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Stellingen

1.De berekening van Kühnau in 1976dat de gemiddelde consumptie van flavonolen,
flavonen en flavanonen ongeveer 100milligram bedraagt is een overschatting als gevolg
van gebrekkige gegevens over flavonoïdgehaltes van voedingsmiddelen.
Ditproefschrift
2. De term "non-nutritieve stof' (stof zonder voedingswaarde voor de mens) voor
flavonoïden gaat voorbij aan het feit dat flavonoïden een beschermende werking in het
menselijk lichaam hebben.
Ditproefschrift
3. Naast vitamine C, vitamine E en carotenoïden leveren ook flavonoïden een belangrijke
bijdrage aan het antioxidantgehalte van onze voeding.
Ditproefschrift
4. Behalve alcohol dragen ook flavonoïden in rode wijn bij aan het verlaagd risico voor
coronaire hartziekten van rode-wijndrinkers ("The French Paradox").
Frankel EN, etal.Inhibitionof oxidationof humanlow-density lipoprotein
byphenolicsubstancesin red wine. Lancet 1993;43:454-57
Ditproefschrift
5. De lage sterfte aan coronaire hartziekten in Japan, ondanks het hoge percentage rokers,
is niet alleen door een lage gemiddelde consumptie van verzadigd vet te verklaren, maar
ook door de Japanse gewoonte om veel (groene) thee te drinken.
Ditproefschrift
6. The possibility - no,probability -of risk factors common to all [non-infectious chronic
diseases] must be considered, rather than merely examining factors which might represent
risks for one particular disease.
Dennis P.Burkitt. Lessonsfor healthfrom ourpaleolithic ancestors.
CardiovascularRisk Factors 1991;1:253-258
7. Das Ethos einer zukünftigen Naturwissenschaft verlangt, daß nicht nur Unehrlichkeit,
sondern auch Einäugigkeit als unmoralisch zu gelten hat.
Hans Primas.Umdenken inder Naturwissenschat. GAIA 1992;1:1-15
8. In de meeste Nederlandse kantines is het nog steeds niet mogelijk om een gezonde en
smakelijke lunch samen te stellen. Daarom dient het huidige assortiment aangevuld te
worden met een uitgebreide keuze aan verse salades (salad bars), zoals het in menig
buurland al lang praktijk is.
9. De matige kwaliteit van Nederlandse literaire vertalingen blijkt uit de roman "De
Slinger van Foucault" van Umberto Eco waarin de vluchtroute van Casaubon door het
nachtelijk Parijs met behulp van de Nederlandse vertaling niet na te lopen is, terwijl dat
met behulp van de Franse en Duitse vertaling en het Italiaanse origineel wèl mogelijk is.
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10.De invoering van het AlO-stelsel met al haar controversen heeft in ieder geval voor
AIO's en OIO's het verzinnen van één van de maatschappijkritische stellingen makkelijker
gemaakt.
11. Advertenties voor AIO/OIO banen dienen de volgende waarschuwingstext te bevatten:
Promotieonderzoek verrichtenis schadelijkvooruw welzijn.Hetkan totslapeloosheid,
buikklachtenentot verliesvansociale contactenleiden.
12. De grootste moeilijkheden ondervinden beginnende basisschoolleerkrachten niet in de
omgang met leerlingen, maar vooral in het contact met hun ouders. De PABO's dienen
daarom veel meer aandacht te besteden aan het trainen en ontwikkelen van sociale en
communicatieve vaardigheden in de omgang met ouders.
13. De grootste energie- en geduldvreters op autowegen zijn de anderen !
(vrijnaarJ-P Sartre: "L'enfer,c'est les autres...")
14. De wereld gaat aan begrip ten onder.
15. Het publiceren van artikelen en het afronden van een proefschrift zijn de krenten in de
promotieonderzoekspap.

Stellingen behorendbij het proefschrift:
Flavonols andFlavones inFoods
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van MichaelG.L.Hertog
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Abstract
Flavonols andflavonesin foods and their relation with cancer and coronary heart
disease risk
PhD. thesis, AgriculturalUniversityWageningen, StateInstitutefor QualityControl of
AgriculturalProducts,Wageningen, theNetherlands,andNationalInstituteofPublic
HealthandEnvironmental Protection, Bilthoven,the Netherlands
MichaelG.L. Hertog
Flavonoids are polyphenolic antioxidants occurring ubiquitously in vegetable foods.
Flavonols and flavones inhibit chemically induced tumors in rodents. The flavonol
quercetin also inhibits LDL oxidation and platelet aggregation invitro.We therefore
decided to investigate the relation between flavonoid intake and cancer and coronary heart
disease risk in humans. The three flavonols quercetin, kaempferol, myricetin, and the two
flavones luteolin and apigenin were selected because of their anticarcinogenic and
antioxidant activities and because of their ubiquitous occurrence in foods. Wefirst
developed and validated aHPLC method for the quantitative determination of these
flavonoids in foods. We then determined the flavonol and flavone content of 28 types of
vegetables, 12types of fruits and 9 types of beverages commonly consumed in The
Netherlands. Quercetin was the main flavonoid and occurred in most fruits, beverages and
in some vegetables. Mean intake of flavonols and flavones combined among Dutch adults
was 23 mg/day, and main dietary sources of these flavonoids were tea (48 %),onions
(38%), and apples (8 %).Mean flavonol and flavone intake of 805 men aged 65-84 years
participating in the Zutphen Elderly Study 1985 was 26 mg/day. During five year followup period 75 men had a first diagnosis of cancer, of which 28 men had lung cancer.
Thirty-four men died from all-cause cancer. Intake of flavonols and flavones in 1985 was
not related to subsequent (lung) cancer morbidity (Ptrend 0.54) and mortality {Ptrend
0.51). Between 1985 and 1990 43 men died from coronary heart disease and 38 men hada
first myocardial infarction. Intake of flavonols and flavones, expressed as tertiles of intake,
was, independently from known risk- and confounding factors, inversely associated with
mortality from coronary heart disease (Ptrend 0.015) and incidence of a first myocardial
infarction (P trend 0.08). Average intake of flavonols and flavones in 16cohorts
participating in the Seven Countries Study around 1960 was alsoinversely related to
mortality from coronary heart disease after 25 years of follow-up, but it was not related to
cancer mortality. In multivariate regression analysis including saturated fat intake,
flavonoid intake, and percentage of smokers as independent variables about 90 %of the
total variance in coronary heart mortality was explained. Flavonol and flavone intake
contributed about 9 % to the explained variance.
We conclude that intake of flavonols and flavones may protect against coronary
heart disease in humans, but that it does not seem to be an important determinant of
cancer risk. However, more experimental, clinical, and epidemiological evidence is needed
before firm conclusions on the health effects of these flavonoids can be drawn.

