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Abstract

Background. In much epidemiological research, a positive impact of flavonoid intake on human health has been
observed. The role of flavonoids in heart diseases and cancer prevention was described.

Objectives. The aim of the study was to assess dietary flavonoid intake among 50-year-old inhabitants of Wroclaw
in 2008.

Material and Methods. The study group included 1520 inhabitants of Wroclaw (879 women, 641 men) who par-
ticipated in the Cardiovascular Disease Prevention Program in 2008, which was organized by the Health Division
of the Municipal Office in Wroclaw. The mean age of the women was 49.9 + 0.3 year old and of the men 50.0 + 0.2.
To assess dietary flavonoid intake, the consumption of fruits, vegetables, tea, wine and chocolate was evaluated. To
assess daily food intake, a food frequency questionnaire (FFQ) was used. The dietary flavonoid intake was evalu-
ated using the database from 2007 “U.S. Department of Agriculture Database for the Flavonoid Content of Selected
Foods, Release 2.1”.

Results. The flavonoid intake from fruits and vegetables in women amounted respectively to 13.64 mg/day and
8.59 mg/day. The flavonoid intake from these products in men was respectively 9.56 mg/day and 6.54 mg/day.
Fruits and vegetables provided respectively 2.2%, 1.4% of daily flavonoid intake in women and respectively 1.6%,
1.1% in men. The flavonoid intake provided by fruit juices amounted to 4.57 mg/day in women and 4.97 mg/
day in men. Chocolate, in both women and men, was a source of 0.80 mg/day of total flavonoids. Fruit juices and
chocolate provided respectively 0.7% and 0.1% of daily flavonoid intake in women and respectively 0.8% and 0.1%
in men. Tea provided, in both women and men, 595 mg/day of total flavonoids (respectively 95.6% and 96.5%
of daily total flavonoid intake). Total daily flavonoid intake in the investigated group amounted to 622.60 mg in
women and 616.87 mg in men.

Conclusions. This study assessed a higher dietary flavonoid intake in the investigated group in comparison with
other studies results. The major source of these compounds, especially flavan-3-ols, was tea consumption. The
authors concluded that increased fruit and vegetable consumption in the investigated group would increase antho-
cyanidin, flavanone and flavonol intake (Adv Clin Exp Med 2012, 21, 3, 353-362).
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Streszczenie

Wprowadzenie. W wielu badaniach epidemiologicznych wykazano pozytywny wplyw pobierania flawonoidéw
z dietg na zapobieganie chorobom serca i nowotworom.

Cel pracy. Ocena zawartosci flawonoidéw w diecie 50-letnich mieszkancéw Wroctawia w 2008 roku.

Material i metody. Grupe badang stanowito 1520 mieszkancéw Wroclawia (879 kobiet i 641 mezczyzn), ktd-
rzy uczestniczyli w Programie Prewencji Chorob Naczyniowo-Sercowych w 2008 roku, zorganizowanym przez
Wydzial Zdrowia Urzedu Miejskiego Wroctawia. Sredni wiek badanych kobiet wynosit 49,9 + 0,3 lat, a mezczyzn
50,0 + 0,2 lat. W celu oszacowania zawartosci flawonoidéw w diecie oceniono spozycie: owocow, warzyw, herbaty,
wina i czekolady. Do oceny spozycia Zywnosci zastosowano metode wywiadu zywieniowego czestotliwosciowo-ilo-
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$ciowego (FFQ). Oszacowanie zawartosci flawonoidéw w diecie przeprowadzono z wykorzystaniem bazy danych
z 2007 roku “U.S. Department of Agriculture Database for the Flavonoid Content of Selected Foods, Release 2.1”.
Wyniki. Zawartos$¢ flawonoidéw w owocach i warzywach spozywanych przez kobiety wynosita odpowiednio 13,64
i 8,59 mg/dzien, a przez mezczyzn odpowiednio 9,56 i 6,54 mg/dzien. Owoce i warzywa dostarczaly odpowiednio
2,211 1,4% dziennego pobrania flawonoidéw u kobiet oraz 1,6 i 1,1% u mezczyzn. Zawarto$¢ flawonoidéw w spozy-
wanych przez kobiety sokach owocowych wynosila 4,57 mg/dzien, a przez mezczyzn 4,97 mg/dzien, a z czekolada
0,80 mg/dzien w grupie kobiet i mezczyzn. Soki owocowe i czekolada dostarczaly odpowiednio 0,7 i 0,1% dzien-
nego pobrania flawonoidéw u kobiet oraz 0,8 i 0,1% u mezczyzn. Zaréwno u kobiet, jak i u mezczyzn, zawartos¢
flawonoidéw w spozywanej herbacie wynosita 595 mg/dzien, co stanowilo odpowiednio 95,6 i 96,5% dzienne-
go pobrania flawonoidéw. Caltkowita zawartos¢ flawonoidéw w calodziennej diecie kobiet wynosita 622,60 mg,
a u mezczyzn 616,87 mg.

