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Stellingen 

1. De hoeveelheid acetylsalicylzuur in de dagelijkse voeding is verwaarloosbaar (dit 
proefschrift). 

2. Er is geen wetenschappelijk bewijs voor de suggestie dat de inname van 
acetylsalicylaat uit de voeding bijgedragen kan hebben aan de afname van sterfte aan 
cardiovasculaire ziekten in de USA (Ingster LM and Feinleib M. Abstract 36th 
Annual Conference on Cardiovascular Disease Epidemiology and Prevention, March 
1996, San Francisco, California, USA; dit proefschrift). 

3. Er is geen wetenschappelijk bewijs voor de stelling dat consumptie van gember de 
thromboxaan-produktie door de bloedplaatjes vermindert (Srivastava KC, Mustafa 
T. Prostaglandins Leukotrienes and Essential Fatty Acids 1989;38:255-66); dit 
proefschrift). 

4. Verplichte soberheid heeft een heilzame uitwerking op de gezondheid (uit: "Cubanen 
blaken van gezondheid dankzij crisis". Volkskrant 7/1/1997). 

5. De eed van Hippocrates is hopeloos verouderd (Intermediair 1996;27:34-35, 37). 

6. De vraag "Hoe gaat het?" is niet geschikt om te achterhalen hoe het werkelijk met 
iemand gaat. 

7. Werksfeer is bij uitstek een onderschatte succes-factor voor produktiviteit, vooral in 
wetenschappelijk onderzoek. 

8. De effectiviteit van een manager wordt meer bepaald door de kwaliteit van zijn/haar 
communicatie, dan door zijn/haar inhoudelijke kennis. 

9 Als je jezelf geen concrete doelen stelt, behoed je jezelf voor mislukkingen, maar 
je ontneemt je ook de kans op succes en ontplooiing. 

10. Significant is niet perse relevant. 

Behorende bij het proefschrift van P.L.T.M.K. Janssen getiteld: 
Dietary non-nutrients and haemostasis in humans: effects of salicylates, flavonoids and ginger. 
Wageningen, 28 mei 1997. 



Voor mam 

"There is a bark of an English tree, which I have found by experience to be a powerful 
astringent, and very efficacious in curing anguish and intermitting disorders. 

The Rev. Mr. Edmund Stone of Chipping-Norton in Oxfordshire, in a letter to the Right 
Honourable George, Earl of Macclesfield, president of the Royal Society, 

April 25, 1763." 

(Weissmann G. Aspirin. Scientific American 1991; January: 58-64.) 
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Abstract 

Dietary non-nutrients and haemostasis in humans: 
effects of salicylates, flavonoids and ginger 

PhD Thesis by P.L.T.M. Karin Janssen, Department of Human Nutrition, Wageningen 
Agricultural University, Wageningen, The Netherlands. 28th May, 1997. 

In this thesis we studied the content of acetylsalicylate and total salicylates in foods, 
and we studied the effects of the dietary non-nutrients salicylates and flavonoids and of 
certain foods on haemostatic parameters in humans. 

Acetylsalicylic acid -aspirin- irreversibly inhibits platelet cyclo-oxygenase, leading 
to decreased platelet thromboxane A2 production and decreased aggregation. Therefore it 
is effective as an anti-thrombotic drug in doses as low as 30 mg/d. Qualitative analyses by 
Swain et al suggested the presence of acetylsalicylate in foods. It was estimated that a 
normal mixed Western diet provides 10-200 mg/d of total salicylate and 3 mg/d of 
acetylsalicylate. We showed in 10 healthy subjects that 3 mg/d of acetylsalicylic acid 
decreased mean platelet thromboxane production by 39±8% (±sd). Thus, quantitative data 
on dietary acetylsalicylate deserved closer investigation. We determined acetylsalicylate and 
total salicylates in 30 foods using HPLC with fluorescence detection. Acetylsalicylate was 
lower than the detection limit (0.02 mg/kg for fresh and 0.2 mg/kg for dried products) in 
all foods. Total salicylates were 0-1 mg/kg in vegetables and fruits, and 3-28 mg/kg in 
herbs and spices. We showed that urinary excretion was a valid indicator for intake of pure 
(acetyl) sal icy lie acid (recovery 77-80%). We then studied urinary salicylate excretion in 17 
subjects eating a variety of diets to estimate the content of bio-available salicylates of diets. 
Median excretion was 1.4 mg/24 h (range 0.8-1.6). Our data suggest that even purely 
vegetable diets provide less than 6 mg/d of salicylates, and no measurable acetylsalicylate. 
These amounts are probably too low to affect coronary heart disease risk, and worries about 
adverse effects of dietary salicylates on the behaviour of children may be unfounded. 

Others found that dietary flavonoids were associated with a reduced risk of coronary 
heart disease and stroke. This might be due to effects on haemostasis, because flavonoids 
have been reported to inhibit platelet aggregation in vitro. We found that concentrations of 
2.5 u,M of the flavone apigenin inhibited collagen- and ADP-induced platelet aggregation 
in vitro by about 26%, whereas the flavonols quercetin and quercetin-3-glucoside had no 
effect. No effects were found on platelet aggregation, thromboxane production, or other 
haemostatic parameters in 18 healthy subjects after they had consumed large amounts of 
quercetin- (onions) and apigenin-rich (parsley) foods daily for 7 d each. We conclude that 
claims for anti-aggregatory effects of flavonoids are based on the in vitro use of 
concentrations that cannot be attained in vivo. Our findings suggest that it is unlikely that 
reported effects of dietary flavonoids on coronary vascular disease risk are mediated 
through platelet aggregation or cyclo-oxygenase activity. Possible effects on known risk 
indicators for coronary heart disease from the coagulation cascade or the fibrinolytic system 
should be examined in a larger study. 

It has been claimed that ginger consumption exerts an anti-thrombotic effect by 
inhibiting platelet thromboxane production. We, however, found no effects on platelet 
thromboxane production in a placebo-controlled cross-over study in 18 healthy subjects 
after consumption of raw (-1±9%, mean±sd) or cooked ginger (1±8%). 

We conclude that contents of (acetyl)salicylate in foods are too low to affect disease 
risk. We could not confirm the putative anti-thrombotic effect of ginger, onions and parsley 
on haemostatic parameters in humans. 
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Chapter 1 

Introduction 



Chapter 1 

Background 
Coronary heart disease is a major health problem in the Western world (1). In 1994, 

about 92,000 people were hospitalized because of this disease, and it was the primary cause 
of more than 20,000 deaths in the Netherlands (2). 