The investigations described in this thesis were carried out at the DLO State Institute for
Quality Control of Agricultural Products (RIKILT-DLO), Department of Micronutrients
and Natural Toxins,Wageningen, The Netherlands; Wageningen Agricultural University,
Department of Human Nutrition, Wageningen, The Netherlands; and the National Institute
of Public Health and Environmental Protection, Department of Chronic Diseases and
Environmental Epidemiology, Bilthoven, The Netherlands.
The research in this thesis was supported by grants from the Ministry of Agriculture,
Nature Management, and Fisheries; the Dutch Commodity Board of Vegetables and Fruits;
and the Netherlands Prevention Foundation.
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Chapter 1

General Introduction

Thereis a theorywhichstates that if everanyonediscoversexactlywhat the Universeisfor
andwhy it is here, itwill instantlydisappearandbe replacedby something
evenmore bizarre andinexplicable.
Thereis anotherwhichstates that thishasalready happened.
Douglas Adams,The Restaurant at the End of the Universe. Pocket Books,New York, USA 1982
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General Introduction
Cancer and coronary heart disease are the most common causes of premature death in the
Western world (WHO, 1990), and are important determinants of the quality of life in the
elderly (Fries, 1980). Both cancer and coronary heart disease rates vary greatly between
different populations and countries. For instance, in Finland coronary heart disease is very
common, whereas Japan has very low incidence rates (Uemura and Pisa, 1988). Stomach
canceron theotherhandis acommon causeof death inJapan, butit isrelatively uncommon
inWestern Europe andtheUnited States (IARC, 1992).Epidemiological studies have shown
thatmigrantsrapidly adaptdiseasepatterns from theirnew homecountries suggesting thatin
addition to genetic factors (nature) also environmental factors (nurture) including life-style
factors play an important role in disease etiology (IARC, 1990). Environmental factors are
in principle preventable. There is for instance overwhelming experimental, clinical, and
epidemiologicalevidence thatsmokingisamajor riskfactor for several typesofcancer(Doll,
1976) as well as for coronary heart disease (Rose, 1990).Another apparent important factor
influencing cancer and coronary heart disease risk is diet.
At an JJLSI conference on Nutrition and Cancer in Atlanta (USA) in 1991, the
epidemiologist Doll estimated that about 20 to 60 % of all cancers could be attributed to
dietary factors. This shows that thereis alotof uncertainty. Themost consistent associations
areobserved between ahighconsumption of fruits andvegetables,particularly raw and fresh
green-yellow vegetables and fresh fruits, and a reduced risk of cancers at most sites, but
particularly cancer of the stomach, colon, rectum, and lung (Steinmetz and Potter, 1991a;
Block et al., 1992). Vegetable foods contain a large number of vitamins such as vitamin C,
vitamin E, and ß-carotene which, possibly due totheir antioxidant capacities, reduce cancer
risk (Steinmetz and Potter, 1991b). Recently the oxidation of low-density lipoproteins has
been proposed as a key factor in the onset and development of atherosclerosis (Witzum and
Steinberg, 1991).Antioxidant dietary vitamins such as vitamin E, vitamin C, and ß-carotene
could therefore alsoreduce coronary heart disease risk (Geyet al., 1993).Much attention is
paid in experimental, clinical, and epidemiological studies to the protective effect of these
vitamins.
However, vegetable foods also contain a large number of non-nutritive compounds, i.e.
substanceswithoutapparent nutritivevaluefor humans,butwithpronouncedbiologic activity
(Wattenberg, 1990). An important group of non-nutritive substances are flavonoids,
polyphenols which occurubiquitously infoods of vegetableorigin (Kiihnau, 1976).Evidence
for a potentially protective effect of some flavonoids, particularlyflavonolsandflavones,on
cancer and coronary heart disease risk is provided by in vitro and in vivo studies but their
effects in humans are unknown. Epidemiological studies are needed in which the effect of
theseflavonoids inhumansisinvestigated.Howeverquantitativedataontheflavonoid content
of foods, needed for an epidemiological evaluation, are lacking. This thesis describes the
developmentof ananalyticalmethodfor thedetermination offlavonols andflavones infoods,
their content in relevant foods, and the relation between flavonol and flavone intake and
cancerandcoronary heartdiseaserisk.First,themechanismsinvolvedincancerandcoronary
heart disease development will be summarized. Subsequently, the structure, the occurrence,
and the biologic effects of flavonoids will be reviewed. Finally, a description of the outline
of this thesis will be presented.
11

Chapter 1

Cancer
Carcinogenesis
Cancerembraces agroupof diseases which haveincommon that acell is altered in such
a way that it escapes growth control and replicates. In this way a normal functioning of the
organ in which the cell proliferates is prohibited (IARC, 1990). There is considerable
evidence thatcarcinogenesis isamultistageprocess which can beinitiated andmodulatedby
chemical agents present in the environment (e.g. diet), but also by viruses and ultraviolet
radiation (IARC, 1990). Most experimental evidence on the multistage process of
carcinogenesis is derived from the mouse-skin model. In general three distinct steps in
chemical carcinogenesis are considered: initiation, promotion, and malignant conversion or
progression (Figure 1).In the initiation phase irreversible damage to the DNA of a cell is
introduced, which provides the cell with a relative growth advantage, possibly due to the
activation of proto-oncogenes (Guyton and Kenseler, 1993). In the promotion phase
proliferation of the initiated cell is stimulated, possibly by binding to, and activation of,
cellular receptors which are involved in growth control, or by inhibition of intracellular
communication (Weisburger JH, 1992).Promotion leads to benign growth that can evoluate