Whioski. Stwierdzono wigkszg zawartos¢ flawonoidéw w diecie w badanej grupie oséb w poréwnaniu z inny-
mi krajami §wiata. Gléwnym zrédlem badanych zwiazkéw, szczegélnie flawan-3-oli, byta herbata. Zwiekszenie
spozycia owocow i warzyw w badanej grupie przyczyniloby sie do zwigkszenia zawartosci w diecie antocyjanéw,

flawanonoéw i flawonoli (Adv Clin Exp Med 2012, 21, 3, 353-362).

Stowa kluczowe: flawonoidy, spozycie, owoce, warzywa, dieta.

Flavonoids, compounds derived from chro-
mon, are the biological active compounds that can
be found in plants. Due to their chemical structure
they were divided into several subclasses, e.g. fla-
vonols, flavones, flavanones, flavan-3-ols and an-
thocyanidins. Depending on the subclass of these
compounds, flavonoids have a different antioxidant
effect, which increases with a number of hydroxyl
group in a molecule. Epidemiological researches
showed a protective effect of these compounds on
the human health [1]. Subclasses mentioned above
are the most common in foods, but there are also
other structures, such as chalcones, which occur in
different varieties of apples [2].

It was found that flavonoids had a cardiopro-
tective effect. Based on the Rotterdam Study, the
inverse correlation between dietary flavonoid in-
take and fatal myocardial infarction has been ob-
served [3]. Other authors have argued that the
anthocyanidin and flavonol intake was associat-
ed with the lower risk of acute myocardial infarc-
tion [4]. Mink et al. [5] found that death incidents
caused by coronary heart disease or cardiovascular
disease can be reduced by flavanones and anthocy-
anidins. The cardioprotective role was also found
for flavan-3-ol intake [6]. The protective role
against heart diseases was described for tea (3, 7,
8] and cocoa-rich chocolate consumption [9, 10].

There have also been findings to suggest that
flavonoid intake played an important role in can-
cer prevention. It was found that there was an
inverse correlation between flavone intake and
breast cancer incidents among the women group
in Greece [11]. Another piece of research showed
that higher total flavonoid intake was associated
with reduced risk of gastric cancer in the Spanish
population. The similar effect was found for intake
of kaempferol and quercetin, which belong to fla-
vonols [12]. A decreased risk of colorectal cancer
was also related to high intake of quercetin (be-
longing to flavonols), catechin, epicatechin (be-

longing to flavan-3-ols) and procyanidins (flavan-
3-ols oligomerics) in the Scottish population [13].

The aim of the study was to assess dietary fla-
vonoid intake among 50-year-old inhabitants of
Wroclaw in 2008.

Material and Methods

The study group included 1520 inhabitants of
Wroclaw (879 women, 641 men) who participat-
ed in the Cardiovascular Disease Prevention Pro-
gram in 2008, which was organized by the Health
Division of the Municipal Office in Wroclaw.
1425 persons were 50 years old and 95 persons
were 49 years old. The demographics of the inves-
tigated group are presented in Table 1.

To assess dietary flavonoid intake, the con-
sumption of food products constituting the source
of flavonoids had to be evaluated. Assessment of
dietary flavonoid intake was based on fruit, vegeta-
ble, tea, wine and chocolate consumption. To eval-
uate daily intake of fruits and vegetables, a food
frequency questionnaire (FFQ) was used. The FFQ
included questions about 14 fruit products: apples,
bananas, pears, plums, oranges, tangerines, grape-
fruits, kiwis, peaches, lemons, strawberries, grapes,
frozen fruits and fruit juices and 20 vegetable prod-
ucts: carrots, cauliflower, onions, garlic, peppers,
tomatoes, raw cabbage, sauerkraut, cooked cab-
bage, beets, cucumber, corn, green beans, lettuce,
radishes, mixed cooked vegetables, vegetable sal-
ad, vegetable soups, vegetable and vegetable-fruit
juices. In further calculations lemon and vegeta-
ble soup consumption was excluded. The lemon
intake was excluded, because lemons are usually
used as an additive or a spice and, therefore, the
whole fruit is not consumed, but just a part of it.
It would have been difficult to evaluate the mass of
the consumed product. The vegetable soup intake
was excluded, as it was difficult to determine a sin-
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Table 1. Demographics of the investigated group
Tabela 1. Charakterystyka badanej grupy