Coronary heart disease is caused by the narrowing of coronary arteries by 
atherosclerotic plaques followed by the formation of a thrombus in an atherosclerotic 
coronary artery, which may lead to an insufficient blood supply. 

Blood platelets play an important role in the development of coronary heart disease: 
injury of endothelial cells in arteries exposes blood to sub-endothelial collagen and tissue 
factor. Collagen activates the enzyme cyclo-oxygenase in platelets to produce thromboxane 
A2, which may cause platelet aggregation and early thrombosis. Aggregation is enhanced 
by the release of ADP from damaged platelets and vessel walls. Platelet-derived growth 
factor stimulates the migration and proliferation of smooth muscle cells and fibroblasts in 
the inner layer of the artery. Fatty streaks are formed, and these can turn into a complicated 
plaque. The plaque narrows the artery lumen, but is also prone to rupture. This, again, 
stimulates platelet aggregation, which can lead to occlusive thrombosis (3-4). 

The activity of cyclo-oxygenase may be inhibited by dietary compounds (5), such 
as dietary non-nutrients, i.e. substances without apparent nutritive value for humans, but 
with pronounced biologic activity (6). This may lead to a decrease in platelet thromboxane 
A2 production and aggregation, and to altered thrombotic tendencies (5). If such anti­
thrombotic substances were present in foods, a diet rich in those non-nutrients might be 
important in coronary heart disease prevention. It has been suggested that dietary 
acetylsalicylate and flavonoids, as well as non-nutrients present in ginger reduce thrombotic 
tendencies by inhibiting platelet cyclo-oxygenase activity (7-12). 

Acetylsalicylic acid, haemostasis and thrombosis 
Acetylsalicylic acid, aspirin, is effective as an anti-thrombotic drug in doses as low 

as 30 mg/d (13-14). It irreversibly inhibits platelet cyclo-oxygenase activity by acetylation 
(15-16). This leads to a decreased conversion of arachidonic acid into platelet thromboxane 
A2 -which is very unstable and is quickly converted into thromboxane B2 (the inactive 
derivate of thromboxane A2)- and to a decreased platelet aggregation (13-16). If 
acetylsalicylic acid were present in foods, a diet rich in acetylsalicylic acid might have an 
anti-thrombotic effect (7-8). 

Data on salicylate contents of foods are scarce (17-20). Based on food analyses and 
urinary excretion data, it was estimated that a normal mixed Western diet provides 10-200 
mg/d of total salicylates (17,20). Those high values were, however, questioned by others 
(18). Qualitative analyses showed the presence of acetylsalicylate in 37 out of 56 foods 
studied (20), but quantitative analyses were absent. It was estimated that a normal mixed 
Western diet provides 3 mg/d of acetylsalicylic acid (17,20; Truswell personal 
communication). It was suggested recently that dietary salicylate intake might have 
contributed to the decline in cardiovascular disease mortality in the USA (8). To study this 
hypothesis data on acetylsalicylate contents of foods and data on effects of foods rich in 
acetylsalicylate on haemostasis in humans are needed. 
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Flavonoids, haemostasis and thrombosis 
Flavonoids are polyphenolic compounds that occur ubiquitously in plant foods. Some 

subclasses of flavonoids are flavonols and flavones. Dietary intake of the flavonols 
quercetin, kaempferol and myricetin, and of the flavones luteolin and apigenin in the diet 
was associated with a reduced risk of coronary heart disease and stroke in some but not all 
studies. This association may be explained by the inhibition of LDL-oxidation and/or by 
effects on haemostasis (9-10). Incubations of human platelets or animal cells with isolated 
flavonoids suggest that flavonoids inhibit platelet aggregation, probably by inhibition of 
cyclo-oxygenase activity (10,21-22). It was also suggested that flavonoids may affect 
parameters for coagulation or fibrinolysis (23). However, conflicting observations on the 
effects of flavonols and flavones on in vitro platelet aggregation have been found (21-23). 
Flavonoid concentrations used in in vitro studies range between 10 and 1000 uM (21-22), 
which is 10-1000 times higher than plasma levels reached after oral intake (24). The effects 
of physiological flavonoid concentrations on in vitro platelet aggregation had not been 
studied, and human studies on the consumption of dietary flavonoids on platelet 
aggregation, cyclo-oxygenase activity, and parameters of coagulation and fibrinolysis were 
absent. 

Ginger, haemostasis and thrombosis 
It has been suggested that ginger exerts an anti-thrombotic activity by inhibiting 

platelet aggregation and thromboxane production in vitro (12). However, data on the effects 
of ginger consumption on blood platelet function, especially cyclo-oxygenase activity, are 
scarce and contradictive (25-26). 

Objectives of the project and outline of the thesis 
In this thesis we will focus on the content of total salicylates and acetylsalicylate in 

relevant foods. We will also study the effects of acetylsalicylic acid, flavonoids and ginger 
on haemostatic parameters as indicators for their anti-thrombotic tendency in healthy 
volunteers. Our main question is: Do dietary non-nutrients affect haemostatic parameters 
in humans? To answer this question we divided it into the following sub-questions. 

Acetylsalicylic acid, haemostasis and thrombosis 
What is the effect of 3 mg/d of acetylsalicylic acid (the amount possibly present in 
a normal mixed Western diet) on platelet cyclo-oxygenase activity as assessed by 
thromboxane production in healthy volunteers {Chapter 2)1 
What are the contents of acetylsalicylate and total salicylates in relevant foods 
{Chapter 3)1 
Is the excretion of salicylates in urine a valid marker for intake of pure salicylates? 
What amount of salicylates is excreted in 24-h urine of subjects eating a variety of 
self-selected diets {Chapter 4)1 
What is the estimated amount of bio-available salicylates in diets, based on the food 
analyses and the urinary excretion data? Is this sufficient to prevent coronary heart 
disease {Chapter 3-5)1 



Chapter 1 

Flavonoids, haemostasis and thrombosis 
Does a test tube addition of physiological concentrations of the flavonols quercetin 
and quercetin-3-glucoside and of the flavone apigenin affect in vitro platelet 
aggregation? Does daily consumption of large amounts of onions (quercetin-rich) or 
parsley (apigenin-rich) affect platelet aggregation, thromboxane production, and 
other haemostatic parameters in healthy subjects (Chapter 6)7 

Ginger, haemostasis and thrombosis 
Does daily consumption of raw and cooked ginger affect platelet cyclo-oxygenase 
activity as assessed by thromboxane production in healthy subjects (Chapter 7)1 