precarcinogen

1
V
ultimate
radiation,viruses,carcinogens
carcinogen reactiveoxygenspecies
productsfromarachidonicacidcascade

DNA mutations

Ö«
activationofproto
oncogenes

Inititation
/

Cell

V

Selectiveproliferation

Geneticdamage

JJe.4

Ü»
inactivationof
growthcontrol

^ m^ Promotion

inactivationoftumor
suppressorgenes

M • ^

Progression
\

Tumor

Figure 1.Multistage carcinogenesis. Steps thatcan beinhibitedbyanticarcinogens are
numbered, see text (adaptedfromWattenberg, 1985; Guyton andKenseler, 1993)
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in the third stage, malignant conversion or progression, into cancer. Malignant conversion
requires,similarly toinitiation,geneticalterationsinwhichgrowthcontrolisfurther inhibited,
possibly byinhibition of tumor suppression genes (Guyton andKensler, 1993).Itis probable
thatmultipleinitiating andpromoting events areinvolvedin tumordevelopment and growth.
Vogelstein and co-workers presented a multistage genetic model for human colorectal tumor
development. Inthismodelatleast5geneticmutations inaffected cellsareneededforcancer
formation (Vogelstein et al., 1988;Fearon and Vogelstein, 1990).This isroughly consistent
with epidemiologic studies which showed that therate of tumor development is proportional
to the fourth to sixth power of the elapsed time (Moolgavkar and Luebeck, 1992). In
experimentalanimalstudiesitwasshownthatinitiation,promotion,andmalignantconversion
can be modulated, e.g. stimulated and inhibited, by chemical compounds in the diet.
Compounds that inhibit chemically inducedcarcinogenesis arethuscalled "anticarcinogens".
Themechanisms involved have been extensively reviewed (Wattenberg, 1985;DeFlora and
Ramel, 1988; Ito and Imaida, 1992) and here only a brief overview will be presented. It
shouldbenotedthatalmostallevidenceontheeffects of anticarcinogens andthemechanisms
involved is provided from experimental (animal) studies and their relevance in humans is
unclear.
Due to the pioneering work of Wattenberg anticarcinogens have been classified, mainly
uponthemomentintheprocessofcarcinogenesis inwhichtheyareactive(Wattenberg,1985,
1990): inhibitors of carcinogen formation1; carcinogen scavengers2; agents that inhibit
promotion and/ormalignant conversion3; and agents that stimulate DNArepair mechanisms4
(see also numbering in Figure 1). Most compounds show several mechanisms of action.
Inhibitors of carcinogen formation are substances that stimulate the activity of Phase I and
PhaseIIenzymes,which areimportant indeactivatingpotential toxinsincludingcarcinogens.
Phase I enzymes are microsomal mono-oxygenases such as the P450 family of enzymes.
PhaseIIenzymesconjugate productsfrom PhaseItransformation withforinstanceglutathion,
thusmakingcarcinogens more hydrophilic andmoreeasily excreted (Wattenberg, 1985).For
instance the activation of theprecarcinogen benzo(a)pyrene toits active metabolite (ultimate
carcinogen) is inhibited and its excretion isenhanced byinduction of especially the Phase II
conjugating enzymes (Wattenberg, 1987). Carcinogen scavengers trap ultimate carcinogens
by binding and forming inactive complexes. Polycyclic aromatic hydrocarbons are thus
inactivated (Wattenberg and Loub, 1978). Antioxidants trap reactive oxygen species which
are thought to be involved in promotion and malignant conversion (Guyton and Kensler,
1993). In addition, products from the arachidonic acid cascade such as prostaglandins and
leucotriënes stimulate promotion andpossibly progression (Fiirstenbergeret al., 1989).Antiinflammatory agents which inhibit the arachidonic acid cascade may thus inhibit promotion
and malignant conversion (Fischer et al., 1982).
Coronary Heart Disease
Coronary heart disease, also called ischemic heart disease, is a group of disorders
characterized by an insufficient flow of blood through the coronary arteries which can result
in death of the heart muscle cells. It is caused by a narrowing of the coronary arteries by
atherosclerotic plaquesorbytheformation ofathrombusinanatheroscleroticcoronaryartery
which blocks the lumen (Guyton, 1986).
13
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Atherosclerosisand thrombosis
Thedevelopment of atherosclerosis (Figure 2)is currently bestexplained by theresponseto-injury hypothesis forwarded by Ross in 1973, modified in 1986, and in 1993 (Ross and
Glomset, 1973; Ross, 1986; idem, 1993). Injury or inflammation of the endothelial cells in
arteries causes the release of growth factors that stimulate platelet aggregation, early
thrombosis, and the migration of monocytes and T-lymphocytes to the inner layer of the
arterial wall.The monocytes then become macrophages which accumulate cholesteryl esters
to form so-called "foam cells". These foam cells build together with theT-lymphocytes and
smooth muscle cells, the fatty streak (Ross, 1993). Recently, the oxidative modification of
low-density lipoproteins (LDL) has been proposed as a key factor in the initiation and the
development of atherosclerosis (Steinberg et al., 1989). Oxidation of LDL is a free radical
processknown aslipidperoxidation,whichcausestheoxidationoftheunsaturated fatty acids
in LDL. In vitro studies show that LDL can be oxidatively modified by endothelial cells,
arterial smooth muscle cells, and macrophages (Witzum and Steinberg, 1992). Recent
investigations suggestthatthesemodifications mayindeedoccurinvivo(Yla-Herttualaet al..
1989;Palinski et al., 1989).However theexact natureof thefree radical species involved in
vivoisnotknown.Chain-breakingantioxidantscaninhibittheoxidativemodifications ofLDL

lipoxygenases
cydooxygenases
phosphodiesterases

Myocardial
infarction
=> Thrombosis
!

endothelialcells
smooth musclecells
macrophages

complicated
plaque
calcium
+
lipids

fibrofattylesion
Injury

#

fattystreak
Injury
Inflammation

foamcell

intactartery

Figure 2.LDL oxidation, atherosclerosis, and thrombosis (adaptedfromSteinberg etal (1989)
andRoss (1993)
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by scavengingreactiveoxygen species (Esterbaueretal., 1993).OxidizedLDLis,incontrast
to native LDL,rapidly taken up bymacrophages whichconvert them intofoam cells (Figure
2). Oxidized LDL is also cytotoxic which may cause local endothelial injury, thus favoring
the penetration of monocytes and accelerating the formation of the fatty streak (Steinberg,
1989).
The fatty streak canprogress into an intermediate fibrofatty lesion by increased migration
of monocytes andproliferation of smooth muscle cells.The fibrofatty lesion consists mainly
of smooth muscle cells,elastic fibre proteins, collagen, andproteoglycans (Ross, 1993).The
fibro-fatty lesions develop further into fibrous plaques, which often become calcified by
precipitation of calcium with lipids.The atheromous plaque which is thusproduced narrows
byitself the lumen of the artery, but is alsoprone torupture with subsequent exposure of its
content to the flowing blood. The rupturing or fissuring of plaques leads to platelet
aggregation which can lead toocclusive thrombosis, the so-calledcomplicated plaque(Ross,
1993). Occasionally, the thrombotic clot breaks away and flows (embolus) to a more
peripheral branch of thecoronary arterial treewhere it blocks the artery (Fusteret al., 1992).
Coronary thrombotic occlusions of sufficient size cause an acute myocardial infarction.
Thrombosis is a process that is closely controlled by a large number of enzymes, including
phosphodiesterases, lipoxygenases,andcyclooxygenases,butthecontrolling mechanisms are
only poorly understood.Theactivityof theseenzymescanbemodulated byseveral (dietary)
compounds, which leads toaltered platelet aggregation and thrombotic tendencies (Badimon
et al., 1993).
Flavonoids
Chemical structure
Flavonoids share the common skeleton of diphenylpyrans (C6-C3-C6), e.g. two benzene
rings (A and B) linked through a heterocylic pyran or pyrone ring (C) (Figure 3) (Kiihnau,
1976).Flavonoids compriseoneof thelarge groupsof secondary plant metabolites occurring
widely throughout theplant kingdom,including food plants.Flavonoids consist of flavonols,
flavones, flavanones, anthocyanidins, catechins, and biflavans (Table I).Over4000 different
types of flavonoids havebeen described and this number is today still increasing (Markham,
1989).
Of particular importance in this review are flavonols and flavones because of their
potentially protectiveroleincarcinogenesis,atherosclerosis,andthrombosis.Incommonwith
other flavonoids the most frequently found flavonols and flavones are those with B-ring
hydroxylation in the 3'-and4'-positions (Herrmann, 1988).Flavones lack the hydroxygroup
at C3 that characterizes the flavonols. Quercetin and kaempferol are typical flavonols, the
corresponding flavones being luteolin and apigenin respectively (Figure 3). Flavonols and
flavones occur in foods usually as O-glycosides, with D-glucose as the most frequent sugar
residue.Other sugarresidues areD-galactose,L-rhamnose,L-arabinose, D-xylose,aswellas
D-glucuronic acid. In general the sugars with D-series occur as the ß-glycoside, whereas the
L-series occurin the a-configuration. Thepreferred binding site of the sugar residues areC3
and less frequently the C7-position (Herrmann, 1976, 1988). The sugar-free part of the
flavonoid molecule is called the aglycone.
15

