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Coffee and tea are widely consumed beverages, but only tea has been studied for its antioxidant
capacity (AC) in vivo. The aim of this study was to compare the capacities of coffee and tea to affect
plasma redox homeostasis in humans. The AC of plasma before and after supplementation with 200
mL of beverages (0, 1, and 2 h) was measured by the TRAP and crocin tests. The crocin test detected
an increase in plasma AC only in subjects supplemented with coffee (+7% at peak time), whereas
the TRAP method showed an increase in plasma AC after consumption of both coffee and tea (+6
and +4%, respectively, at peak time). Both beverages induced a significant increase in plasma uric
acid (+5 and +7%, respectively). Uric acid strongly affects the results obtained by the TRAP test
and does not affect those obtained by the crocin test. We can thus argue that uric acid is the main
component responsible for the plasma AC increase after tea drinking, whereas molecules other than
uric acid (probably phenolic compounds) are likely to be responsible for the increase in plasma AC
after coffee drinking.

KEYWORDS: Coffee; tea; polyphenols; antioxidant capacity; human

INTRODUCTION

Some dietary plant constituents, such as flavonoids and related
phenolics, are considered powerful antioxidants in vitro (1-3)
and are assumed to be at least partially responsible for the
inverse relationship between fruit and vegetable intake and risk
of degenerative diseases (chronic heart diseases and cancer) (4).
Polyphenols are endowed with biological activities, such as
modulation of enzymes, activation of transcription factors, and
general gene expression (5). However, their absorption, meta-
bolic fate, and availability for antioxidant protection in humans
have not yet been completely clarified.

To further complicate the picture, the definition “plant
phenolics” includes thousands of compounds with different
chemical structures corresponding to different antioxidant
activities. In addition, the chemical structure (number of phenolic
rings, aromatic substitution, glycosilation, conjugation with other
phenolics or organic acids) is considered a putative determinant
in their bioavailability. Moreover, the profile of phenolic
compounds in plasma can be quite different from that in the
original dietary source as a result of metabolization and
biotransformation.

A number of beverages derived from vegetables have been
tested for their in vitro and in vivo antioxidant activities (white
and red wine, green and black tea, beer) (6-13). A straight-

forward analysis of these studies leads to two main conclu-
sions: the capacity of a food to transfer its antioxidant activity
is linked to several known and unknown chemical/biochemical/
physiological characteristics (see the case of green and black
tea with and without milk), and the effect of food phenolics on
the redox balance in vivo cannot be simply extrapolated from
their activities in vitro.

In the past 2 years, a number of studies have focused on the
capacity of tea to elicit in vivo antioxidant protection in humans,
giving results both contrasting and largely different in extent
(14-18). However, a recent paper clearly demonstrated that the
consumption of a single dose of black or green tea induces a
significant rise in plasma antioxidant activity in vivo (16).

Although coffee is as rich as tea in phenolic antioxidants and
is consumed equally in the world, its antioxidant activity in vivo
has been never studied.

Coffee contains several phenolic components, other than
tocopherols, that are endowed with an antioxidant capacity (AC),
and the total polyphenols content ranges from 200 to 550 mg
per cup (19). Among the phenolic compounds identified in
coffeee are chlorogenic acids, a family of esters formed between
quinic acid and several cinnamic acids such as caffeic, ferulic,
andp-coumaric, with caffeoylquinic acid being by far the most
abundant (20). On the basis of 10 g of coffee per cup of brew,
a 1-cup content of chlorogenic acid can range from 15 to 325
mg. A value of 200 mg/cup has been reported for American
coffee (21). Black tea contains catechins, thearubigins, and
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theaflavins, which are oxidation products of catechins formed
during enzymatic oxidation by polyphenol oxidase in fresh tea
leaves.

The aim of this study was to assess the capacity of coffee
(brewed as a beverage by drip filter method) to affect the plasma
redox homeostasis in humans in fasting conditions, using tea
as control. The total antioxidant capacity and the concentrations
of the main antioxidants were measured in plasma before and
after supplementation with a standard cup of coffee or black
tea. Metabolic parameters in plasma were also measured to
control the eventual effect of acute coffee and tea consumption
on lipid metabolism.