Demographics Unit Women (n =879) | Men (n = 641)
(Charakterystyka) (Jednostka) (Kobiety) (Mezczyzni)
Age (Wiek) year (lata) 49.9 + 0.3* 50.0 + 0.2%
Height (Wzrost) cm 161.9 + 5.8 176.5 £ 6.5%
Weight (Masa ciala) kg 68.5 £ 12.9% 85.3 + 14.2*
BMI kg/m? 26.1 + 4.5* 27.3 £ 4.1*
WHR - 0.8 0.1 0.9 +£0.1*
Primary school education (Wyksztalcenie podstawowe) n (%) 26 (3.0) 15 (2.3)
Trade school education (Wyksztalcenie zawodowe) n (%) 133 (15.1) 142 (22.2)
Secondary school education (Wyksztalcenie srednie) n (%) 475 (54.0) 302 (47.1)
University/higher education (Wyksztalcenie wyzsze) n (%) 245 (27.9) 182 (28.4)

gle recipe for this item. The vegetable soups are
different in their content of vegetables and have
different density; therefore, it was difficult to eval-
uate the vegetable mass in this product.

Participants had to assess intake of food prod-
ucts by determining the portion size and food con-
sumption frequency for three months before the
study. The size of one medium portion of every
product in the FFQ was given (e.g. 1 medium ba-
nana, 5 leafs of lettuce), but there was also a possi-
bility for respondents to change the size of the por-
tion to small or large. The size of portions, which
were given in the FFQ, were based on the “Album
of Photographs of Food Products and Dishes” [14].
FFQ contained the following consumption fre-
quency of each product: “per day”, “per week”, per
month” and “rarely or not at all”. To assess daily
intake of each product, the food frequency con-
sumption was converted. The calculation method
was described in a previous work [15]. Because the
portion weights were given in purchased parts, the
loss factor was used to calculate the losses asso-
ciated with culinary treatment. Loss factors were
based on “Food Composition Tables” [16].

Consumption of red and white wine, milk
and bitter chocolate was assessed using the simi-
lar questionnaire as for fruits and vegetables. The
method used to assess black and green tea intake
had been described in the previous work [15]. To
evaluate juices consumption they were categorized
into fruit, fruit-vegetable and vegetable juices. The
intake of these items was based on the FFQ and
one-day dietary record, which was described in the
previous work [15].

The dietary flavonoid intake was evaluated
using “U.S. Department of Agriculture Database
for the Flavonoid Content of Selected Foods, Re-

lease 2.1” [17]. The database contained informa-
tion about 26 flavonoid content in 385 food items.
Flavonoid content was given in mg/100g of edi-
ble part of food product. Flavonoids were divided
into five following subclasses: flavonols, flavones,
flavanones, flavan-3-ols and anthocyanidins. Not
all products taken into account in our FFQ were
included in the American flavonoid database.
Among the vegetables there was no information
about: cauliflower, cooked cabbage, beets, corn
and mixed cooked vegetables. Among fruits there
was no data about frozen fruits. Contents of fla-
vanones, flavones, flavonols and anthocyanidins
presented in USDA database [17] are reported as
aglycones, while flavan-3-ols are reported as a sum
of derivatives from esters and oligomeric.

Flavonoid content in juices was assessed on-
ly in fruit juices. The main ingredient in vegetable
and vegetable-fruit juices is a carrot juice, which
is not included in the flavonoid database; there-
fore, the flavonoid content in these products could
not be evaluated. Among fruit juices taken into ac-
count were apple, orange, grapefruit, black currant
and grape juices, because this data was available
in the flavonoid database. Consumption of these
juices corresponded to 78.4% of fruit juices con-
sumed by women and 81.2% by men.

There was no information about vegetable sal-
ads in the American flavonoid database. To as-
sess the flavonoid intake from the vegetable sal-
ads, the content of its compounds was calculated
as the sum of the flavonoid contents in the individ-
ual raw vegetables. The contribution of each raw
vegetable was based on FFQ.

Values of daily fruit and vegetable consump-
tion were characterized by a lack of normality of
data distribution. There were high values of the
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standard deviation and the mean differed from the
median. To assess daily fruit and vegetable con-
sumption, the median value was used. It is not af-
fected by extreme amounts and therefore it was
better to describe daily intake of these products.
The dietary flavonoid intake was evaluated using
medians and sums of medians.