Chapter1

TableI.Differenttypesofflavonoids (see alsoFigure 3)and theirdeterminants in the diet (adapted
fromKiihnau, 1976)
Compound

Basic Structure

Typical food

Representative
(aglycon)

Estimated
intake in
the US

Flavonols

3-hydroxyflavonoids

vegetables,
fruits

quercetin

Flavones

3-desoxyflavonoids

vegetables,
citrus fuits

apigenin

160 mg=
flavonols,
flavones,
and
flavanones

Flavanones

3-desoxyflavonoids
(no C2-C3double bound)

citrus fruits

hesperitin

Anthocyanidins

4-desoxyflavonoids
(no C2-C3double bound)

berries,
colored fruits

cyanidin

180mg

Catechins

3-hydroxyflavonoids
(no C2-C3double bound)

tea, wines

epigallocatechin

220 mg

Biflavans

catechin and flavandiol
dimers

fruits

proanthocyanidin

460 mg

Due tothevariation in hydroxylation and glycosidation patterns more than 1000 different
flavonols and flavone glycosides have been described. These flavonoids share the common
structure of afew hundred typesof flavonoid aglycones.Mostof theseflavonoids occuronly
specifically in individual plant species (Markham, 1982).
Functioninplants
Several functions of flavonoids in plants
have been either demonstrated or proposed.
Theseinclude:protectionofplantsfromUV
light, insects, fungi, viruses, and bacteria;
pollinator attractors; plant hormone
controllers; and enzyme inhibitors
(Markham, 1989). The ubiquitous
occurrence of flavonoids in higher plants
Figure 3.Flavonols:X=OH; Quercetin: Rl=OH,
and their rapid turn-over suggest that
R2=H; Kaempferol: Rl=H„ R2=H; Myricetin:
flavonoids areindeedimportant toplants.In
Rl=OH, R2=OH. Flavones:X=H; Apigenin:
foods flavonoids may play important roles
R1=H, R2=H; Luteolin: Rl=OH, R2=H
as natural colorants, flavoring compounds
(bitterness),andprotection againstoxidation
(Singleton, 1981). Because of their specific
occurrence in (plant) foods, flavonoids are often used for taxonomie purposes and for the
tracking down of adulterations (Markham, 1989).
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Occurrenceinfoods
Theoccurrence of flavonols andflavones infoods hasbeenreviewed byHerrmann (1976,
1988).Flavonols and flavones occurmainly in theleaves andin theouter partsof theplants,
while only trace amounts are found below the soil surface. An exception are onions which
contain a large amount of quercetin 4'-D-glucosides. In vegetables quercetin glycosides
predominate, but glycosides of kaempferol, luteolin, and apigenin are also present. Fruits
almostexclusively containquercetin glycosides (Herrmann, 1988).Kühnauestimatedin 1976
that daily flavonoid intake in the US was approximately 1 gram of which about 100 mg
(expressedasaglycons)consistedofflavonols andflavones (seealsoTableI)(Kiihnau,1976).
However, so far little attention has been paid to quantitative aspects of the determination of
flavonols andflavones infoods, e.g.completeness of extraction andhydrolysis,and analyses
involved mostly whole foods including edible and non-edible parts. Furthermore the
quantitative data published were mainly obtained with thin-layer chromatography followed
by a spectrophotometric measurement. This analytical method is today considered obsolete
and it may have resulted in an over- or underestimation of the flavonoid content of foods.
Biologic effects
Thehistoryof flavonoids hasbeencharacterizedbycontroversiesregardingtheirbiological
effects andsignificance. Around 1940flavonoids werethoughttohavevitamin properties.In
the seventies flavonoids were suspected mutagens and carcinogens, whereas in the eighties
much attention was paid to their antimutagenic and anticarcinogenic activities. Finally, in
recent yearstheantioxidantcapacitiesofflavonoids andtheirpotentialroleinboth,inhibition
of LDL oxidation and platelet aggregation was reported. In the following a short review of
the biologic effects of flavonoids will be presented. Other effects of flavonoids have been
reported suchasimmune-stimulatingeffects, anti-allergiceffects, anti-viraleffects, estrogenic
activity, and antidiarrhetic activity (Singleton, 1981; Mabry et al., 1984; Middleton and
Kandaswami, 1992). However, it is beyond the scope of this overview to summarize all
effects of flavonoids that have been reported.
Flavonoidsasvitamin P
Already in 1936Szent-Györgyi and co-workers reported that flavonoid preparations from
citrus peel and paprikacould heal scorbutic pigs where vitamin Calone did not (Bentsâth et
al., 1936). Flavonoids had especially strong inhibitory effects on the permeability of
capillaries andSzent-Györgyi andcoworkers coinedthetermvitamin P(forpermeability) for
flavonoids (Bentsâthetal., 1937).However, duetosubsequent contradictory results obtained
by other scientists, the claims that flavonoids were indispensable like vitamins were not
substantiated and the term vitamin P was dropped in 1950. As it was clear that flavonoids
showed biologic activities the term "bioflavonoid" was introduced (Singleton, 1981). This
term is today still in use although not universally. In subsequent years the studies on the
effects of flavonoids, mainly citrus flavonoids, were directed to the vascular system,
particularly on the capillary fragility and increase of the resistance of normal capillaries to
trauma's (Singleton, 1981). Much attention was also paid to the vitamin C sparing activity
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offlavonoids (Kiihnau, 1976).Howevernoclearclinicalevidenceontheeffects of flavonoids
in humans was presented.
Flavonoidsin carcinogenesis
Renewed attention waspaidtoflavonoids in 1965whenthepotentiallycarcinogenic effects
of bracken fern (Pteridiumaquilinium) was reported (Evans and Mason, 1965).Two major
flavonoids, e.g. quercetin and kaempferol present in bracken fern were suspected to be the
major carcinogens in this plant. Quercetin was mutagenic in several invitroshort term tests
(Nagao etal., 1991).However quercetin didnot show genetic toxicity in several invivotests
(Yoshida et al., 1980; Aeschbacher et al., 1982). Some evidence for carcinogenicity of
quercetin was shown in two studies from the same laboratory (Pamucku et al., 1981;Ertürk
et al., 1981),in which quercetin at0.1 %inthediet induced bladderand liver tumors inrats.
Between 1981 and 1983 three large long-term experimental animal studies were carried out
in which quercetin or its glycoside rutin were administered in levels between 0.1 %and 10
%of the diet to several strains of mice,rats,andhamsters. Allof these studies failed tofind
any carcinogenic activity of these flavonoids (Saito et al. 1980;Hirono et al., 1981;Morino
et al. 1982). Quercetin and other flavonoids are now generally considered to be not
carcinogenic. This is supported from findings in 1984 that a compound isolated in bracken
fern named Ptaquilosid, is probably responsible for the carcinogenic activity of bracken fern
(Hirono et al., 1984).
Equally around 1985 Wattenberg suggested that flavonoids, particularly flavonols and
flavones,couldhaveimportantantimutagenicandanticarcinogeniceffects (Wattenberg,1985).
Quercetinandotherhydroxylatedflavonoids inhibited themetabolicactivationofcarcinogens
by modulation of the activity of detoxifying enzymes; formed inactive complexes with
ultimatecarcinogens;actedasscavengerofreactiveoxygen species;andinhibited arachidonic
acid metabolism (see also Figure 1). The anticarcinogenic and antimutagenic effects of
flavonoids havebeenreviewedin 1992byHuangandFerraro,therefore onlyashort summary
will bepresentedhere.Topical application ofquercetin andotherflavonoids inhibitedratskin
tumorpromotion induced by 12-0-tetradecanoylphorbol-13-acetate (TPA)(Katoet al., 1983)
(Wei et al., 1990), possibly by inhibition of epidermal ornithine decarboxylase activity.