METHODS

Coffee brew was prepared by using a commercial automatic
brewing machine (60 g of roasted and ground coffee per liter
of water). The coffee brand was Lavazza Qualita` Rossa. Tea
(20 g/L) was prepared by a 5-min infusion in water at 100°C.
The tea brand was Twining Earl Gray.

1. Coffee and Tea Analyses.The total antioxidant capacities
of the two beverages were measured using two different systems,
the loss of fluorescence ofr-phycoerithryn (TRAP test) (22)
and the bleaching of a carotenoid, the crocin (crocin test) (23),
triggered by the peroxyl radicals generated by thermal decom-
position of 2,2′-azobis(2-amidinopropane) hydrochloride (AAPH).
TRAP (total radical trapping antioxidant parameter) is expressed
as the amount of peroxyl radicals trapped by 1 L of plasma.
The antioxidant capacity measured by the crocin test is expressed
in terms of millimoles of Trolox equivalents.

Total phenols were measured by the Folin-Ciocalteu method
(24) after deproteinization of the samples with ammonium
sulfate.

Caffeine, theobromine, and theophylline were detected by
HPLC as previously described (25).

2. Study Design.Ten healthy nonsmoking moderate coffee
drinkers (2-4 cups per day) were recruited from among the
staff of the National Research Institute for Food and Nutrition
(INRAN). A standard amount (200 mL) of brewed coffee was
administered under fasting conditions. In a different session (2
weeks apart), black tea was administered as a control. Beverages
were ingested within 10 min after brewing. Subjects were asked
to avoid antioxidant supplements and to have a diet low in
“coffee, wine, chocolate, tea, fruit, and vegetable” in the 2 days
preceding the experiments.

3. Plasma Analysis.Blood was collected in EDTA (1 mg/
mL) before and at 1 and 2 h intervals after coffee/tea
administration. The plasma total antioxidant capacity and
ascorbic acid content were analyzed immediately after blood
centrifugation. Plasma samples for metabolic and antioxidant
analyses (total cholesterol, triacylglycerols, SH groups, and uric
acid) were stored at-80 °C until the analysis was performed.

Plasma total cholesterol and triacylglycerol levels were
measured by commercial kits (Sigma Chemical Co., St. Louis,
MO). HDL cholesterol was measured after selective precipitation
with dextran sulfate (26). The LDL cholesterol concentration
was calculated using the Friedewald formula (27). Plasma total
homocysteine was measured by HPLC after derivatization with
o-phthaldialdehyde (28).

SH groups were measured according to the method of
Ellmann (29). Ascorbic and uric acids were measured by EC-
HPLC, according to the method of Kutnink (30); dehydroascor-
bic acid was indirectly estimated by conversion to ascorbic acid
after reduction withDL-homocysteine (31).

The plasma total antioxidant capacity was measured using
the same methods employed for the analysis of beverages. TRAP
is expressed as the amount of peroxyl radicals trapped by 1 L
of plasma. The antioxidant capacity measured by the crocin test
is expressed as the ratio between the rates of bleaching of crocin
in the absence (V0) and in the presence (V) of plasma. The higher
the ratioV0/V, the higher the antioxidant capacity of the sample.

RESULTS AND DISCUSSION

1. Antioxidant Capacities of Coffee and Tea.The measure-
ments of the antioxidant capacities of the two beverages, using
both the TRAP and crocin test methods (Table 1), clearly
indicate that coffee is more powerful in scavenging peroxyl
radicals than tea, at least in a hydrophilic environment. In fact,
coffee is endowed with an antioxidant capacity 5-8 times higher
than that of tea, depending on the method utilized. These results
are in agreement with a previous in vitro study indicating that
coffee protects LDL against oxidation 3-14 times better than
tea, depending on the method of beverage preparation (6).