The answers to these questions, the conclusions of this thesis and suggestions for 
future research are described in Chapter 8. 
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Abstract 
It has been suggested that certain foods of plant origin contain milligram-quantities 

of acetylsalicylate which could exert an anti-thrombotic effect. Acetylsalicylic acid prevents 
cardiovascular diseases through inhibition of platelet endoperoxyde thromboxane production 
and platelet aggregation. We investigated whether a daily intake of 3 mg acetylsalicylic acid 
causes a measurable decrease of platelet cyclo-oxygenase activity assessed by in vitro 
thromboxane B2 production. We carried out a randomized, double-blind, placebo-controlled 
cross-over study. Ten healthy volunteers (5 men, 5 women) aged 22±3 years (mean±sd) 
participated in the study; there were no drop-outs. Participants took 3 mg/d of 
acetylsalicylic acid or a placebo for 2 weeks each. At the end of each treatment period 
venous blood was drawn, and platelet-rich plasma was stimulated with arachidonic acid. 
Treatment with acetylsalicylic acid caused a 39±8% decrease in maximal thromboxane B2 

production (p=0.000), which was independent of treatment order. Quantitative data on 
acetylsalicylate in foods and the possible anti-thrombotic action of a diet rich in 
acetylsalicylate deserves closer investigation. 

Introduction 
Acetylsalicylic acid is, even in low amounts, effective in the prevention of 

cardiovascular diseases (1-13). It inhibits platelet endoperoxyde thromboxane A2 production 
and platelet aggregation by irreversible acetylation of platelet cyclo-oxygenase which 
converts arachidonic acid into prostaglandin G2/H2, leading to further formation of 
thromboxane A2 (14-16). Low dose of acetylsalicylic acid, however, rarely influences the 
production of endothelial-cell-derived prostacyclin, a vasodilator and inhibitor of 
aggregation (17-22). 

Swain and co-workers suggested that fruits, vegetables, herbs, spices and tea are 
good sources of salicylates. Qualitative results also hinted at the presence of acetylsalicylate 
in fruits, vegetables, beverages, herbs and spices (23-25). The content of acetylsalicylate in 
foods was thought to be 0.1-1.0 mg per 100 g (23,25; Truswell personal communication). 
However, quantitative data on acetylsalicylate in foods are as yet not available. 

In addition to acetylsalicylic acid, flavonoids also inhibit in vitro platelet 
aggregation, but exact mechanisms are poorly understood (26). Intake of certain flavonoids, 
namely flavonols and flavones, is inversely associated with mortality from coronary heart 
diseases (27). The average daily intake of flavonols and flavones in the Netherlands is 23 
mg, mainly provided by tea, apples, onions and red wine (28). 

Data on the anti-thrombotic tendency of a diet rich in acetylsalicylate or flavonoids 
are as yet unknown. We studied whether a daily dose of 3 mg acetylsalicylic acid -the 
amount possibly provided by foods rich in acetylsalicylate- causes measurable changes in 
platelet function in man as assessed by a decrease in thromboxane B2 production. 

Subjects and methods 
Subjects 

Five men and five women, all students, participated in the study. Initial 
characteristics (mean ± sd) were as follows: body mass index 21±1 kg/m2, age 22+3 years, 
platelet count 255±39 *109 platelets/L, and systolic and diastolic blood pressure 116±9 and 
66±7 mm Hg, respectively. All participants were healthy, based on a medical questionnaire, 
with absence of glucose and protein in urine, and with normal blood chemistry 



Low dose acetylsalicylic acid 

(haematocrit, haemoglobin, mean cell volume, erythrocyte sedimentation, alanine amino 
transferase, gamma-glutamyl transferase, creatinine, platelet count, thrombin time, 
prothrombin time, activated partial thromboplastin time). None of the subjects was 
hypertensive. The participants were all non-smokers and had not used any regular or 
homoeopathic medication for at least one month before the study. The subjects were asked 
not to use any medication during the study. Paracetamol was provided to the subjects for 
emergency pain relief, but none of the subjects made use of it. One person used Fucithalmic 
during the study; however there is no indication that this medication should have any 
influence on platelet activity. 

The experimental protocol was approved by the Medical Ethics Committee of the 
Department of Human Nutrition. The protocol was fully explained to the subjects, but they 
were not told that the design of the study was cross-over, so as to minimize possible bias. 
All participants gave their written informed consent. 

Methods 
The study had a double-blind placebo-controlled cross-over design for 2x14 days; 

there was no wash-out period between the treatments. On day 1 the subjects were randomly 
assigned to daily treatment with 3 mg acetylsalicylic acid or a placebo. Four subjects started 
out on acetylsalicylic acid and six on placebo. Subjects swallowed one capsule a day before 
breakfast. Identical capsules of placebo and acetylsalicylic acid were prepared by the 
Department of Pharmacy of the Utrecht Academical Hospital. 

Subjects were requested not to eat fatty fish (salmon, trout, herring, mackerel), and 
to maintain their usual physical activity patterns, alcohol consumption and eating habits. 
Deviations from activity patterns or eating and drinking habits, and consumption of tea, 
fish, licorice, herbs and spices, alcoholic drinks, honey, onions and garlic were recorded in 
a diary, as were any signs of illness. 

Subjects visited the Department on days 0, 7, 15, 21 and 29 to enhance compliance 
and check maintenance of activity patterns and eating and drinking habits. On these visits 
we checked the diary and the body weight, and asked about adverse effects, illness, 
medication and visits to a dentist or doctor. Returned capsules were counted and a new 
supply was distributed. 

Random codes were assigned to all blood samples. Venous blood was drawn into 
3.8% sodium-citrate tubes 1:10 v/v (Sarstedt, Etten-Leur, The Netherlands) on days 11, 14, 
25 and 28 at 8.30 a.m. after an overnight fast. Platelet-rich plasma was prepared by 
centrifugation at room temperature for 10 min at 200 g (Hettich Rotanta, Depex, De Bilt, 
The Netherlands), removed and stored at room temperature in a capped tube. The residual 
blood was centrifuged at room temperature for 10 min at 1500 g to prepare platelet-poor 
plasma. Platelets were counted (Sequoia Turner, Abbot, Santa Clara, USA) and the platelet-
rich plasma was diluted by adding autologous platelet-poor plasma to 250*10' platelets/L. 
The diluted platelet-rich plasma (450 uL) was stimulated in duplicate with arachidonic acid 
(1.5 mM final concentration) (Bio Data Corporation, Horsham, USA) in an aggregometer 
at 37 °C (Bio Data Corporation, Horsham, USA). After 10 minutes 50 uL of the aggregate 
was added to 950 ^L buffer (0.9% NaCl, 0.01 M EDTA, 0.3% bovine gamma-globulin, 
0.005% Triton-X-100, and 0.05% sodium-azide in 50 mM phosphate buffer, pH 6.8; NEN 
Research Products, Du Pont, Boston, USA), the samples were immediately submerged in 
liquid nitrogen, and stored at -80 °C until analysis. Thromboxane B2 was measured in 



Chapter 2 

duplicate (Thromboxane B2 [
l25I] RIA kit, NEN Research Products, Du Pont, Boston, USA). 