Quercetin and other flavonoids also inhibited 7,12-dimethylbenz(a)anthracene-,
benzo(a)pyrene-, 3-methylcholanthrene-, and iV-methyl-N-nitrosourea-induced skin
tumorigenesis in mice (Mukhtar et al., 1988).Of particular interest are two studies in which
theeffect ofdietary administeredflavonols wereinvestigated.Vermaandco-workersreported
that dietary quercetin inhibited tumor initiation by7,12-dimethylbenz(a)anthracene (DMBA)
and tumor promotion with 12-0-tetradecanoylphorbol-13-acetate (TPA) in the mouse skin
(Verma et al., 1988). By using an experimental model of colon cancer, Deschner and coworkers showed that under low fat intake, dietary quercetin and rutin suppressed
hyperproliferation of colonic epithelial cells and ultimately colon tumorincidence (Deschner
etal., 1991).Theresults of these animal studies thus suggestthatflavonols andflavones may
inhibit tumor development in human beings. However, the anticarcinogenic effects of these
flavonoids in humans have not been studied.
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Flavonoidsin atherosclerosis and thrombosis
Flavonoids are strongantioxidants andoxidantdamageisthought toplayanimportantrole
in atherogenesis.Theantioxidant effects of flavonoids havebeenrepeatedlyinvestigated and
reviewed (Takahama, 1985;BorsandSaran, 1987;Cotelleetal., 1992;Limassetetal., 1993).
In general optimum antioxidant activity of flavonoids is associated with multiple phenolic
groups (especially 3' and 4' hydroxygroups), a carbonylgroup at C-4; and free C3 and C5
hydroxygroups (Robak et al., 1988). Flavonols such as quercetin which combines these
features scavenged superoxide anions (Robak and Gryglewski, 1988), hydroxyl radicals
(Husainet al., 1987),lipidperoxy radicals (Sorataetal., 1982),andtheyformed ligandswith
metal ions (Takahama, 1985).However, quercetin and myricetin did also show pro-oxidant
actions in vitro in the presence of Fe3+ (Laughton et al., 1989). Flavonoids inhibited LDL
oxidation by macrophages invitro,probably by protecting oc-tocopherolin LDL from being
oxidized by free radicals, by reducing the formation of free radicals in the macrophages or
byregenerating oxidized cc-tocopherol (DeWhalley et al., 1990).Quercetin alsoreduced the
cytotoxicity of oxidizedLDL,whereas flavones such asapigenin werecompletely ineffective
(Negre-Salvagyre et al., 1992). Although the precise mechanisms are unknown, quercetin
probably blocks thegeneration of theintracellular cytotoxic signals,possibly byinhibitionof
enzymes that are involved in signal transduction. Frankel and co-workers showed that
phenolics, including quercetin, extracted from red wine inhibited copper-catalyzed oxidation
of human LDL ex vivo (Frankel et al. 1993).
Flavonoids alsoaffect theactivityofenzymes thatareinvolvedininflammatory processes,
blood platelet aggregation, and platelet adheration to vascular walls. However, the exact
mechanisms involved in the inhibition of inflammatory responses and their relation with
plateletaggregation areonlypoorly understood. Theflavonols quercetin andrutin showed for
instance to be modest inhibitors of platelet aggregation in platelet-rich plasma in vitro,but
they are powerful anti-platelet agents in vivo (Gryglewski et al., 1987). Flavonols are in
generalrelatively strong inhibitors of lipoxygenases, whereas they areonlymodest inhibitors
of cyclooxygenases (Moroney et al., 1988; Laughton et al., 1991). Flavonols were also
reported to stimulate cyclooxygenases when arachidonic acid wasused asubstrate (Robaket
al., 1988). Possibly flavonols inhibit phosphodiesterases resulting in a rise of cyclic AMP.
Cyclic AMP potentiates the antiaggregating effects of prostacyclin (Landolfi et al., 1984;
Mower et al., 1984). It was also reported that quercetin reduces the availability of free
intracellular CA2+,probably byinhibiting CA2+-dependent ATPase (Beretzet al., 1982).The
authors speculate that the reduced availability of CA2+ could prevent the activation of
actomyosin of the cytoskeleton which is needed for platelet aggregation. Flavonols bind in
vitroandinvivotoplatelet membranes andmight inhibittheinteractionof activated platelets
with vascular endothelium (Gryglewski et al., 1987). In addition flavonols, due to their
antioxidant activity, inhibit locally destruction of endothelial prostacyclin and endotheliumderivedrelaxing factor (EDRF)bylipidperoxides which aregeneratedbyactivatedplatelets.
Prostacyclins and EDRF both inhibit platelet aggregation and have vasodilatory activity
(Gryglewski et al., 1987). Quercetin showed indeed vasodilatory effect on the isolated rat
aorta (Duarte et al., 1993). In summary, the antithrombotic effects of these flavonoids could
be mediated through at least two or three different mechanisms. Evidence on the effects of
flavonoids on atherosclerotic complications andthrombotic tendencies in humans is lacking.
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Scope of the thesis
In 1989, as this project was designed, its primarily aim was to evaluate the protective
effects of non-nutrients on cancer risk. We organized a workshop with experimentalists,
epidemiologists, and food chemists in the spring of 1990in which priorities were set for an
epidemiologicevaluation ofnon-nutritiveanticarcinogens (seesummary inappendix I).Itwas
concluded thatflavonoids werethemostpromisingcompoundstostudyinanepidemiological
context. In brief, this choice was based on three previously defined requirements: strong
evidence on their anticarcinogenic capacities, their ubiquitous occurrence in vegetables and
fruits, and their relatively uncomplicated analytical determination in foods. In the courseof
1992 accumulating evidence on the potential role of antioxidants in the inhibition of LDLoxidation led us to extend the original hypothesis. Some flavonoids, including the ones we
investigated are potent antioxidants and inhibit LDL oxidation in vitro. Intake of these
flavonoids may therefore also reduce coronary heart disease risk.
The two main groups of flavonoids that have been investigated for their biologic effects
areflavonols andflavones. Botharepresentinmostvegetables,whereasfruits containmainly
flavonols. Quercetin is the major flavonol and we decided to concentrate specifically on
quercetin. Kaempferol and myricetin were added because they are structurally very similar
toquercetin in that allthree possess adouble bondat C2-C3and afree hydroxygroup atC3.
These flavonoids differ only withrespecttothenumberofhydroxygroups (Figure 3).Studies
on structure-activity relationsfor anticarcinogenic andantioxidant activity haveindicatedthat
the presence of a free hydroxygroup at C3 was needed although this was not unequivocal
(Takahama, 1985; Bors and Saran, 1987; Cotelle et al., 1992; Limasset et al., 1993). We
therefore alsoincluded thetwomajor food flavones luteolin andapigenin, which lack theC3
hydroxygroup, in our analysis.
As pointedout before noanalytical method and noquantitative data on theoccurrence of
these flavonoids in foods were available. We decided to develop and validate a method for
thedetermination offlavonols andflavones infoods,andtoestablish afood composition table
on theseflavonoids whichcouldbeused todetermine flavonoid intakein humans.Individual
intake of flavonols and flavones would then be related to cancer and coronary heart disease
risk in a prospective study (The Zutphen Elderly Study). In addition, we investigated the
contribution of flavonols and flavones to cross-cultural differences in cancer and coronary
heart disease mortality rates (The Seven Countries Study).
A step-by-step procedure was formulated at the start of the study which is summarized in
the following aims:

