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Abstract

Objective: To estimate flavonoid intake in the Australian population.
Design: Flavonoid consumption was estimated from 24-hour recall data and apparent
consumption data using US Department of Agriculture flavonoid composition data.
Subjects: The National Nutrition Survey 1995 assessed dietary intake (24-hour recall)
in a representative sample (n ¼ 13 858) of the Australian population aged 2 years and
over.
Results: Analysis of the 24-hour recall data indicated an average adult intake (.18
years) of 454mgday21 (92% being flavan-3-ols). Apple was the highest quercetin
source until age 16–18 years, after which onion became an increasingly important
prominent source. Variations in hesperetin consumption reflected orange intake.
Apple, apricot and grapes were the major sources of epicatechin and catechin for
children, but subsided as wine consumption increased in adulthood. Wine was the
main source of malvidin. Naringenin intake remained static as a percentage of total
flavonoid intake until age 19–24 years, corresponding to orange intake, and then
increased with age from 19–24 years, corresponding to grapefruit intake. Apparent
dietary flavonoid consumption was 351mgperson21 day21, of which 75% were
flavan-3-ols. Black tea was the major flavonoid source (predominantly flavan-3-ols)
representing 70% of total intake. Hesperetin and naringenin were the next most
highly consumed flavonoids, reflecting orange intake. Both 24-hour recall and
apparent consumption data indicated that apigenin intake was markedly higher in
Australia than reported in either the USA or Denmark, presumably due to differences
in consumption data for leaf and stalk vegetables and parsley.
Conclusions: Tea was the major dietary flavonoid source in Australia. Flavonoid
consumption profiles and flavonoid sources varied according to age. More consistent
methodologies, survey tools validated for specific flavonoid intakes and enhanced
local flavonoid content data for foods would facilitate better international
comparisons of flavonoid intake.
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Flavonoids are a subclass of polyphenolic compounds

found ubiquitously in plant foods. Their secondary

metabolites have roles in processes such as pigmentation,

defence immune responses and protection from ultra-

violet-B radiation1,2. More than 5000 identified flavonoids

occur in plants3 and are divided into six major classes:

anthocyanidins, flavan-3-ols, flavanones, flavones, flavo-

nols and isoflavones3,4.

In vitro and in vivo studies indicate that dietary

flavonoids affect the risk of various diseases including

cancer and coronary heart disease (CHD). Population

studies have shown associations between flavonoid

consumption and CHD risk5–7. At the molecular level,

flavonoids may contribute to CHD risk reduction by

affecting low-density lipoprotein (LDL) oxidation8,9, fatty

plaques10,11 and hypercholesterolaemia4,7. Moreover, they

can inhibit the formation of reactive oxygen species and

protect genes that decrease cancer risk12,13. In addition

to antioxidant properties, some flavonoids exhibit anti-

microbial, antiviral14, erythrocyte protection15, anti-

inflammatory and antiallergenic properties16.

Given the potential role of flavonoids in disease

prevention, it is useful to understand variations in

consumption patterns. To date, few consumption studies

have been published. One early study estimated the mean

intake of total flavonoids in the USA to be about 1 g daily17.

More recent studies have estimated individual flavonoid or

flavonoid profile intakes in the USA18, Denmark19,

Holland20, Finland21, France22, Greece23, Japan24 and

Spain25, although the dietary intake methodologies vary

substantially. The present study was initiated to add an

Australian perspective to international comparisons.
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Further, major contributors to dietary flavonoid intake such

as wine and tea vary in consumption across age groups26.

The study sought to provide insight into how sources and

intakes of various flavonoids vary according to age.

Methods

Data from two sources were used to formulate estimates of

flavonoid intake. First, intake of flavonoids was derived

from the most recent survey of dietary intake in Australia

(the National Nutrition Survey 1995; NNS95)26. This survey

used a nationally representative sub-sample (n ¼ 17 326)

of the National Health Survey. People over the age of 2

years were included in the survey and the overall response

rate was 80%. It was based on a 24-hour recall of food and

beverage intake on the day prior to the interview,

midnight to midnight. This survey collected detailed

descriptions on types and quantities of all foods and

beverages consumed by respondents. Standardised

measuring guides were used to assist respondents in

estimating the amount of food actually consumed.

In the published NNS95 analysis, vegetables and fruits

were grouped together. Therefore, the original dataset was

reassessed by the Australian Bureau of Statistics (ABS) to

provide intake data of consumption of individual

flavonoid-containing foods (including mixed dishes),

according to age grouping, based on the 24 hour-recall

data. The following categories were ungrouped into

individual foods: pome, berry, citrus, stone, tropical fruit,

other fruits, cabbage, cauliflower and similar brassica

vegetables, carrot and similar root vegetables, peas and

beans, leaf and stalk vegetables, other fruiting vegetables,

other vegetables and legumes.

To provide another perspective on flavonoid consump-

tion, apparent consumption (per capita, all ages) of major

dietary flavonoid sources was derived from agricultural

production data27. In certain instances, single foods are

grouped into categories within this agricultural dataset.