Venous blood, taken from 2 healthy volunteers who had not used any medication for a 
month preceding blood donation, served as control pools. Preparation of the citrate-plasma, 
aggregations and storage were carried out as described. Within-run variation was 8%. 

Data were analyzed using the Statistical Package for Social Sciences (29). Mean 
values of thromboxane production at d 11 and 14, respectively and d 25 and 28, 
respectively were calculated. Those mean values were used to evaluate changes in 
thromboxane B2 production after treatment with acetylsalicylic acid and placebo using a 
paired Student's t-test with a probability level of 5% and a power of 90% for normally 
distributed data; Wilcoxon's Signed Rank Test was used for not normally distributed data. 
Within-person within-period variation of thromboxane production was calculated. Treatment 
order effects were checked using analysis of variance (30). 

Results 
Compliance, expressed by the proportion of capsules not returned, was 100% during 

placebo treatment, and 99% during acetylsalicylic acid treatment. The diaries did not reveal 
relevant changes between the treatment and placebo period in physical activity patterns, 
eating or drinking habits. Body mass index was stable (95%-confidence interval -0.1 to 0.5 
kg/m2) and no adverse reactions were reported. 

There was no effect of treatment order (p=0.207). Within-person variation of 
thromboxane B2 production between blood samples taken 3 days apart was 8% after placebo 
and 10% after aspirin treatment. Consumption of 3 mg/d of acetylsalicylic acid for 14 days 
significantly decreased (p=0.000) platelet thromboxane B, production by 783±77 nmol/10" 
platelets or 39+8% (mean+sd, n=10). Mean thromboxane B2 production was 2016±299 and 
2062±356 nmol/10" platelets after daily treatment with placebo for 11 and 14 days, 
respectively, and 1216+294 and 1294±326 after daily treatment with 3 mg aspirin for 11 
and 14 days, respectively (Fig 1). 

Discussion 
There is a growing interest in food components that affect cardiovascular risk 

through mechanisms other than the classical intermediates, blood pressure and lipoproteins. 
Dietary effects on platelet function are of special interest because acetylsalicylic acid has 
been convincingly shown to reduce the incidence of cardiovascular diseases (7,12,31). 
Contents of acetylsalicylate in foods are unknown yet, and need further investigation. 

As far as we are aware the only previous studies which used a daily dose of 
acetylsalicylic acid in amounts of 3 mg or less were uncontrolled trials (21,32-34). We now 
found that 3 mg acetylsalicylic acid daily reduced in vitro platelet thromboxane B2 

production by almost 40%. By applying careful standardization we were able to reduce the 
combined analytical and biological within-subject variation to 8% after placebo treatment 
and 10%) after aspirin treatment. Using our methodology we may therefore be able to detect 
even a 10% reduction in platelet thromboxane B2 production at p=0.05 with a power of 
90%>, corresponding to the effect of less than 1 mg acetylsalicylic acid daily (21-22). 

According to Swain, fruits, vegetables, herbs, spices, honey, and tea are good 
sources of salicylate and a normal mixed daily diet provides 10-200 mg of total salicylates. 



Low dose acetylsalicylic acid 

Qualitative results also hinted at the presence of acetylsalicylate in fruits, vegetables, 
beverages, herbs, and spices (23,25), but quantitative data are absent. Our data suggest that 
if the content of acetylsalicylic acid in foods were as high as can be inferred from the 
results of Swain et al. (23,25), a normal mixed daily diet might have measurable effects on 
platelet function in man. Studies on the possible anti-thrombotic action of a diet rich in 
acetylsalicylate or flavonoids deserve closer investigation. 
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Fig 1: Maximally stimulated thromboxane B, production (nmol/10" platelets) in 10 healthy volunteers 
treated with placebo (d 11 and 14) or 3 mg/d of acetylsalicylic acid (d 25 and 28) daily, for 2 wks each. 
Treatments were given in random order in a double-blind cross-over trial. Thus 4 out of the 10 subjects 
actually received aspirin on d 1 to IS, and 6 out of the 10 subjects received placebo on d 1 to 15. 
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Chapter 3 

3.1 Determination of acetylsalicylic acid and salicylic acid 
in foods, using HPLC with fluorescence detection 

Abstract 
We developed a specific and sensitive HPLC method with fluorescence detection for 

the determination of free acetylsalicylic acid, free salicylic acid, and free salicylic acid plus 
salicylic acid after alkaline hydrolysis (free-plus-bound) in foods. Acetylsalicylic acid was 
detected after post-column hydrolysis to salicylic acid. With the method for free 
acetylsalicylic acid and salicylic acid recovery was 95-98% for acetylsalicylic acid added 
to foods, and 92-102% for salicylic acid. Recovery of added salicylic acid was 79-94% for 
the free-plus-bound salicylic acid method. The limit of detection was 0.02 mg/kg for fresh 
and 0.2 mg/kg for dried foods for all substances. We did not find acetylsalicylic acid in any 
of 30 foods previously thought to be high in salicylates. The contents of free-plus-bound 
salicylic acid and of free salicylic acid ranged from 0 to 1 mg/kg in vegetables and fruits 
and from 3 to 28 mg/kg in herbs and spices. Thus the tested foods did not contain 
acetylsalicylic acid and only small amounts of salicylic acid. Our data suggest that the 
average daily intake of acetylsalicylic acid from foods is nil and that of salicylic acid is 0-5 
mg/day. 

Introduction 
Acetylsalicylic acid or 2-acetoxybenzoic acid (Fig 1) are the formal names of a drug 

commonly known as aspirin. Aspirin is effective as a prophylactic against coronary heart 
disease in doses as low as 30 mg/day (1-4). Acetylsalicylic acid may also prevent colon 
cancer (5) and pregnancy induced pre-eclampsia (6). If acetylsalicylic acid were present in 
foods, a diet rich in acetylsalicylic acid might have an anti-thrombotic effect. Not much is 
known about the presence of acetylsalicylic acid in foods. Swain (7) suggested that 
acetylsalicylic acid was present in 37 out of 56 foods studied. However, only qualitative 
data were given, obtained with thin layer chromatography. 

Feingold (8) suggested that the Kaiser-Permanente diet, which eliminates all artificial 
food colours and flavours, as well as foods containing natural salicylates, improves 
behavioral disturbance of children. Although this could not be substantiated in properly 
controlled trials, belief in the efficacy of dietary treatment with salicylate-free diets is firmly 
held (9). 