- Developavalidated methodfor thequantitativedetermination of quercetin, kaempferol,
myricetin, apigenin, and luteolin in foods of vegetable origin (Chapter2)
- Determine the content of these five flavonoids in vegetables, fruits (Chapter3), and
beverages (Chapter 4) commonly consumed in The Netherlands.
- Calculate mean intake of these flavonoids combined in humans and its determinants
(Chapter 5)
- Relate flavonoid intake to risk of cancer (Chapter 6) and coronary heart disease
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(Chapter7)risk in a prospective cohort study (The Zutphen Elderly Study)
- Determinethecontributionofflavonoid intaketocross-culturaldifferences incancerand
coronary heart disease mortality rates in The Seven Countries Study {Chapter 8)
Ageneraldiscussion, conclusions including suggestions for further research,andanepilogue
are described in Chapter9.
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Analytical Method for the Determination of
Flavonols and Flavones in Foods

This chapter is based mainly on:
Hertog, M.G.L.; Hollman, P.C.H.; Venema,D.P.
Optimization of a quantitative HPLC determination of potentially anticarcinogenic
flavonoids in vegetables and fruits. Journal ofAgricultural andFood Chemistry,1992,40,
1591-1598.
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ABSTRACT
A rapid method based on RP-HPLC with UV detection is presented for the
quantitative determination of five major flavonoid aglycones viz. quercetin,
kaempferol, myricetin,luteolin, and apigeninin freeze-driedvegetablesand fruits,
after acid hydrolysis of the parent glycosides. Completenessof hydrolysis and
extractionhave been optimizedby testingsystematicallydifferent conditionssuch
as acidconcentration, reactionperiodand methanolconcentration in theextraction
solution using samples containing varioustypes of flavonoidglycosides. Optimum
hydrolysis conditions are presented for flavonol glucuronides,flavonolglucosides
and flavoneglycosides. Identity of the flavonoidswasconfirmed with diode-array.
Repeatabilityof the method was good with coefficientsof variation (CV)ranging
from2.5-3.1% for quercetin,4.6-5.6% forkaempferol, 4.6% for myricetin,3.3%for
luteolinand 2.8% for apigenin. CV of the within-laboratory reproducibility wasless
than two times the CV of repeatability. Recoveries of the flavonolsquercetin,
kaempferol and myricetin ranged from 77-110 % and recoveriesof the flavones
apigeninand luteolin ranged from 99-106%. Themethodpresentedallows afast,
quantitative andreproducible determination of fiveflavonoids in freeze-driedfoods.
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INTRODUCTION*
Flavonoids are polyphenols present in foods of vegetable origin. Quantitative data on
the occurrence of flavonoids in foods, which are needed for an epidemiological evaluation
of flavonoids is missing (See General Introduction). Furthermore, the data that have been
published were mainly based on thin-layer chromatography and spectrophotometric
measurements. Recently, Bilyk and co-workers published results of flavonoid analyses in
foods based on HPLC and UV-detection (Bilyk et al., 1984; Bilyk and Sapers, 1985,
1986). However, hydrolysis conditions were not optimized in these studies. Quantitative
determination of individual flavonoid glycosides in foods is difficult because most
reference compounds are not commercially available. Furthermore, more than 50 different
glycosides of the most common flavonoids have been described (Herrmann, 1988).
Hydrolysis of all glycosides to aglycones offers a practical method for the quantitative
determination of flavonoids in foods. Hydrolysis of flavonoids with HCl has been
described by Harborne (1965) who performed acid hydrolysis with 2.0 M HCl in boiling
50% aqueous methanol (v/v). Under these conditions flavonol 3-O-glucosides are
hydrolysed completely within a few minutes whereas complete hydrolysis of flavonol 3,7
and 4'-0-glucuronides takes 60-250 minutes. Based on data from the literature (Bilyk and
Sapers, 1985; Herrmann, 1988) we selected five food samples viz. lettuce, endive,
cranberries, onions and leek in which the three major flavonols quercetin, myricetin and
kaempferol occur both as the rapidly hydrolysable glycosides, mainly glucosides and the
slowly hydrolysable glucuronides. In lettuce quercetin-3-D-glucuronide predominates and
luteolin-3-D-glucuronide is present in trace quantities. In endive kaempferol-3-Dglucuronide predominates. In cranberries high concentrations of quercetin- and myricetin3-D-glucosides are present. Onions have an exceptionally high content of quercetin-4'-Dglucosides whereas leek contains kaempferol-3-D-glucosides. Celery, containing the
flavones apigenin- and luteolin-7-apiosyl-D-glucosides, was used as an additional food
sample.
In this paper we present a HPLC method for the determination of the above mentioned
flavonoids in freeze-dried vegetables and fruits. Extraction and hydrolysis conditions have
been systematically optimized for every food sample by varying acid concentration and
reaction period. The effect of flavonoid and glycoside type on hydrolysis conditions could
thus be investigated.
MATERIALS AND METHODS
HPLC
Chromatographic separations were performed on a Nova-Pak Cl8 (WATERS
Associates, Milford, MA) column (3.9 x 150 mm, 4 urn) protected by a Perisorb RP-18
(3.9 x 40 mm, 30-40 urn) guard column. Both columns were placed in a column oven set
at 30°C. The HPLC system consisted of a KRATOS (KRATOS Analytical Systems,
Ramsey, NJ) SPECTROFLOW 400 solvent pump controlled by a KRATOS
SPECTROFLOW 450 solvent programmer and a LINEAR (LINEAR Inst. Corp. Reno,