Data analysis was made using the Microsoft
Excel 2007 spreadsheet. The statistical analysis
of results was made using STATISTICA v.9.1 PL
software (StatSoft Inc. USA). The normality of dis-
tributions was assessed by the Shapiro-Wilk test.
Statistical comparisons of flavonoid intake (medi-
an) from selected food products between men and
women were performed using the nonparametric
Wilcoxon’s test. Differences were considered sta-
tistically significant when p-value < 0.05.

Results

Mean daily fruit consumption, shown as
a sum of medians, amounted to 91.2 g in 50-year-
old women from Wroclaw and 58.5 g in 50-year-
old men diets (Tables 2, 3). Details connected to
fruit consumption in the investigated group were
described by Ilow et al. [18] in the previous work.
Daily flavonoid intake from fruits in the investigat-
ed population is presented in Table 2 and 3. Total
flavonoid intake from fruits in 50-year-old wom-
en was statistically and significantly higher than in

50-year-old men (p = 0.0431). The main sources of
total flavonoids from fruits were, both in women
and men, apples (respectively 50.0% and 48.1% of
total flavonoids from fruit). Fruits provided main-
ly flavan-3-ol and anthocyanidin intake in women,
while in men mainly flavan-3-ol and flavanone.

Women from Wroclaw consumed 198.2 g veg-
etables per day (sum of medians) and men 150.6 g/
day (Tables 4, 5). More detailed information about
vegetable consumption in the investigated group
were given in the previous work [18]. Daily fla-
vonoid intake from vegetables in the investigated
population is presented in Table 4 and 5. There
were no statistically significant differences in total
flavonoid intake from vegetables between wom-
en and men. The main sources of total flavonoids
from vegetables in women were onion (29.1%),
vegetable salad (25.7%) and radish (21.7%), while
among men onion (38.2%), radish (20.2%) and
vegetable salad (17.3%). Vegetables provided
mainly flavonol and anthocyanidin intake both in
women and men.

Daily fruit and vegetable consumption in the
investigated group amounted to 289.4 g in women
and 209.1 g in men. Total flavonoid intake from
fruits and vegetables was statistically and signifi-
cantly higher (p = 0.0069) in women than in men
(22.23 mg/day vs 16.10 mg/day).

The sources of flavonoid intake in the study
group were also fruit juices, bitter chocolate and
black tea (Table 6 and 7). The consumption of fruit

Table 2. Flavonoid content in fruits consumed by 50-year-old women

Tabela 2. Zawarto$¢ flawonoidéw w owocach spozywanych przez 50-letnie kobiety

Fruits Intake Content [mg/day]
(Owoce) median (Zawartos¢)

Ezg;doai);]cie, flavones | flavonols | fla- ar.lél.locya— flavan- total ﬂa—

mediana) vanones nidins -3-ols vonoids
Apple (Jabtko) 47.1 0.08 2.02 0.00 1.15 3.57 6.82
Banana (Banan) 15.0 0.00 0.00 0.00 1.11 0.92 2.03
Pear (Gruszka) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Plum (Sliwka) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Orange (Pomarancza) 5.0 0.06 0.03 2.11 - 0.00 2.20
Tangerine (Mandarynka) 23 0.00 0.00 0.40 - - 0.40
Grapefruit (Grejpfruit) 0.0 - 0.00 0.00 - - 0.00
Kiwi (Kiwi) 2.6 0.03 0.00 0.00 0.00 0.01 0.04
Peach (Brzoskwinia) 2.6 0.00 0.02 0.00 0.04 0.23 0.29
Strawberry (Truskawki) 1.9 0.00 0.03 0.00 0.63 0.08 0.74
Grape (Winogrona) 14.7 0.00 0.28 - - 0.84 1.12
Frozen fruits (Owoce mrozone) 0.0 - - - - - 0.00
Total (Suma) 91.2 0.17 2.38 2.51 2.93 5.65 13.64

- no data in USDA database.

- brak danych w bazie USDA.
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Table 3. Flavonoid content in fruits consumed by 50-year-old men