Hypersensitivity is one of the reported adverse reactions of medication containing 
salicylates, but improvement by a salicylate-free diet is highly unlikely (10). In spite of this, 
there is still much interest in salicylate contents of foods (11). 

The number of publications regarding the content of salicylates in foodstuffs is 
limited and contradictive (12-14). Previous food analyses were performed using HPLC with 
UV detection at 235-245 nm, which is prone to interferences. We therefore adapted an 
HPLC method with fluorescence detection (15) for food analysis and measured free 
acetylsalicylic acid, free salicylic acid and free-plus-bound salicylic acid, i.e. free salicylic 
acid plus salicylic acid after alkaline hydrolysis, in 30 common foods previously reported 
to contain salicylates. 
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ACETYLSALICYLIC ACID 
Figure 1: Structure of acetylsalicylic acid and salicylic acid. 

SALICYLIC ACID 

Materials and methods 
Foods and sample preparation 

We selected foods that were earlier reported to have a high content of salicylic acid 
and/or are known to be consumed in large amounts. 

We purchased 3 samples of 500 g of each type of fresh fruit or vegetable at different 
local supermarkets in the summer of 1994. Fresh foods were processed within 24 h, non-
edible parts were removed and the 3 samples were combined per product to a composite 
sample by mixing equal amounts. One packing of each of 3 different brands of processed 
foods was purchased, again in local supermarkets in the summer of 1994, and combined to 
a composite sample. 

Fresh and canned foods were chopped under liquid nitrogen immediately after 
cleaning. The frozen samples were ground using a food processor, and extracted 
immediately. None of the samples were freeze-dried because of the risk of sublimation of 
the salicylic acid. Dried foods were ground without pretreatment. 

We prepared tea from 1500 mL of boiling water and 3 tea bags of different brands 
each containing 4 g of tea. Tea bags were removed after 5 min, and the liquid was allowed 
to cool. We prepared coffee by pouring 1 L of boiling water on 50 g of a mixture of 3 
brands of ground coffee contained in a paper filter. The liquid was allowed to cool. 

Extraction and hydrolysis 
Samples were protected from direct daylight during the entire extraction procedure 

(Fig 2). We weighed out 10.00 g of the freshly ground fresh foods or 1.00 g of the dried 
foods and added 9 mL of water to the dried foods. 

Determination of free acetylsalicylic acid and salicylic acid 
Samples were homogenized with 20 mL of acetonitrile/water/acetic acid (25/75/5) 

for 30 s in a Waring Blender at high speed and sonicated for 5 min. 
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Free-plus-bound salicylic acid 
We essentially followed the method of Swain (7): food samples were mixed with 

10 mL of NaOH (250 g/L) for 1 h on a rotary-shaker (New Brunswick Sc), at 250 rpm. 
Extracts were left to stand overnight at room temperature, shaken for 1 h, acidified to pH 
1-2 with 10 M HCl, and transferred quantitatively with water into a liquid/liquid extractor 
(Fig 3). The extractor was placed onto a heated flask, and diethyl ether was added in the 
extractor until about 50 mL flowed over into the heated flask. We extracted the samples on 
2 successive days for 6 h each day. Diethyl ether was evaporated carefully until almost dry, 
and the last bit of ether was evaporated at room temperature, to avoid sublimation of 
salicylic acid. The residue was taken up in 25 mL of acetonitrile/water/acetic acid (25/75/5) 
and sonicated for 5 min. 

We filtered approximately 2 mL of each sample extract through a 0.45 îm filter for 
organic solvents (Acrodisc CR) prior to injection into the HPLC system. 

Free-plus-bound salicylic acid 

Food sample 
freeze in liquid nitrogen 
cut, pool and homogenize 

\ 
Free acetvlsalicvlic and salicylic acid 

10 g of sample 
add 10 mL 25% NaOH 

10 g of sample 
20 mL acetonitrile/water/acetic acid 

(25/75/5) 

shake 1 h 
let stand overnight 
shake 1 h 

acidify pH 1-2 
liquid/liquid extraction 
with diethylether for 12 h 
(Fig 3) 

evaporate 

take up residue in 
acetonitrile/water/acetic acid 
(25/75/5) 

homogenize for 30 sec 

5 min ultrasonic bath 

i 
filtration 0.45 urn 
inject into HPLC 

Figure 2: Methods for extraction of free-plus-bound salicylic acid and of free acetylsalicylic and salicylic 
acid. 
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Standards 
Acetylsalicylic acid (Sigma A-5376) and salicylic acid (Sigma S-0875), were 

dissolved in acetonitrile/acetic acid (99/1) to a concentration of 1 g/L. Acetylsalicylic acid 
standards were made daily and salicylic acid standards once a week. Further dilutions were 
made daily in acetonitrile/water/acetic acid (25/75/5) which is similar to the eluent, thus 
preventing injection problems. Calibration curves were constructed in the range of 2-20 
/ug/L for acetylsalicylic acid and 10-300 /xg/L for salicylic acid. We identified the peaks by 
comparing retention times of samples with those of standards. Occasionally, peaks were 
confirmed by addition of standards to the sample extracts. 

condensor 

diethylether 

WL diethylether 

sample 

boiling diethylether 

heater 

Figure 3: Liquid/liquid extraction apparatus for the continuous water/diethyl ether extraction of 
salicylic acid from hydrolysed food samples. Acidified liquid sample after alkaline hydrolysis is 
introduced into A. Diethyl ether is added in A until flask B contains 50 mL. Heating is started after 
connecting the extractor with the condenser. 

Chromatography 
The HPLC system consisted of a Perkin-Elmer ISS-100 automatic injector, a 

Gynkotek 480 pump, a Lichrospher RP-18 (Merck) column (4 x 250 mm, 5 urn) protected 
by a Perisorb RP-18 (3.9 x 40 mm, 30-40 urn) precolumn both placed in a column oven 
set at 30°C, a fluorescence detector (Merck Hitachi F-1050) with excitation wavelength at 
300 nm, and emission wavelength at 400 nm, and a post-column stainless steel reaction coil 
(0.5 x 5000 mm) immersed in a glycerol-filled bath set at 60°C. Acetylsalicylic acid and 
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salicylic acid were separated with an eluent consisting of methanol/water/phosphoric acid 
85% (40/60/0.2), at a flow rate of 0.9 mL/min. Acetylsalicylic acid was hydrolysed to 
salicylic acid in the post-column reactor by addition of 0.15 mL/min of 1 M NaOH to the 
eluent using a Gilson minipuls-3 pump. 