Total phenols, expressed as gallic acid equivalents, are still
higher in coffee than in tea, but the difference is not as dramatic
(+40%) as for the antioxidant capacity. Thus, the antioxidant
capacity of the beverages cannot be explained by the mere
measurement of total phenols. Coffee and tea contain quite
different patterns of phenolic compounds. Coffee is rich in
simple phenolic acids, whereas tea contains large amount of
catechins. As the chemical structures of the individual phenolic
antioxidants strongly affect their antioxidant activities (3, 32),
the higher AC of coffee with respect to tea could be linked to
the higher ACs of the specific phenolic compounds.

In addition, phenolic compounds could have synergist or
antagonist effect when present in complex mixtures. Thus, as
the antioxidant capacity represents the total effect of the single
or combined activities of antioxidants, the different polyphenolic
compositions of the two beverages are likely to magnify the
observed difference in antioxidant capacities.

To further characterize the two beverages, we measured the
concentrations of 1,3,7-trimethylxanthine (caffeine), 3,7-di-
methylxanthine (theobromine), and 1,3-dimethylxanthine (theo-
phylline). The amount of caffeine in a cup of coffee (200 mL),
as administered in the in vivo study, corresponded to 181 mg,
whereas 200 mL of tea contained 130 mg of caffeine. The
figures for theobromine were 28.9 and 5.9 mg/200 mL,
respectively, for coffee and tea. In both samples, theophylline
was below the detection limit of our method.

Caffeine has been reported to scavenge hydroxyl radicals in
an ESR study (33). In addition, caffeine inhibits lipid peroxi-
dation of rat liver microsomes when present at millimolar
concentrations, but the extent of inhibition against peroxidation
induced by peroxyl radicals is quite low (34). A recent paper
(35) clearly demonstrated that, at physiological concentrations,
caffeine and its dimethylxanthine metabolite do not have any

Table 1. Antioxidant Capacity and Concentrations of Total Phenols,
Caffeine, and Theobromine in Coffee and Tea Beverages

coffee tea

crocin test, mM TX equiv/cup 7.4 ± 0.3 1.4 ± 0.1c

TRAP, mM ROO• equiv/cup 10.1 ± 0.6 1.3 ± 0.1c

total phenols,a mg of GAEb/cup 161 ± 9 87 ± 9d

caffeine, mg/cup 181 ± 10 130 ± 7d

theobromine, mg/cup 28.9 ± 1.1 5.9 ± 0.4c

a Total phenols after deproteinization of the sample. b Gallic acid equivalents.
c p < 0.001 from coffee by ANOVA. d p < 0.005 from coffee by ANOVA.

6212 J. Agric. Food Chem., Vol. 50, No. 21, 2002 Natella et al.



antioxidant activity against peroxyl radicals. Finally, using our
methods (TRAP and crocin tests), caffeine, theobromine, and
theophylline did not show any antioxidant activity at concentra-
tions up to 1000 times their concentrations in the two beverages
(data not shown).

Thus, we can postulate that the higher antioxidant activity
of coffee with respect to tea is not related to its major content
of xanthines, but is probably linked to its different pattern of
antioxidant compounds.

Finally, R-tocopherol was present in negligible amounts in
coffee and was absent in tea (data not shown). Thus, we can
exclude the participation ofR-tocopherol in the beverages’ ACs.

2. Effects of a Single Dose of Coffee or Tea on Lipid
Metabolism. Recently, the relation between coffee consumption
and plasma levels of cholesterol and homocysteine has been
investigated (36-38). The component of coffee and the method
of coffee brewing responsible for such variations are still
unidentified, but associations between coffee polyphenols and
plasma homocysteine (36) and coffee terpenoids and plasma
cholesterol (38) have been proposed.

In our study, the acute supplementation of small doses of
coffee or tea (200 mL) did not produce any modification in the
plasma levels of the above-mentioned metabolic parameters
(Table 2). Significant modifications in cholesterol and ho-
mocysteine plasma concentrations were found in other studies,
where very strong doses of coffee or coffee components
(chlorogenic acid) (36, 37) were chronically administered for 2
or more weeks.