For example, lettuce and celery are grouped into the

category of leaf and green vegetables but have very

different flavonoid profiles28. Therefore, industry pro-

duction data sources were used in such cases to estimate

the proportion of individual foods within the various ABS

agricultural categories.

Since there is no comprehensive composition dataset

for flavonoid contents of Australian foods, US Department

of Agriculture (USDA) data were applied28, an approach

that has been used in similar studies in other countries18,23.

This currently is the most complete database available,

with 225 reference foods. It should be noted that the USDA

database has collated data from a range of sources, with

variations in data quality28.

Table 1 Flavonoid intake (mg day21) according to age, based on 24-hour recall data from the Australian National Nutrition Survey 1995

Age (years)

2–3 4–7 8–11 12–15 16–18 19–24 25–44 45–64 65þ 19þ

Anthocyanidins
Cyanidin 0.00 0.67 0.56 0.00 0.02 0.03 0.35 0.56 0.96 0.42
Delphinidin 0.00 0.00 0.00 0.00 0.05 0.07 0.21 0.27 0.17 0.21
Malvidin 0.00 0.00 0.00 0.00 0.42 0.59 1.57 2.12 1.27 1.56
Pelargonidin 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.00
Peonidin 0.00 0.03 0.03 0.00 0.09 0.12 0.33 0.45 0.30 0.33
Petunidin 0.00 0.00 0.00 0.00 0.10 0.14 0.38 0.51 0.31 0.38

Flavan-3-ols
Catechin 1.42 1.24 1.35 1.68 2.20 3.77 8.00 12.09 12.53 9.36
Epicatechin 4.92 5.43 5.44 6.44 5.23 7.38 14.10 20.87 23.14 16.64
Epicatechin-3-gallate 0.92 1.06 1.99 2.94 4.14 13.37 27.00 43.54 53.09 34.21
Epigallocatechin 1.16 1.39 2.66 3.91 5.64 18.29 36.95 59.60 72.74 46.84
Epigallocatechin-3-gallate 1.89 2.25 4.33 6.36 9.16 29.74 60.07 96.92 118.28 76.17
Gallocatechin 0.11 0.13 0.26 0.38 0.54 1.77 3.57 5.76 7.03 4.53
Theaflavin 0.14 0.17 0.32 0.47 0.68 2.22 4.49 7.24 8.84 5.69
Theaflavin-3-gallate 0.11 0.13 0.24 0.36 0.51 1.67 3.37 5.43 6.63 4.27
Theaflavin-30-gallate 0.14 0.17 0.32 0.47 0.67 2.18 4.41 7.12 8.69 5.60
Theaflavin-3,30-digallate 0.15 0.18 0.35 0.51 0.74 2.40 4.84 7.81 9.53 6.14
Thearubigins 5.29 6.30 12.12 17.78 25.63 83.19 168.03 271.08 330.83 213.04

Flavanones
Eriodictyol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.04 0.02
Hesperetin 3.74 4.46 4.43 4.35 3.73 2.97 4.14 5.89 5.71 4.75
Naringenin 1.07 1.32 1.37 1.37 1.11 0.92 1.60 2.79 3.48 2.17

Flavones
Apigenin 0.02 0.05 0.12 0.09 0.08 0.12 0.13 0.47 0.48 0.45
Luteolin 0.01 0.02 0.04 0.03 0.04 0.05 0.07 0.09 0.10 0.08

Flavonols
Isorhamnetin 0.05 0.03 0.05 0.06 0.14 0.14 0.16 0.18 0.18 0.16
Kaempferol 0.24 0.30 0.49 0.69 0.94 2.43 4.49 7.05 8.47 5.60
Myricetin 0.07 0.07 0.13 0.20 0.40 1.02 2.07 3.03 3.28 2.40
Quercetin 2.87 3.33 3.63 4.48 4.47 6.45 10.80 15.30 17.03 12.53
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Table 2 Flavonoid intake (mg day21) reported in various studies, including reanalysis (using all flavonoids in Table 1) according to
reported consumption of foods

Country (reference) Published flavonoid consumption Reanalysis

National representative samples
Australia (present study) National Nutrition Survey, 24-hour recall:

† Anthocyanidins: 2.9
† Flavan-3-ols: 422
† Flavanones: 6.9
† Flavones: 0.5
† Flavonols: 20.7
Total: 454

Denmark19 Danish Household Consumption Survey (dietary history): Analysis of reported food intake:
† Flavanones (hesperetin, naringenin): 9 † Anthocyanidins: 1.2
† Flavonols (quercetin, kaempferol, myricetin): 16.8 † Flavan-3-ols: 148
Total: 25.8 † Flavanones: 12.4

† Flavones: 0
† Flavonols: 12.4
Total: 175

The Netherlands Dutch National Food Consumption Survey (dietary history): Analysis of reported food intake:
(n ¼ 411220; n ¼ 620029) † Flavan-3-ols (catechin): 50 † Anthocyanidins: 13.8