Tabela 3. Zawarto$¢ flawonoidéw w owocach spozywanych przez 50-letnich mezczyzn

Fruits Intake Content [mg/day]
(Owoce) median (Zawartos¢)
[g/da.y] | flavones flavonols | fla- anthocya- | flavan- total fla-
(Spo.zyc1e, vanones nidins -3-ols vonoids
mediana)
Apple (Jabtko) 31.8 0.05 1.36 0.00 0.78 2.41 4.60
Banana (Banan) 15.0 0.00 0.00 0.00 1.11 0.92 2.03
Pear (Gruszka) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Plum (Sliwka) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Orange (Pomarancza) 5.0 0.06 0.03 2.11 - 0.00 2.20
Tangerine (Mandarynka) 2.3 0.00 0.00 0.40 - - 0.40
Grapefruit (Grejpfruit) 0.0 - 0.00 0.00 - - 0.00
Kiwi (Kiwi) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Peach (Brzoskwinia) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Strawberry (Truskawki) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Grape (Winogrona) 4.4 0.00 0.08 - - 0.25 0.33
Frozen fruits (Owoce mrozone) 0.0 - - - - - 0.00
Total (Suma) 58.5 0.11 1.47 2.51 1.89 3.58 9.56
- no data in USDA database. - brak danych w bazie USDA.
Table 4. Flavonoid content in vegetables consumed by 50-year-old women
Tabela 4. Zawarto$¢ flawonoidéw w warzywach spozywanych przez 50-letnie kobiety
Vegetables Intake Content [mg/day]
(Warzywa) median (Zawartos¢)
&/ day] ) flavones | flavonols | fla- anthocy- | flavan- total fla-
(SPO.ZYCIe’ vanones | anidins -3-ols vonoids
mediana)
Carrot (Marchew) 8.3 0.01 0.04 - - 0.00 0.05
Onion (Cebula) 9.2 0.00 2.50 - - 0.00 2.50
Garlic (Czosnek) 0.2 - 0.00 - - - 0.00
Pepper (Papryka) 8.0 0.40 0.19 - 0.00 0.00 0.59
Tomato (Pomidor) 559 0.00 0.46 0.38 0.00 0.00 0.84
Raw cabbage (Kapusta surowa) 8.4 0.02 0.04 - - - 0.06
Sauerkraut (Kapusta kiszona) 9.1 0.00 0.00 - - - 0.00
Cucumber (Ogorek) 10.1 0.00 0.01 - - 0.00 0.01
Green beans (Fasolka szparagowa) 2.9 - 0.09 - 0.00 - 0.09
Lettuce (Salata zielona) 5.6 0.04 0.32 0.00 0.02 0.00 0.38
Radish (Rzodkiewka) 7.0 0.00 0.06 0.00 1.80 0.00 1.86
Vegetable salad (Surowki warzywne) | 43.2 0.16 1.29 0.13 0.63 0.00 221
Cauliflower (Kalafior) 4.4 - - - - - -
Cooked cabbage (Kapusta gotowana) 6.0 - - - - - -
Beet (Buraki) 14.0 - - - - - -
Corn (Kukurydza) 14 - - - - - -
Mixed cooked vegetables 4.5 - - - - - -
(Salatki jarzynowe)
Total (Suma) 198.2 0.63 5.00 0.51 2.45 0.00 8.59

- no data in USDA database.

- brak danych w bazie USDA.
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Table 5. Flavonoid content in vegetables consumed by 50-year-old men
Tabela 5. Zawarto$¢ flawonoidéw w warzywach spozywanych przez 50-letnich mezczyzn
Vegetables Intake me- Content [mg/day]
(Warzywa) dian (Zawartosc¢)
g/ da.y] ) flavones | flavonols | fla- anthocy- | flavan- total fla-
(Spo.zyc1e, vanones | anidins -3-ols vonoids
mediana)
Carrot (Marchew) 8.3 0.01 0.04 - - 0.00 0.05
Onion (Cebula) 9.2 0.00 2.50 - - 0.00 2.50
Garlic (Czosnek) 0.4 - 0.01 - - - 0.01
Pepper (Papryka) 2.4 0.12 0.06 - 0.00 0.00 0.18
Tomato (Pomidor) 55.9 0.00 0.46 0.38 0.00 0.00 0.84
Raw cabbage (Kapusta surowa) 3.6 0.01 0.02 - - - 0.03
Sauerkraut (Kapusta kiszona) 39 0.00 0.00 - - - 0.00
Cucumber (Ogorek) 10.1 0.00 0.01 - - 0.00 0.01
Green beans (Fasolka szparagowa) 2.9 - 0.09 - 0.00 - 0.09
Lettuce (Salata zielona) 5.6 0.04 0.32 0.00 0.02 0.00 0.38
Radish (Rzodkiewka) 5.0 0.00 0.04 0.00 1.28 0.00 1.32
Vegetable salad (Suréwki warzywne) | 22.4 0.04 0.74 0.08 0.27 0.00 1.13
Cauliflower (Kalafior) 4.4 - - - - - -
Cooked cabbage (Kapusta gotowana) | 6.0 - - - - - -
Beet (Buraki) 6.0 - - - - - -
Corn (Kukurydza) 0.0 - - - - - -
Mixed cooked vegetables (Satatki 4.5 - - - - - -
jarzynowe)
Total (Suma) 150.6 0.22 4.29 0.46 1.57 0.00 6.54
- no data in USDA database. - brak danych w bazie USDA.