3. Effects of a Single Dose of Coffee or Tea on the Total
Plasma Antioxidant Capacity in Humans. Table 3reports
the effect of tea or coffee drinking on some plasma antioxidants.
Ascorbic acid (expressed as percentage of the reduced form)
decreased significantly from 99( 1 to 95( 1% (p < 0.05) 2
h after tea drinking, whereas it remained unchanged after coffee
consumption. A statistically significant increase in uric acid was
detectable after both coffee (p < 0.005 from baseline at time 1
and 2 h) and tea (p < 0.01 from baseline at time 1 h) drinking.
A plasma uric acid increase after administration of phenol-rich
foods/beverages has already been demonstrated (10, 12, 39, 40)
and could be ascribed to the “interference” of phenols with the
secretion and reabsorption of uric acid (41). In contrast, Leenen
et al. (16) reported no increase in uric acid concentration after

supplementation with black and green tea in humans. At the
moment, we are not able to interpret this divergence.

Finally, no significant increase in plasma SH groups was
observed after either treatment.

At 1 h, the ingestion of 200 mL of coffee in bolus produced
a statistically significant increase (5.5%,p < 0.05) in the plasma
antioxidant capacity, measured by the TRAP method (Table
3), maintaining a 4% increase after 2 h. The 4.7% increase in
TRAP 1 h after tea administration did not reach statistical
significance.

In the case of coffee, the crocin test gave a similar trend in
the modulation of antioxidant activity, even if the differences
were not statistically significant. In the case of tea, the AC
measured by the crocin test decreased significantly (p < 0.005)
after 2 h, paralleling the decline in the reduced form of ascorbic
acid.

The apparent lack of statistical significance in the increases
in AC by the TRAP test for tea and by the crocin test for coffee
disappears when differences between individuals are taken into
account. In fact, analyzing individual data, we found that
subjects did not reach the maximum value at the same time.
For the most part, the peak time was 1 h. However, in the case
of the measurement of AC by the crocin test, four subjects
reached the maximum value 2 h after coffee drinking, and in
the case of the measurement of AC by the TRAP test, three
subjects reached the peak 2 h after tea drinking. This event can
be linked to differences in the efficiency of absorption and/or
metabolism of antioxidant compounds. Comparing the individual
AC at time 0 with the AC at the peak time (1 or 2 h depending
on the subjects) (Figure 1), we observed a significant increase
in plasma AC using both methods after coffee drinking. The
increase in plasma AC after tea drinking reached statistical
significance only when measured by the TRAP method.

The two methods employed to measure AC differ in their
capacity to be affected by uric acid. In fact, the plasma uric
acid contribution to TRAP is about 60% (22), whereas its
contribution to the crocin test is equal to zero (data not shown).
Because coffee and tea drinking induced a significant increase
in plasma uric acid (Table 3), we can speculate that the increase
in plasma AC measured by the TRAP method was largely
affected by the increase in plasma uric acid concentration.
Indeed, Cao (42) reported that the main component responsible

Table 2. Plasma Concentration of Metabolic Parametersa,b

coffee tea

baseline 1 h 2 h baseline 1 h 2 h

total cholesterol, mmol/L 3.94 ± 0.23 4.04 ± 0.26 4.01 ± 0.26 3.83 ± 0.26 3.78 ± 0.28 3.81 ± 0.28
HDL cholesterol, mmol/L 1.24 ± 0.08 1.30 ± 0.08 1.27 ± 0.08 1.30 ± 0.08 1.30 ± 0.08 1.30 ± 0.08
LDL cholesterol, mmol/L 2.28 ± 0.23 2.38 ± 0.26 2.38 ± 0.23 2.20 ± 0.23 2.18 ± 0.23 2.18 ± 0.23
triacylglycerol, mmol/L 0.88 ± 0.06 0.81 ± 0.08 0.78 ± 0.05 0.75 ± 0.09 0.73 ± 0.09 0.75 ± 0.09
homocysteine, µmol/L 9.8 ± 2.2 − 9.7 ± 2.2 9.6 ± 2.5 − 10.0 ± 3.0

a Mean ± standard error of nine subjects. b No statistically significant differences by ANOVA.

