption of tea was 8 times and after 
onions 4 times higher than that after the diet low in quercetin (Table 4.1). However, if both 
were expressed as a percentage of the amount consumed (Table 4.1, Figure 4.3) the relative 
excretion of quercetin after onions was twice as high as that after tea. Differences in total 
urinary excretion of quercetin between treatment and baseline were on average 230 ± 158 
Hg/d after tea and 124 ± 85 ng/d after onions. The amount of kaempferol excreted in urine 
after tea was 25 times higher than at baseline, and 7 times higher than after onions 
(Table 4.2). If expressed as a percentage of intake, the relative excretion of kaempferol after 
tea consumption was twice that of quercetin. Differences in excretion of kaempferol 
between treatment and baseline were 586 ± 197 ng/d after tea, and 74 ± 68 Lig/d after 
onions. 
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Compliance with diets and completeness of urine collection 
The subjects consumed all their supplements, except for one subject who did not drink all 
her tea on the third day of the tea period. The average intake of quercetin plus kaempferol 
from the background diets as determined by 24 h recalls was low. It was on average 2 ± 
2 mg/d for the baseline period (n=8) and 2 ± 2 mg/d for all treatment periods combined 
(n=3xl5). 

Lithium recoveries were 87 ± 13% (± SD;n=8) in the baseline period, 93 + 11% 
(n=15) after the tea, 97 ± 9% (n=15) after the first, and 96 ± 6% (n=15) after the second 
treatment with onions. 
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Figure 43 The amount of quercetin excreted in 24-hour urine after consumption of tea and 
after that of onions as a percentage of the amount consumed per subject. Quercetin 
excretions after onions are the averages of two treatments. 

Discussion 
Biomarkers of intake 
The first objective of our study was to determine whether levels of flavonols in plasma and 
urine may be used as biomarkers of their intake. Our results suggest that plasma 
concentrations of quercetin and kaempferol and their excretions in urine can indeed be used 
as markers of their intake. A prerequisite of a biomarker is that differences in consumption 
can be discriminated 16. In our study, the consumption of quercetin and kaempferol from 
tea and onions increased their plasma concentrations and urinary excretion 3 to 25-fold. A 
low quercetin intake - as from the background diet - resulted in low levels of quercetin, and 
an average intake of quercetin - as after onions, which provided 13 mg or 80% of the 
average daily Dutch consumption of quercetin - elevated plasma and urine levels of 
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quercetin clearly in all subjects compared to baseline. However, a low intake of kaempferol, 
as after onions which do not contain kaempferol, did not result in low excretion of 
kaempferol (Table 4.2). This may be explained by consumption of kaempferol-rich 
vegetables from the background diet by some subjects. A high intake of quercetin and 
kaempferol - as after tea in our study - resulted in the highest plasma and urine levels of 
both flavonols. Thus, our study shows that levels of quercetin and kaempferol in plasma 
and urine reflected levels of intake. 

Table 42 Effect of the consumption of tea or onions on levels of kaempferol in plasma and 
24 hour urine in 15 subjects. Each subject received 1600 ml strong tea or 129 grams of 
fried onions for 3 days. 

Type 

Baseline 
Tea 
Onions 

Period l2 

Period 22 

Average 

Supplement 

Amount of kaempferol 

mglday 
0 

27 ± 2 

< 2 
< 2 
< 2 

Kaempferol 
in plasma 

fig/L 
not determined 

15 ± 5 

3 ± 4 
1 ± 1 
2 ± 2 

Kaempferol 

Absolute 
amount 

fig/day 
26 ± 71 

668 ± 360 

123 ± 157 
63 ± 27 
93 ± 75 

in urine 

Relative 
amount 

% of intake 

2.5 ± 1.3 

Values are mean ± SD. 
1 determined in 8 of 15 subjects 
2 the onions supplement was repeated once to assess variability 

Another requirement for a biomarker is a certain degree of precision with which 
intake can be assessed. To evaluate this, the coefficient of variation of a single estimate in 
a single subject has to be determined. The coefficient of variation for quercetin in plasma 
or urine includes random biological fluctuations within subjects, and variations between 
subjects due to differences in absorption and metabolism between subjects. The correlation 
of 0.77 between urinary excretions of quercetin after onions and those after tea showed that 
there are indeed consistent differences in flavonoid metabolism between subjects 
(Figure 4.2): subjects with a low or high excretion after onions showed a low or a high 
excretion after tea, respectively. 

