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Tea is a major source of flavonols, a subclass of anti-
oxidant flavonoids present in plant foods which
potentially are beneficial to human health. Milk added
to tea, a frequent habit in the United Kingdom, could
inhibit absorption of tea flavonoids, because proteins
can bind flavonoids effectively. Eighteen healthy vol-
unteers each consumed two out of four supplements
during three days: black tea, black tea with milk,
green tea and water. A cup of the supplement was
consumed every 2 hours each day for a total of 8 cups
a day. The supplements provided about 100 pmol
quercetin glycosides and about 60 — 70 pmol kaemp-
ferol glycosides. Addition of milk to black tea (15 ml
milk to 135 ml tea) did not change the area under the
curve of the plasma concentration-time curve of quer-
cetin or kaempferol. Plasma concentrations reached
were about 50 nM quercetin and 30 — 45 nM kaemp-
ferol. We conclude that flavonols are absorbed from
tea and that their bioavailability is not affected by
addition of milk.
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INTRODUCTION

Flavonoids are antioxidants present in vegeta-
bles, fruits, tea and wine. Consumption of flavo-
noids might prevent lipid peroxidation and the
formation of atherosclerotic plaques.l!} Indeed,
the intake of flavonols, a subclass of flavonoids,
was inversely assodiated with cardiovascular
disease in several though not all studies in
man;? a recent study from Wales in the United
Kingdom was a notable exception.m One expla-
nation for the discrepancy with earlier studies
could be poor absorption of flavonols from tea
with milk, which is the major source of flavonols
in the United Kingdom.

The plasma concentration of quercetin, a
major species of flavonols, increases after con-
sumption of quercetin-rich foods.'4 However,
absorption of quercetin from tea with milk, the
major source of flavonols in the United Kingdom
and several other countries, has not been studied
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FIGURE 1 Quercetin concentration (mean + SD} in plasma of 9 subjects after consumption of black tea (A), black tea with milk
(V). green tea (@ } or water (O). 4 indicates the consumption of one cup of tea, or water, Subjects switched from their habitual

diet to a [ow-quercetin background diet 1 day before t =0

in depth. Proteins can bind flavonoids effec-
tively; therefore milk could inhibit absorption of
tea flavonoids. Reduced absorption of tea
polyphenols was invoked to explain why con-
sumption of black tea raised the plasma antioxi-
dant capacity in volunteers while tea with milk
did not.®! Here we report the effect of milk on
the absorption of tea flavonols in humans.

SUBJECTS AND METHODS

Eighteen healthy volunteers each received two
out of four possible treatments. These treatments
were: black tea, black tea with milk, green tea,

and water. Allocation to treatments and treat-
ment sequence was random. But it was stratified
so that each treatment was tested in 9 volunteers.
The two treatments of each subject were sepa-
rated by 10 days in which they consumed ad-lib
diets. One day before and during each 3-days
treatment period, subjects abstained from flavo-
nol-rich products; flavonol-low main meals were
supplied. During each 3-days treatment period
subjects consumed 1 cup containing 150 ml of
tea or water every two hours between 8:00 and
22:00 every day for a total of 8 cups per day. For
each cup of tea 0.5g of tea extract (research
blend, Thomas | Lipton Company, Englewood
Cliffs, NJ) was dissolved in 150 ml of hot water.



FLAVONOL ABSORPTION FROM TEA WITH MILK 299

70
60
S 50 E
E ] T —_ Biack
- . Wilw, ol
2 wi / "
E 07 / - i Black
o 17 _L ¥ Milk
S 204 WL hd
3 / Gresn
10 / —~ o
- O " ~ ~ Water
0 A e e s e g —

0 10 20 30

LI L

40 50 60 70 80

Time after first cup (hours)

FIGURE 2 Kaempferol concentration (mean + SD) in plasma of 9 subjects after consumption of black tea (A), black tea with milk
(V). green tea (@ ) or water (O). 4 indicates the consumption of one cup of tea, or water. Subjects switched from their habitual

diet to a low-quercetin background diet 1 day before t=0

For a cup of black tea with milk 0.5 g of the tea
extract was dissolved in 135 ml of hot water and
15 ml semi-skimmed milk was added. Eight
cups of black tea (4 g tea solids) provided 108
umol of quercetin glycosides (equivalent to
32.5 mg as free quercetin) and 72 umol of kaemp-
ferol glycosides. The green tea (4 g tea solids)
provided 104 pumol of quercetin glycosides and
58 umol of kaempferol glycosides per day.

Blood samples were taken into vacuum tubes
containing EDTA, and plasma was prepared as
described.1l Flavonol conjugates were hydro-
lyzed to the aglycone form with HCl/methanol
and the aglycones were determined with HPLC
and fluorescence detection after postcolumn
derivatization with aluminum,[4}¢]

RESULTS AND DISCUSSION

Addition of milk to black tea did not change the
area under the curve of the plasma concentra-
tion-time curve of quercetin (P > 0.5; Figure 1) or
kaempferol (P > 0.5; Figure 2). Plasma concentra-
tion-time curves after black tea were similar to
those after green tea for quercetin (Figure 1) as
well as for kaempferol (Figure 2). Thus, bicavail-
ability of flavonols was independent of the addi-
tion of milk and of the type of tea. Quercetin, but
not kaempferol, tended to accumulate in plasma:
the maximum value of the plasma quercetin con-
centration at the end of the third day was clearly
higher than that after the first day (P < 0.05). This
agrees with the previously observed half-life of
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24 h for quercetin in plasma.!¥) When subjects
received water, plasma quercetin declined grad-
ually as a result of the low-quercetin background

diet and this rather long half-life (Figure 1), In -

contrast, kaempferol did not accumulate and
plasma kaempferol already started at a very low
level when subjects received water (Figure 2).
These data suggest that the elimination half-life
of kaempferol is much smaller than that of quer-
cetin.

In a similar study, Van het Hofl”l also found
that the absorption of tea catechins was not
impaired by addition of milk, Thus, poor absorp-
tion of flavonols or catechins from tea with milk
cannot explain the discrepant results of the
study from Wales,ts] nor the failure to increase
plasma antioxidant capacity.l”]

We found that flavonols are absorbed from
tea, and that their bioavailability is not affected
by addition of milk. If flavonoids from tea have
beneficial effects such effects will not be obvi-
ated by addition of milk to tea.
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