Table 6. Flavonoid content in tea, wine, juices and chocolate consumed by 50-year-old women

Tabela 6. Zawarto$¢ flawonoidéw w herbacie, winie, sokach i czekoladzie spozywanych przez 50-letnie kobiety

Product Intake Content [mg/day]
(Produkt) median (Zawartos¢)
s/ day] . flavones | flavonols | fla- anthocy- | flavan- total fla-
(SPO?YCIe’ vanones | anidins -3-ols vonoids
mediana)
Black tea (Herbata czarna) 500.0 0.00 18.75 - - 576.25 595.00
Green tea (Herbata zielona) 0.0 0.00 0.00 - - 0.00 0.00
Red wine (Wino czerwone) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
White wine (Wino biale) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Fruit juices (Soki owocowe) 322 0.00 0.18 2.67 1.40 0.32 4.57
Fruit-vegetable juices (Soki owoco- | 6.9 - - - - - 0.00
Wo-warzywne)
Vegetable juices (Soki warzywne) 0.0 - - - - - 0.00
Bitter chocolate (Czekolada gorzka) | 1.5 - - - - 0.80 0.80
Milk chocolate (Czekolada mleczna) | 0.0 - - - - 0.00 0.00
Total (Suma) 0.00 18.93 2.67 1.40 577.37 600.37

- no data in USDA database.

- brak danych w bazie USDA.
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Table 7. Flavonoid content in tea, wine, juices and chocolate consumed by 50-year-old men

Tabela 7. Zawarto$¢ flawonoidéw w herbacie, winie, sokach i czekoladzie spozywanych przez 50-letnich mezczyzn

Product Intake Content [mg/day]
(Produkt) median (Zawartos¢)
g/ da.y] ) flavones | flavonols | fla- anthocya- | flavan- total fla-
(Sp ozycle, vanones | nidins -3-ols vonoids
mediana)
Black tea (Herbata czarna) 500.0 0.00 18.75 - - 576.25 595.00
Green tea (Herbata zielona) 0.0 0.00 0.00 - - 0.00 0.00
Red wine (Wino czerwone) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
White wine (Wino biale) 0.0 0.00 0.00 0.00 0.00 0.00 0.00
Fruit juices (Soki owocowe) 32.2 0.00 0.22 2.41 2.04 0.30 4.97
Fruit-vegetable juices (Soki owoco- 0.0 - - - - - 0.00
Wo-warzywne)
Vegetable juices (Soki warzywne) 0.0 - - - - - 0.00
Bitter chocolate (Czekolada gorzka) 1.5 - - - - 0.80 0.80
Milk chocolate (Czekolada mleczna) 0.0 - - - - 0.00 0.00
Total (Suma) 0.00 18.97 2.41 2.04 577.35 600.77
- no data in USDA database. - brak danych w bazie USDA.
Table 8. Structure of daily flavonoid intake in 50-year-old women
Tabela 8. Struktura zawartosci flawonoidéw w diecie 50-letnich kobiet
Sources of fla- Flavones Flavonols Flavanones Anthocyanidins | Flavan-3-ols Total flavonoids
vonoids (Flawony) (Flawonole) (Flawanony) (Antocyjany) (Flawan-3-ole) (Flawonoidy
(Zrédta ogolem)
flawonoidow) sum of % sum of % sum of % sum of % sum of % sum of %
medians medians medians medians medians medians
[mg/day] [mg/day] [mg/day] [mg/day] [mg/day] [mg/day]
Vegetables 0.63 78.8 | 5.00 19.0 | 0.51 9.0 | 2.45 36.1 | 0.00 0.0 8.59 1.4
(Warzywa)
Fruits 0.17 21.3 | 2.38 9.1 2.51 44.1 | 2.93 43.2 | 5.65 1.0 13.64 2.2
(Owoce)
Wine 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0
(Wino)
Chocolate 0.00 0.0 0.00 0.0 0.00 0.0 | 0.00 0.0 0.80 0.1 0.80 0.1
(Czekolada)
Tea 0.00 0.0 18.75 71.3 | 0.00 0.0 0.00 0.0 576.25 98.8 | 595.00 95.6
(Herbata)
Fruit juices 0.00 0.0 0.18 0.7 2.67 46.9 | 1.40 20.7 | 0.32 0.1 4.57 0.7
(Soki owocowe)
Total 0.80 100 | 26.31 100 | 5.69 100 | 6.78 100 | 583.02 100 | 622.60 100
(Suma)