Results 
The salicylates in foods are partly bound as esters or glycosides (16). We used 

alkaline hydrolysis plus ether extraction to liberate matrix-bound salicylates and to convert 
salicylate esters and glycosides to their parent salicylic acid. Values thus obtained were 
named "free-plus-bound salicylic acid". Acetylsalicylic acid is unstable in alkali. We 
therefore used a gentle extraction to detect acetylsalicylic acid; this technique also detects 
the extractable or "free" salicylic acid. Contents were measured with an optimized HPLC 
method with fluorescence detection. 

Optimization of column and eluent 
We tested a Novapak RP-18, 150 x 3.9 mm, 4 um column (Waters Associates, 

Milford MA), a Lichrospher RP-18, 250 x 4 mm, 5 urn column (Merck), and a Inertsil 
ODS 2, 150 x 4.6 mm, 5 urn column (GL Sciences Inc.) with UV detection at 245 nm. 
Dissociation of salicylic acid (pKa=3.0) is an important variable in its chromatographic 
behaviour. We therefore tested acetic acid and phosphoric acid as eluent acidifiers, taking 
care that the pH of the eluent remained between 2.2 and 2.4. Methanol/water and 
acetonitrile/water both with acetic acid or phosphoric acid were used. 

The Inertsil column showed low plate numbers for both acetylsalicylic acid 
(N=3,200) and salicylic acid (N=5,700) with acetonitrile/water/phosphoric acid. Therefore 
it was not tested with any of the other eluents. Acetylsalicylic acid showed symmetric peaks 
on the Novapak and the Lichrospher column with all eluents, but salicylic acid showed 
variable degrees of peak tailing. The Lichrospher column was superior for both 
acetylsalicylic acid (N=l 1,200) and salicylic acid (N=l 1,500) with all mobile phases. 
Phosphoric acid was more compatible with the post-column reaction than acetic acid, 
because a lower amount of sodium hydroxide was required to neutralise it. We therefore 
chose methanol/water/phosphoric acid as a mobile phase and the Lichrospher as a column 
(Fig 4a). 

Post-column hydrolysis 
Acetylsalicylic acid can be made fluorescent by conversion to salicylic acid. Post-

column hydrolysis conditions were essentially as described by Siebert and Bochner (15), 
but the use of 0.2% instead of 0.1% of phosphoric acid in the eluent and 1 M instead of 0.5 
M NaOH resulted in somewhat better plate numbers. 

Acetylsalicylic acid hydrolysis was complete at 60 °C using a coil of 0.5mm x 5m 
and addition of 0.15 mL/min of 1 M NaOH. Salicylic acid proved to be stable under these 
conditions. Excitation was at 300 nm and emission at 400 nm. The fluorescence of salicylic 
acid was about 8 times higher at alkaline than at acid pH. Phenolic compounds that possibly 
interfere in UV detection, such as cinnamic and hydroxybenzoic acids, showed little 
fluorescence under these conditions. The sensitivity of the fluorescence detection of salicylic 
acid was about a factor 1000 higher than that by ultraviolet light absorption at 235-245 nm. 

16 



Salicylates in foods 

- N A -

Figure 4: Typical chromatograms of acetylsalicylic acid and salicylic acid in foods. 
Peaks: ASA, acetylsalicylic acid; SA, salicylic acid. Arrows indicate retention time of acetylsalicylic acid: 
a=standards, b=tea extract, c=wine, d=thyme. Detection: fluorescence after post-column hydrolysis of 
acetylsalicylic acid; excitation, 300 nm; emission, 400 nm; flow rate: eluent, 0.9 niL/min; sodium 
hydroxide 1 IM, 0.15 mL/min. 

Stability of acetylsalicylic acid and salicylic acid 
The stability of acetylsalicylic acid in various extraction solvents was tested by 

comparing UV spectra of the solutions. The UV absorbance maximum in eluent of salicylic 
acid is 303 nm and that of acetylsalicylic acid is 275 nm. Acetylsalicylic acid hydrolysed 
rapidly to salicylic acid when dissolved in methanol. The stability was better in the presence 
of acetic acid plus methanol or acetonitrile (Table 1). 

Salicylic acid was stable for more than 1 week in all solvents if kept in the dark, as 
judged by its unchanged UV-spectrum. We never observed any degradation of 
acetylsalicylic acid or salicylic acid in the HPLC elution pattern. 

Sample extraction and hydrolysis 
Free acetylsalicylic acid and salicylic acid 

Acetylsalicylic acid added as a solution in acetonitrile to samples showed a recovery 
ranging from 95-98% (Table 2) and for added free salicylic acid from 92-102% (Table 3). 
Recoveries did not change after extracts had been stored for 24 h. 
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Table 1: Stability of acetylsalicylic acid in various 

solvent 

methanol 

methanol 

methanol/1% acetic acid 

acetonitrile/1% acetic acid 

acetonitrile/water/acetic acid (25/75/5) 

acetonitrile/water/H3P04 (25/75/0.2) 

solvents. 

time 

4 h 

1 d 

5 d 

5 d 

5 d 

5d 

loss (%) 

7 

22 

2 

3 

2 

3 

a All determinations are based on single sample analysis; concentrations during storage 
were 1 mg/mL, and during measurement 20 pg/mL, except for acetylsalicylic acid in 
water where we used a saturated solution. 

Table 2: Recovery of acetylsalicylic acid when added to various foods. 

product 

grape 

tomato 

thyme 

acetylsalicylic 

amount in food 
(mg/kg) 

<0.02 

<0.02 

<0.02 

acid 

amount added 
(mg/kg) 

0.075 

0.077 

0.150 

recovery 

(%) 

98 

98 

95 

a Means of duplicate analyses, except for thyme which was analyzed in quadruplicate. 

Free-plus-bound salicylic acid 
We extended the ether extraction as used by Swain (14) to 12 h, because extraction 

was not complete after 5 h (Table 4). This was probably due to a less efficient construction 
of our extraction apparatus (Fig 3). After the first 12 h of extraction, a new flask with 50 
mL of ether was placed on the extraction apparatus and the ether was refluxed for an 
additional 3 h. This extension of the extraction period added little to the salicylic acid yield: 
the gain was 0% for wine and 5% for thyme. 

In the free-plus-bound method acetylsalicylic acid was completely hydrolysed to 
salicylic acid. Methylsalicylate, a flavourant, was also hydrolysed completely. 