For plasma, the coefficient of variation between 2 measurements on the same intake 
of quercetin from onions was 20% within subjects. The coefficient of variation between 
subjects was 23%. Thus, the total observed coefficient of variation of quercetin in plasma 
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sampled once at the same intake can be estimated as \/(202 + 232)= 30%. A similar 
calculation yields a total coefficient of variation of 42% for the measurement of quercetin 
in urine. Whether this measurement error has to be considered as large or small can only 
be evaluated in relation with the actual variation in intake found between free-living 
subjects. From various studies 5)3'2425 it can be estimated that the coefficient of variation for 
true differences in intake between subjects in the population is about 60%. This suggests 
that the random error in our proposed biomarkers is modest relative to the expected 
variations due to true variation in intake. We will illustrate the degree of precision of 
quercetin in plasma and urine as biomarkers of their intake for two hypothetical examples 
with practical applications. 

The first example addresses assessment of the compliance of a subject in an 
intervention study with a diet that provides 50 mg of quercetin per day. The interval in 
which plasma quercetin of one of the subjects is predicted to lie with a probability of 95% 
is ix ± 1.96 x a, where LX denotes the expected mean level and o the standard deviation of 
the measurement 26. After an intake of 13 mg of quercetin per day the average concentration 
of quercetin in plasma in our subjects was 22 pig/L with a coefficient of variation of 30%. 
If we assume (de Vries et al, unpublished observations) that the levels of quercetin in 
plasma and urine increase linearly with the dose then the expected level in plasma of a 
subject with an intake of 50 mg per day is 22 * 50/13 = 85 (ig/L. If the coefficient of 
variation is the same at various levels then the standard deviation will be 30% of 85 Lig/L 
or 25.5 ng/L and the 95% confidence interval will range from 85 - 1.96 * 25.5 = 35 ng/L 
to 85 + 1.96 * 25.5 = 135 ng/L. Thus, there is reason to doubt dietary compliance of the 
subject if a single plasma quercetin is less than 35 |J.g/L. Better precision can be achieved 
by taking more plasma samples: for a mean of two measurements the lower boundary point 
for compliance would be 50 \ng[L. 

Bioavailability 
The second example addresses the correlation coefficient between quercetin intake and a 
continuous variable e.g. the oxidizability of LDL. For this we estimate the attenuation factor 
of the correlation coefficient caused by measurement error. The attenuation factor is the 
ratio of the observed correlation to the "true" correlation. The factor is calculated as 
v/(l/(l+o2

a/(n*o2
b)), in which a2

a denotes the variance of the measurement, o2
b the true 

variance of intake between subjects, and n the number of measurements 26,27. From our data 
we estimate that the attenuation factor for a single measurement of quercetin in plasma or 
urine is V (l/(l+30%/lx60%) = 0.82 for plasma and v/(l/l+43%/lx60%) = 0.76 for urine. 
This implies that when the true correlation between quercetin intake and for example 
lagtime of LDL-oxidation is 0.5, the observed correlation will be 0.4. The attenuation 
factors we found for the quercetin markers are similar to those for intake measurements of 
energy and various nutrients by the cross-check dietary history method 28. 

The second objective of our study was to determine whether the bioavailability of 
flavonols from tea is similar to that of onions. Our results show that quercetin and 
kaempferol from tea are absorbed, but that the bioavailability of quercetin from tea is less 
than that from onions. Plasma concentrations of quercetin were 30% and urinary excretions 