* section shortened for publication inthis thesis

27

Chapter2

NV) model 204 UV/VIS detector set at 370 nm. A MARATHON (Spark Holland, Emmen,
the Netherlands) autoinjector was used with a fixed 10 uL loop. Two mobile phases were
used. The first mobile phase consisted of 25% acetonitrile in 0.025 M KH2P04 (pH 2.4)
with a flow-rate of 0.9 mL/min (eluent I). However, since inadequate separation of
quercetin and luteolin was achieved, a second eluent consisting of 45% methanol in 0.025
M KH2P04 (pH 2.4) with a flow-rate of 0.9 ml/min was used (eluent II). Detector output
was sampled using a NELSON (PE NELSON, Cupertino, CA) series 900 interface and
NELSON integrator software (model 2600, rev. 5.0). Quantification was based on peak
area as determined by NELSON. Eluent I was used for quantification of the compounds
whereas eluent II was used for additional peak identification. However, when both
quercetin and luteolin were present eluent II was used for quantification of these
flavonoids. A Hewlett-Packard (Palo Alto, CA) Model 1040 A photodiode-array UVvisible detector was used to record UV-spectra of the flavonoids in samples on-line.
Spectra were recorded upslope, apex and downslope (220-450 nm, 2 nm steps, sampling
interval 1280 ms). The spectra of each peak were superimposed after substraction of the
corresponding base line spectrum. Peaks were considered to be pure when there was exact
correspondence among the spectra (peak purity match >990). Similarly, peak identity was
confirmed by superimposing the spectrum of each peak with the corresponding standard
spectrum (peak identity match >990) and by comparison of retention times (time window:
0.5 %) in both eluents. Peaks were only quantitated if they matched the above mentioned
criteria.
Sample preparation
Fresh lettuce (LactucasativaL), leek (Alliumporrwn L), celery (Apium graveolensL),
onions (Allium cepa L), endive (Chicorium endivia L) and cranberries (Vaccinium
macrocarpon Ait.) were purchased in December at a local supermarket and prepared the
same day. The whole foods were cleaned, chopped under liquid nitrogen and immediately
stored at -20 °C until lyophilized (DELTA, condenser temp -45 °C, pressure 0.01 mbar).
The outer dry skin of onions was removed before cleaning. After lyophilisation the freezedried tissues were ground to pass a 0.5 mm sieve and allowed to equilibrate in open air.
Percentage of moisture was measured (80 °C, vacuo). The food samples were stored at
- 20 °C until analyzed.
Standards
Flavonoid standards were purchased from FLUKA (myricetin #70050, quercetin
dihydrate #83370, kaempferol #60010 and apigenin #10790) and from ROTH (luteolin
#5801). The standards were dissolved in methanol to a concentration of 500 ug/mL and
stored at 4 °C. Every week stability of the compounds in methanol was checked
spectrophotometrically at 375 nm (flavonols) and 340 nm (flavones) after dilution to 10
ug/mL in methanol. Standard solutions proved to be stable for over three months at 4°C.
An exception was myricetin which deteriorated by approximately 10% after one month.
Calibration curves of the standards ranging from 0.5 ug/mL to 25 ug/mL were constructed
for both eluents. As peak height, peak shape and retention time are dependent on the
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composition of the injection solution we decided to match standard and sample solution.
Standard stock solutions were diluted in 20 mL 62.5% aqueous methanol to which 2 g/L
of antioxidant fert-butylhydroquinone (TBHQ) was added. To this solution 5 mL of 6 M
HCl was added and subsequently made up to 50 mL with methanol. All compounds had
linear calibration curves (peak area vs. concentration) through the origin. R squared values
exceeded 0.9995. The limit of detection was defined as the amount of flavonoid which
resulted in a peak-height three times the standard deviation of the baseline noise.
Table I.Retention timet(R), capacityfactors (k'),andplate numbers offive flavonoids
Eluent II

Eluent I
Peaks

Compound

V)

k'

(min)

plate

ta)

number

(min)

k'

plate
number

1

myricetin

3.08

2.1

4080

3.45

2.5

1325

2

quercetin

5.78

4.8

5670

6.34

5.3

2080

3

luteolin

5.65

4.7

5330

7.88

6.9

2600

4

apigenin

10.32

9.3

5625

12.9

11.9

3355

5

kaempferol

11.52

10.5

5554

11.53

10.5

3125

Eluent I: 25% acetonitrile in 0.025 M phosphate buffer (pH 2.4). Eluent U: 45% methanol in 0.025 M phosphate buffer (pH
2.4). Detection at 370 nm, 0.01 a.u.f.s. Flow-rate 0.9 mL/min