The mean free-plus-bound salicylic acid content of a sample of freeze-dried endives 
analyzed on 6 different days was 0.132 mg/kg; the coefficient of variation between days 
was 8%. Recovery of salicylic acid added as a solution in acetonitrile to samples in the 
free-plus-bound method ranged from 79-94% (Table 2). 
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Determination in foods 

No acetylsalicylic acid was detected in any of the food samples (Table 5). Salicylic 

acid was frequently detected in vegetables and fruits though in concentrations of only 0-1 

mg/kg. Some herbs and spices like thyme, rosemary and c innamon contained amounts up 

to 28 mg/kg. The poor duplicates of the tomato sample (Table 4) may be due to the fact 

that the sample was not homogeneous; pits and peel were very difficult to grind. 

Figure 4 shows some typical chromatograms of the separation of salicylic acid and 

acetylsalicylic acid in various foods. 

Table 3: Recovery of salicylic acid when added to various foods.' 

product 

brewed tea 

grape 

tomato 

thyme 

amount of 
free-plus-

bound 
salicylic acid 

in food 
(mg/kg) 

0.500 

0.032 

0.225 

16.1 

amount of 
salicylic acid 

added (mg/kg) 

0.400 

0.075 

0.200 

10.0 

recovery (%) 

free 
salicylic 

acid 
method 

99 

102 

102 

92 

free-plus-
bound 

salicylic acid 
method 

90 

79 

94 

Means of duplicate analyses, except for thyme which was analyzed in quadruplicate; 
for methods see text. 

Table 4: Influence of extraction time on the amounts of salicylic acid extracted from different foods by 
the free and free-plus-bound methods. 

free-plus-bound salicylic acid 

(mg/kg) 

product free salicylic acid (mg/kg) 

grape <0.02 

tomato 0.05 

thyme no determination 

5 h 

0.020 

0.236 

12.05 

12 hD 

0.028 

0 .276 c 

15.85 

Means of duplicate determinations. 
' After 5 h new solvent in heated flask; cf Materials and Methods. 
Poor duplicate, sample possibly not homogeneous. 
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Chapter 3 

Discussion 
We found that foods previously reported to be important sources of salicylic acid 

and potential sources of acetylsalicylic acid (7,14), contained low amounts of salicylic acid 
and no acetylsalicylic acid. We used a sensitive and specific HPLC method with post-
column hydrolysis of acetylsalicylic acid and fluorescence detection optimized for the 
determination in foodstuffs. For the acetylsalicylic acid content in foods, we used a fast 
extraction into a solvent in which acetylsalicylic acid was stable. The solubility of 
acetylsalicylic acid in the solvent was sufficient, so that any free acetylsalicylic acid present 
in the food sample would be extracted. 

None of the 30 products tested by us contained measurable amounts of 
acetylsalicylic acid. Swain (7) tested 56 foods with a qualitative thin layer chromatographic 
method and found acetylsalicylic acid in 14 and both acetylsalicylic acid and salicylate in 
23. The identity of the acetylsalicylate spot on the thin layer plate was confirmed by co-
elution of a standard and by the slow hydrolysis to salicylic acid that occurred on the thin 
layer plate. Swain extracted acetylsalicylic acid by alkaline extraction for 2 h (17). In our 
hands all acetylsalicylic acid was hydrolysed completely to salicylic acid under those 
conditions. 

Swain et al (14) found salicylic acid contents ranging from 0 to 60 mg/kg in 
vegetables and fruits and from 0 to 2180 mg/kg in condiments. Other investigators found 
much lower contents: Robertson and Kermode (13) found salicylic acid in the range of 
0.01-0.82 mg/kg in vegetables and fruits, and Herrmann (16), using a less sensitive method, 
found only traces of salicylic acid in vegetables and fruits. Herrmann (16) also determined 
the presence of salicylates in herbs and spices and found contents of 0-81 mg/kg (Table 5) 
and questioned the high values found by Swain (7,14). Differences might arise by 
differences in origin, processing or storage. Therefore, we measured salicylates in composite 
samples of 3 different origins or brands. Swain did find a high natural variation amounting 
to 10-fold differences. However, all our results are much lower than the lowest value given 
by Swain. This excludes natural variation as a possible explanation for these discrepancies. 
Discrepancies in salicylate contents between extraction methods may arise through 
differences in the extent of liberation of matrix-bound salicylates. However, though we used 
essentially the same extraction method as Swain we found much lower contents. Possibly 
the HPLC separation and UV detection of Swain was not specific enough and some other 
component co-eluted at the same time as salicylic acid. 

Muller and Fugelsang (18) published salicylic acid contents in red wine of 11-21.5 
mg/L. Again we believe that these values are too high (19). In 4 wine samples from 
different countries we found 0.26-0.71 mg/kg. This agrees with data of Robertson (20) of 
0.04 mg/kg in grapes and 0.08 mg/kg in fermented juice. 

Little free salicylic acid is present in fresh products because salicylate is bound as 
ester or as glycoside (12). In most of the processed products salicylic acid apparently was 
liberated by food processing. 

The difference in the amounts of free salicylic acid and free-plus-bound salicylic 
acid for peppermint (Table 5) is probably due to methylsalicylate used as a flavourant. 

Some herbs and spices contain rather high amounts of salicylic acid, but their 
consumption is low. Using the food intake data of the Dutch Food Consumption Survey 
(21) and our data of free-plus-bound salicylic acid, we estimate the intake of salicylates in 
the Netherlands 0-5 mg/d. 
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Salicylates in foods 

Our data suggest that the acetylsalicylic acid and the salicylic acid content in a 
normal mixed daily diet may be too low to produce measurable physiological effects in 
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Chapter 3 

3.2 No aspirin in red wine 

Muller and Fugelsang (1) suggest that wine is a good source of salicylic acid and 
that this may explain a preventive effect in cardiovascular diseases. We measured salicylic 
and acetylsalicylic acid in red Bordeaux wines (Rineau 1993, Lavergne 1993, and 
Mondetour 1992) using HPLC and a highly specific fluorescence detection method. The 
method was validated by varying extraction conditions, mainly extraction solvents and 
extraction time. In red wine we found 0.7 mg salicylic acid per litre and no acetylsalicylic 
acid (detection limit 0.025 mg/L). Thus, by contrast with Muller and Fugelsang (1) we 
found negligible amounts of (acetyl)salicylic acid in wine. Even if wine did contain larger 
amounts of salicylic acid this would not be expected to affect cardiovascular risk. Salicylic 
acid and dihydroxybenzoic acids do not affect thromboxane formation and platelet 
aggregation; this specifically requires acetylsalicylate (aspirin), which inactivates cyclo-
oxygenäse by irreversible acetylation (2). 
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Chapter 4 