juices amounted to 32.2 g/day both in 50-year-old
women and men. Because the calculated compo-
sition of fruit juices was different in women and
men the flavonoid intake from this product was
different (respectively 4.57 and 4.97 mg/day). Fruit
juices provided mainly flavanones and anthocya-
nidins intake. Both women and men consumed
1.5 g/day of bitter chocolate, which was a source

of 0.80 mg/day of flavan-3-ols. Flavan-3-ols were
the only subclass of flavonoids provided by bitter
chocolate.

An important source of flavonoids in the study
group proved to be tea consumption. Both wom-
en and men from Wroclaw consumed 500 g/day of
black tea, which was a source of 595 mg/day of to-
tal dietary flavonoids, mainly flavan-3-ols.
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Table 9. Structure of daily flavonoid intake in 50-year-old men

Tabela 9. Struktura zawartosci flawonoidéw w diecie 50-letnich mezczyzn

Sources of fla- | Flavones Flavonols Flavanones Anthocyanidins | Flavan-3-ols Total flavonoids

vonoids (Flawony) (Flawonole) (Flawanony) (Antocyjany) (Flawan-3-ole) (Flawonoidy

(Zrédta fla- ogodlem)

wonoidow) sum of % sum of % sum of % sum of % sum of % sum of %
medians medians medians medians medians medians
[mg/day] [mg/day] [mg/day] [mg/day] [mg/day] [mg/day]

Vegetables 0.22 66.7 | 4.29 17.4 | 0.46 8.6 1.57 28.6 | 0.00 0.0 6.54 1.1

(Warzywa)

Fruits 0.11 333 | 1.47 59 | 251 46.7 | 1.89 344 | 3.58 0.6 | 9.56 1.6

(Owoce)

Wine 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0

(Wino)

Chocolate 0.00 0.0 0.00 0.0 0.00 0.0 0.00 0.0 0.80 0.1 0.80 0.1

(Czekolada)

Tea 0.00 0.0 18.75 75.8 | 0.00 0.0 0.00 0.0 576.25 99.2 | 595.00 96.5

(Herbata)

Fruit juices 0.00 0.0 0.22 0.9 241 44.8 | 2.04 37.1| 0.30 0.1 4.97 0.8

(Soki owo-

cowe)

Total 0.33 100 | 24.73 100 | 5.38 100 | 5.50 100 | 580.93 100 | 616.87 100

(Suma)

Total dietary flavonoid intake (Tables 8, 9) in
the 50-year-old inhabitants of Wroclaw amount-
ed to 622.60 mg/day in women and was statistical-
ly and significantly higher (p = 0.0164) than that
in men (616.87 mg/day). The main source of total
flavonoid intake, both in women and in men, was
tea consumption (respectively 95.6% and 96.5%
of daily total flavonoid intake). Fruits, vegetables,
fruit juices and chocolate provided respectively
2.2%, 1.4%, 0.7% and 0.1% of daily total flavonoid
intake in women, while in men respectively 1.6%,
1.1%, 0.8% and 0.1%.

The largest part in total flavonoid intake in the
investigated group belonged to flavan-3-ols (93.6%
of total flavonoid intake in women and 94.2% in
men). The main source of these compounds was
tea, followed by fruits, fruit juices and chocolate.
The second subclass of flavonoids, supplied with
a diet, were flavonols, found in tea, vegetables and
fruits. The percentage of flavones, flavonols, fla-
vanones and anthocyanidins in total flavonoid in-
take was 0.1%, 4.2%, 0.9% and 1.1% in 50-year-
old women and respectively 0.1%, 4.0%, 0.9% and
0.9% in 50-year-old men.

Discussion

There are not many studies assessing the dietary
flavonoid intake in Poland. Total flavonoid intake
from fruits in the investigated 50-year-old inhabit-

ants of Wroclaw was lower than in the inhabitants
of Wroclaw in the same age in 2005 (women 13.64
vs 15.62 mg/day; men 9.56 vs 15.02 mg/day). The
intake of flavonoids from vegetables in this study
was higher than in 2005 (women 8.59 vs 4.64 mg/
day; men 6.54 vs 4.38 mg/day). The mean tea con-
sumption was the same as in the study from 2005,
but the flavonoid intake was different. The reason
of that incompatibility was the difference in the
USDA flavonoids database from 2003 and 2007.
Fruit juices consumption was a higher source of
flavonoids in this study than in the study from
2005 (women 4.57 vs 0.59 mg/day; men 4.97 vs
2.74). Bitter chocolate was twice as large a source
of flavonoids in men in the previous study than in
this one, and provided 1.6 mg/day of these com-
pounds. Bitter chocolate was not a source of fla-
vonoids in women from the previous study. Total
dietary flavonoid intake in 50-year-old women and
men from Wroclaw in 2005 amounted respectively
to 609.2 mg/day and 612.0 mg/day [15].