Table 3. Plasma Concentration of Some Parameters of Antioxidant Statusa

coffee tea

baseline 1 h 2 h baseline 1 h 2 h

SH groups, µM 398 ± 16 412 ± 14 409 ± 17 432 ± 15 437 ± 14 413 ± 12
uric acid, µM 369 ± 18 387 ± 24b 381 ± 24b 363 ± 24 387 ± 24c 375 ± 24
ascorbic acidd 98 ± 1 98 ± 1 97 ± 1 99 ± 1 97 ± 1c 95 ± 1c

crocin test, V0/V 1.41 ± 0.02 1.47 ± 0.03 1.42 ± 0.03 1.44 ± 0.02 1.43 ± 0.03 1.40 ± 0.02b

TRAP, mM ROO• equiv 1.45 ± 0.07 1.53 ± 0.07c 1.51 ± 0.06 1.49 ± 0.05 1.56 ± 0.05 1.52 ± 0.05

a Mean ± standard error of ten subjects. b p < 0.005 from baseline by paired t-test. c p < 0.05 from baseline by paired t-test. d Reduced form as percentage of total.
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for the increase in plasma AC after meal consumption is the
increase in serum uric acid concentration. After coffee drinking,
we observed a significant increase in AC also using the crocin
test. Uric acid does not affect the crocin test (data not shown),
so we can argue that molecules other than uric acid are
responsible for the observed increase in AC after coffee
consumption. AsR-tocopherol did not increase after coffee
drinking (data not shown) and xanthines do not affect crocin
test, we can hypothesize that the components responsible for
this increase are phenolic acids.

Caffeic acid is the most abundant phenolic compound in
coffee brew, and it is endowed with strong antioxidant activity
in vitro and in vivo (43-47). As caffeic acid is present in human
plasma at micromolar concentrations after coffee drinking (48),
we can assume that it is, at least in part, directly responsible
for the increase in plasma antioxidant capacity observed in this
study.

Therefore, the contribution of phenolic compounds from tea
to the AC is essentially indirect; in fact, it influences the plasma
uric acid level, even if a slight direct contribution cannot be
ruled out. On the contrary, phenolic compounds from coffee
could act both directly (per se) and indirectly (through the
plasma uric acid level).

These results are probably linked to the different patterns of
phenolic compounds present in the two beverages. Distinct
phenolic compounds differ in their antioxidant activity, bio-
availability, and metabolism and in the antioxidant activity of
the resulting metabolites. Phenolic compounds in coffee have
a higher antioxidant activity than those in tea (seeTable 1)

and are clearly absorbed (48). It is well-known that tea
polyphenols are efficiently absorbed (16, 49-52), but the data
about their capacity to efficiently contribute to the plasma AC
are contradictory (15, 17, 53, 54). On this issue, our results seem
to indicate that tea polyphenols do not contribute significantly
to plasma AC. It is however worthwhile mentioning that tea
polyphenols have a slower rate of absorption, which did not
allow our study to measure their effect. In fact, after coffee
supplementation, caffeic acid reaches its maximum concentration
in plasma about 1 h after coffee drinking (48), whereas the peak
concentration of total catechins occurs about 2-3 h after tea
ingestion (49).

CONCLUSIONS

The increase in AC after tea administration in humans seems
to be essentially linked to uric acid increase (probably due to
tea polyphenols), whereas the increase in AC after coffee
administration could be linked to both the effect on plasma uric
acid and the direct absorption of coffee polyphenols.

Moreover, our results confirm that the mere measure of
“antioxidant capacities” in vitro can lead to confounding results
in in vivo studies. In fact the antioxidant capacity of a food
measured in vitro is not necessarily consistent with its effect in
vivo. Many factors such us polyphenols composition, bioavail-
ability, tissue distribution, metabolism, and effect on endogenous
antioxidant compounds have to be taken into account.

Finally, the interpretation of data on dietary-induced changes
in plasma antioxidant capacity can be made easier by using
different methodological approaches.

ABBREVIATIONS USED

AAPH, 2,2′-azobis(2-amidinopropane) hydrochloride; AC,
antioxidant capacity; TRAP, total radical trapping antioxidant
parameter.
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