Urinary salicylate excretion 

in subjects eating a variety of diets shows 

that amounts of bio-available salicylates 

in foods are low 
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Urinary salicylate excretion in subjects eating a variety of diets 
shows that amounts of bio-available salicylates in foods are low. 
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Chapter 4 

Abstract 
Intake of acetylsalicylic acid reduces the risk of cardiovascular disease, and is 

associated with a decreased risk for colorectal cancer. Amounts of salicylates in foods are 
thus of interest, but data are scarce and controversial. We gave 58 umol (10.5 mg) pure 
acetylsalicylic acid or 66 umol (9.1 mg) salicylic acid to 6 volunteers and recovered 77-
80% in 24-h urine samples. Thus, urinary excretion is a valid indicator for intake of free 
forms of (acetyl)salicylic acid. In order to estimate the bio-available salicylate contents of 
diets, we subsequently studied salicylate excretion in 17 volunteers from 14 countries and 
4 continents who ate a wide variety of self-selected diets. Median 24-h urinary salicylate 
excretion was 10 umol (range 6-12). Values increased with the fibre content of the diet 
(r=0.73), suggesting that vegetable foods are the main sources of salicylates. However, 
amounts of salicylates in a variety of diets are evidently low and probably insufficient to 
affect disease risk. 

Introduction 
Acetylsalicylic acid, aspirin, has a variety of biological effects. It is effective in the 

prevention of cardiovascular disease in doses as low as 30 mg/d (1-3). Intake has also been 
associated with a decreased risk for colorectal cancer (4-5). Feingold (6) suggested that the 
intake of dietary salicylates causes hyperactivity in children, but this could not be 
substantiated in properly controlled trials (7-8). 

Plants contain natural salicylates, but data on the salicylate contents of foods are 
scarce and controversial (9-15; AR Swain, RH Lobley, AS Truswell, unpublished 
observations, 1985). Swain et al (13-14) suggested that a normal mixed diet provides 72-
1448 (imol/d (10-200 mg/d) of total salicylates, and significant but unknown amounts of 
acetylsalicylate. In contrast, we (15-16) found total salicylate contents of only 0-0.7 
umol/100 g (0-0.1 mg/100 g) in vegetables and fruits, and 2-20 umol/100 g (0.3-2.8 
mg/100 g) in herbs and spices. We could not confirm the presence of acetylsalicylate in any 
of the 30 Dutch products studied; the limit of detection was 0.1 umol/kg (0.02 mg/kg) for 
fresh, and 1.4 umol/kg (0.2 mg/kg) for dry products. Uncertainties about concentrations of 
salicylates in the diet may arise because of a limited selection of foods or differences in 
analytical techniques; for instance liberation of salicylates from a plant matrix is notoriously 
difficult. Acetylsalicylate is excreted in urine mainly as various salicylates (17-18). Swain 
et al (13; AR Swain, RH Lobley, AS Truswell, unpublished observations, 1985) showed 
that this is also the case with other salicylates in foods. 

We therefore assessed the validity of using excretion of salicylates in urine as a 
marker for salicylate intake. We then investigated the urinary excretion of salicylates in 
subjects with a wide range of dietary habits to estimate the bio-available salicylate contents 
of human diets. 

Subjects and methods 
Subjects 

Six Dutch women working at our university participated in a preliminary study to 
check the validity of urinary salicylates as a marker of intake. These control subjects were 
aged 27±4 y and ate a normal mixed Western diet. 
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Salicylates in urine 

We next recruited volunteers from the town and surroundings of Wageningen. We 
sought nonresidents from foreign countries and Dutch subjects eating nontraditional diets 
to maximize the chances of encountering a wide range of salicylate intakes. All applicants 
had to speak English or Dutch. Twenty-nine volunteers responded to posters in university 
buildings, apartments, shops, ethnic restaurants, and community centres for foreigners. We 
excluded one applicant because she was pregnant, five because their dietary habits deviated 
too much from their native habits, one because she used medication, and another five at 
random. Six men and 11 women aged 29+7 y (mean±sd) with a mean body mass index (in 
kg/m2) of 21+3 participated in the study. They habitually ate a wide variety of diets (Table 
1). Thirteen subjects came from abroad and most of them were temporarily living in the 
Netherlands; four were Dutch. 

All subjects were healthy on the basis of a medical questionnaire and negative 
checks for urinary protein and glucose. They did not smoke and had not used any regular 
or homoeopathic medication or dietary supplements for at least 1 mo before the study, 
except for 7 women who took oral contraceptives. We instructed subjects to use no dietary 
supplements or medication during the study; only the use of oral contraceptives was 
permitted. We supplied them with Naproxen (naproxenum; Pharmachemie BV, Haarlem, 
The Netherlands), which is a salicylate-free pain medication. 

The protocol was approved by the Medical Ethics Committee of the Wageningen 
Agricultural University Department of Human Nutrition. We explained the protocol fully 
to the subjects who gave their written informed consent. 

Methods 
The 6 control subjects of the validation study participated in a randomized cross-over 

study for 3 d separated by washout periods of 14 d. They swallowed an indistinguishable 
capsule containing pure salicylic acid or acetylsalicylic acid, or nothing as a placebo 
together with a/?ara-aminobenzoic acid capsule. On analysis, capsules contained 58±1 umol 
(10.510.2 mg; n=3) acetylsalicylic acid, 66±2 umol (9.110.2 mg; n=3) salicylic acid, or 
78.210.6 mgpara-aminobenzoic acid (n=3). The 17 subjects with unusual diets participated 
in the study for 1 d. 

We visited the 6 subjects participating in the validation study and the 17 subjects 
with the different diets at their homes and explained the protocol. We provided them with 
bottles to sample urine and herbs and spices that they used in cooking. We also gave them 
a box containing dry ice, a household scale, a diary, and 3 capsules containing para-
aminobenzoic acid which served to check the completeness of the 24-h urine samples (19). 

The day after this visit participants swallowed the first capsule of />ara-aminobenzoic 
acid just before breakfast, the second before lunch, and the third before dinner. They 
collected urine for 24 h from the time they swallowed the first capsule. The volunteers 
collected each urine sample in a separate bottle containing 0.225 g of thimerosal (T5125; 
Sigma, Axel, The Netherlands) as a preservative. They wrote the times of urine collections 
on each bottle, and put filled bottles on dry ice immediately. The 6 subjects of the 
validation study and the 17 subjects eating their specific diets maintained their usual eating 
and drinking habits during the study day. 

All subjects weighed and recorded in a diary all foods and drinks they consumed 
during the days of urine collection. They saved samples of all herbs and spices in amounts 
equal to those that they had used that day. They put dried herbs and spices in plastic bottles 
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