Dietary flavonoid intake reported in the world’s
literature was lower than in this study. The total di-
etary flavonoid intake (median), described in the
European Prospective Investigation into Cancer
and Nutrition study Spanish cohort, which had in-
cluded also proanthocyanidins, was 269.17 mg/day
(219.79 mg/day for women and 338.18 mg/day for
men) [19]. In the American adult population, based
on the National Health and Nutrition Examina-
tion Survey (NHANES) data, dietary flavonoid in-
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take amounted to 189.7 mg/day (186.9 mg/day for
women and 192.7 mg/day for men) [20]. Estimat-
ed flavonoid intake in Greek adults was also lower
than in the 50-year-old inhabitants of Wroclaw and
amounted to 92 mg/day [21]. Daily flavonoid intake
among Flemish women was 166.0 mg [22] and in
women aged 55-69-year-old from The Iowa Wom-
en’s Health Study amounted to 239.2 mg/day [23].

The main sources of flavonoids in the Span-
ish population were apples (23% of total flavonoid
intake), red wine (20.1%) and fruits (12.8%). Tea,
which was the most important source of flavonoids
in the 50-year-old inhabitants of Wroclaw, provid-
ed only 2.2% of total flavonoid intake in the Span-
ish population [19]. Results of NHANES connect-
ed to tea consumption were similar to present
study. Tea provided 82.8% of total flavonoid in-
take in the American adult population and 96.9%
of flavan-3-ols intake. Those participants who con-
sumed tea had even 20 times higher flavonoid in-
take than tea non-consumers (697.9 mg/day vs
32.6 mg/day) [24].

In the NHANES investigated group the main
contributors in total flavonoid intake (82.5%) were,
as in present study, flavan-3-ols. The percentage of
other subclasses was following: flavanones 7.6%,
flavonols 6.8%, anthocyanidins 1.6%, flavones 0.8%
and isoflavones 0.6% [20]. The percentage from
each subclass in Greek adults was different than in
present study. The main contributors were flavonols
(30.4% of total flavonoid intake) and flavanones
(29.3%). The percentage of flavan-3-ols, anthocy-
anidins, flavones and isoflavones was respectively
17.4%, 10.9%, 7.6% and <1.1% [21]. The main sub-
class of flavonoids in the Flemish women diet were
flavan-3-ols, but their percentage was lower than
in present study (51% vs 94% of total flavonoid in-
take). Other contributors provided respectively: fla-
vanones 28%, flavonols 12%, anthocyanidins 5%
and flavones 4% of total flavonoid intake [22].
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614.2 mg in men [25]. In the extended analysis in-
volving 398 university students between 2005 and
2007 the mean daily flavonoid intake was 642.3 mg
in women and 638.0 mg in men [26]. The fla-
vonoid intake among lower secondary school stu-
dents from Oles$nica was 669.2 mg/day (671.8 mg/
day girls, 952.5 mg/day boys) and among second-
ary school students 949.6 mg/day (953.0 mg/day
girls, 939.7 mg/day boys) [27]. In these studies tea
consumption was the major source of dietary fla-
vonoids. Flavan-3-ols were the most common fla-
vonoids in the diets of the investigated groups.

In conclusion, this study assessed a higher di-
etary flavonoid intake in comparison with other
studies results. These differences may be caused
by the use of different methods, flavonoids data-
bases and by taking into account different kinds
of food products. On the other hand, the results
were similar to those proposed in our previous
studies among different groups of the Polish pop-
ulation. This study demonstrates that the high fla-
vonoid intake in the investigated group was main-
ly caused by tea consumption. Another finding of
present study was that the major contributors in
daily flavonoid intake were flavan-3-ols. Fruits,
vegetables and other food products were less im-
portant sources of flavonoids.

The authors concluded that increased fruit and
vegetable consumption in the investigated group
would increase the variety of flavonoids in the di-
et. Present results support the thesis that knowl-
edge of flavonoids content in food products could
be helpful in planning healthy diets. Further stud-
ies are needed to understand what minimum con-
tent of flavonoids in a diet will have a positive im-
pact on human health.
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