Extraction and hydrolysis
Unless otherwise stated extracts were prepared as follows: 40 mL of 62.5 % aqueous
methanol (2 g/L TBHQ) was added to 0.500 grams of freeze-dried sample material. To
this extract 10 mL of 6 M HCl was added and mixed carefully. The extraction solution
thus obtained, consisted of 1.2 M HCl in 50% aqueous methanol (v/v). After refluxing at
90 °C for two hours with regular swirling, the extract was allowed to cool and was
subsequently made up to 100 mL with methanol and sonicated for 5 minutes.
Approximately 2 mL were filtered through a .45 urn filter for organic solvents (Acrodisc
CR PTFE, Gelman) prior to injection.
RESULTS
Eluent I and eluent II, described under the HPLC section, were both tested for
separation efficiency. Standard working solutions were made by diluting the five stock
solutions to 5 ug/mL as described before. The working solutions were injected onto the
column which was previously equilibrated with the eluent for 60 min.
As can be seen from Table I eluent I yielded, with similar capacity factors, much
higher plate numbers compared to eluent II. Interestingly, elution order of the pair luteolin
and quercetin and the pair apigenin and kaempferol is reversed in eluent I compared to
eluent II indicating a different selectivity of both modifiers for flavonols and flavones.
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Analyses of samples revealed that eluent I resulted in less interfering peaks compared to
eluent II (Figure 2,6). However, with eluent I quercetin and luteolin could not be
separated. Therefore, we decided to apply eluent I for quantification, eluent II for
additional peak identification and for quantification only when both, quercetin and luteolin
were present. However, as we did not found both quercetin and luteolin in the same
product, this proved not to be necessary for the food samples investigated in this study
Wildanger and Herrmann (1973) reported the use of 1% sulphuric acid in methanol for
hydrolysis of flavonoid glycosides in plant materials. Accordingly, we investigated the
effects of sulphuric acid and hydrochloric acid on hydrolysis of quercetin-3-Dglucuronides in lettuce. Lettuce was prepared and analyzed as described before, taking
care that the water/methanol ratio was kept equal for both acids. As can be seen from
Table II, higher yields were found with HCl compared to H 2 S0 4 . All further hydrolysis
experiments were thus carried out with hydrochloric acid
Table II. Influence of reaction period, acid type and acid concentration on quercetin yield" in
lettuce.
Reaction
period

H 2 S0 4
0.3M

HCl
0.6 M

1.2 M

0.6 M

1 hour

70 mg/kg 27%

141 mg/kg 55%

174 mg/kg 68%

216 mg/kg 85%

2 hours

108 mg/kg 42%

198 mg/kg 78%

185 mg/kg 73%

230 mg/kg 90%

4 hours

134 mg/kg 53%

209 mg/kg 82%

204 mg/kg 80%

245 mg/kg 96%

6 hours

181mg/kg 71%

231 mg/kg 90%

209 mg/kg 82%

255 mg/kg 100%

Results are expressed in mg/kg dry weight and as percentage of maximum yield found in this sample.
*Mean for duplicate determination

Table III. Influence of percentage methanol and a reaction period of 2 or 4 hours in extraction
medium onflavonoid yield (mg/kgdry weight) in threefood samples.
Food

methanol
reaction period

50%

20%
2 hr

4 hr

2 hr

83%

4 hr

2hr

4hr

mg/kg dry weight
5238

4775

4443

3091

kaempferol

170

222

133

1161

luteolin

153

296

154

256

1583

768

1300

onion

quercetin

endive
celery

apigenin
not determined
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Optimization of extraction and hydrolysis
The six food samples were prepared and analyzed as described before. Three
hydrochloric acid concentrations were tested (1.2 M, 1.6 M and 2.0 M) and the reaction
period was varied (0.5, 1, 2, 4 and 6 hours) in the procedure described under the
Extraction and Hydrolysis section. The lowest acid concentration and the shortest reaction
period were omitted in the analysis of lettuce, endive and celery. Determinations at each
HCl concentration and reaction period were carried out in duplicate for each food sample.
Henning (1980) reports that flavonoid glycosides are more soluble in water and
flavonoid aglycones more soluble in methanol. Extraction efficiency could thus depend on
the water/methanol ratio. In a preliminary experiment, two additional extraction solutions
with methanol concentrations of 20 % and 80 % were tested in the analysis of onions,
endive and celery. Care was taken to keep acid concentration in all extraction solutions
equal. It appeared that extraction was most efficient with 50 % aqueous methanol.
Flavonoid levels using 50% methanol were up to 30 % higher compared to 20 % and 80
% aqueous methanol (Table III). All further experiments were thus carried out with 50%
aqueous methanol (v/v).
Stability of the flavonoid standards under hydrolysis conditions was tested. It appeared
that all flavonoids (5 ug/mL) were stable in a solution consisting of 2.0 M HCl in 50%
aqueous methanol (v/v) (2 g/L TBHQ) and boiling for up to 6 hours. Losses were less
than 5% (results not shown). The influence of acid concentration and reaction period on
flavonoid yield in the six food samples is presented in Figures 1,3-5. All graphpoints are
the mean of duplicate determination. Results are expressed as percentage of the highest
yield found in that food sample and as milligrams per kilogram of dry weight (right y
axis). Highest amounts found are summarized in Table IV together with the corresponding
hydrolysis condition.
Onions,leek,and cranberries: glucosides of quercetin, kaempferol and myricetin
In onions, we found a high amount of quercetin (5076 mg/kg dry weight) but no
kaempferol could be detected. The highest yield was found using 1.2 M HCl and a
reaction period of two hours (Figure 1). Increasing acid concentration and reaction time
led to a significant degradation of quercetin. After six hours, quercetin had been degraded
up to 70% using 2.0 M HCl. Chromatograms of the onion sample analyzed with both
eluents are shown in Figure 2b. A small unknown peak with a retention time
corresponding to luteolin {\R)= 8.25 min) was detected in eluent II (Figure 2a). However,
the spectrum of this peak did not match the spectrum of luteolin.
Kaempferol (295 mg/kg dry weight) was detected in leek. Results are summarized in
Figure 1. Highest levels of kaempferol were found using 1.6 M HCl and a reaction period
of four hours. We also detected trace quantities of quercetin (20 mg/kg dry weight) when
both 1.2 M HCl and a reaction period of two hours and 1.6 M HCl and a reaction period
of one hour were used. Quercetin was only detected with eluent I and due to the low
level, identification was only tentative. At more severe hydrolysis conditions the quercetinr
peak disappeared.
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Figure I. Influence of acic concentration and reactionperiod on quercetinyield in onion and
kaempferolyield inleek.

sei

UVofpeak2
40-

D
I
E

38-

18-

3sa

3ea

äse

488

WovBlonoth ( n n )

Figure 2a: Superimposed diode-array spectrum of quercetin standard (a) and quercetin in onion
(b) both recorded in eluent I. Spectrum of unknown peak (2) at t(R) = 8.25 min recorded with
eluentII.
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Figure 2b. Typical chromatograms of an onion extract in eluent I (25% acetonitrile in phosphate
buffer (pH 2.4)) and eluentII (45% methanol inphosphate buffer (pH2.4)).Hydrolysis conditions:
1.2 M HCl/2 hours (for details see text). Peaks: 1. quercetin; 2. unknown. Detection at 370 nm;
0.01 a.u.f.s.Flow-rate 0.9 mLlmin.
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