† Flavones (apigenin, luteolin): 1.6 † Flavan-3-ols: 145
† Flavonols (quercetin, kaempferol, myricetin): 21.4 † Flavanones: 32
Total: 73.0 † Flavones: 0.06

USA18 US health professionals (FFQ, n ¼ 116 772): † Flavonols: 20.7
† Flavonols (quercetin, kaempferol, myricetin) Total: 211
Total: 21.7

Non representative sub-samples
Australia30 Healthy young women with dietary data (n ¼ 24):

† Flavan-3-ols (epicatechin, epicatechin-3-gallate,
epigallocatechin, epigallocatechin-3-gallate, catechin,
gallocatechin): 76.1

† Flavanones (eriodictyol, hesperetin, naringenin): 22.6
† Flavones (apigenin, luteolin): 3.9
† Flavonols (quercetin, kaempferol, myricetin, fisetin): 25.6
† Total: 128.2

Finland31 Finnish Mobile Clinic Health Examination Survey
(n ¼ 10 054 subset, dietary history):
† Flavanones (hesperetin, naringenin): 20.2
† Flavonols (kaempferol, myricetin, quercetin): 4.0
Total: 24.2

France22 Subjects above 65 years of age (n ¼ 1367):
† Flavones (apigenin, luteolin)
† Flavonols (quercetin, kaempferol, myricetin)
Total: 14.4 (no individual values given)

Greece23 Greeks (n ¼ 210) including 110 with stomach
adenocarcinoma (FFQ):
† Anthocyanidins: 40.4
† Flavan-3-ols: 135
† Flavanones: 19.8
† Flavones: 0.3
† Flavonols: 10
† Isoflavones: 2.0
Total: 207.6 (no details of individual flavonoids given)

Japan24 Women (n ¼ 115, 3-day dietary history):
† Flavones (luteolin): 0.3
† Flavonols (quercetin, kaempferol, myricetin): 16.4
† Isoflavones (daidzein, genistein): 47.2
Total: 64

Spain25 Spanish gastric adenocarcinoma patients (n ¼ 354):
† Flavonols (quercetin, kaempferol, myricetin): 9.0
Total: 9.0

FFQ – food-frequency questionnaire.
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Previous studies from Denmark, The Netherlands and

the USA published dietary data in conjunction with

estimates of flavonoid intake. The dietary data from such

studies were reanalysed for all flavonoids listed in Table 1,

applying USDA food composition data, to derive the

reanalysed totals in Table 2. The Statistical Package for the

Social Sciences (SPSS version 12.0.1; SPSS Inc., Chicago, IL,

USA) was used to derive mean intake values.

Results

Dietary flavonoid intake from NNS95 data was estimated at

225 mgperson21 day21 (only 145 of the 225 USDA

reference foods were reported to be consumed).

Consumption of individual flavonoids in each age group

is shown in Table 1. People aged 19 years and over

consumed 454mgday21, of which 92% were flavan-3-ols

(Fig. 1). This difference between all ages and adult people

was due predominantly to tea consumption, which

increased with age starting at 19–24 years (see Fig. 6

below). The average Australian apparent flavonoid

consumption was 351 mgday–1 of which 75% were

flavan-3-ols (Fig. 1). Apart from tea which contributed 76%

of flavonoid intake, the highest flavonoid source was

oranges – supplying four times more flavonoids than any

other fruit, beverage or vegetable group. Other important

flavonoid sources were, in descending order, other citrus

fruit, grapes, wine, apples and leaf and stalk vegetables.

In the NNS95 analysis, black tea was the major flavonoid

source (predominantly flavan-3-ols). Figure 2 shows

proportions of non-flavan-3-ol flavonoid classes deter-

mined by the two intake assessment methods. Because of

the dominance of flavan-3-ols in total flavonoid intake, the

data from NNS95 were analysed in the absence of

contributions from black and green tea (Fig. 3). This

enabled a clearer visualisation of the intake dynamics of

flavonoids other than those supplied exclusively by black

and green tea.

The range of individual flavonoids included in previous

consumption studies is relatively varied and comparisons

are therefore limited in their scope. Figure 4 compares the

consumption estimates for five major flavonoids from

previous studies with those of the present study. Quercetin

dominated flavonoid intake profiles for all four countries

(Fig. 4) even when tea consumption was not considered

(Fig. 5).

Apart from tea flavonoids, hesperetin and naringenin

consumption was high, in view of citrus fruit intake

(especially oranges). Teawasnot the sole sourceof catechin,

epicatechin and quercetin, which were still important

contributors to total flavonoid consumption (via wine) for

adults and apples for all ages. Although these five flavonoids

were the major dietary flavonoids across all ages in the

present study, variations in consumption of individual

flavonoids occurred according to age (Figs 6–10). Analysis

of 24 hour-recall data from the NNS95 revealed apple as the

most important source of quercetin until age 16–18 years,

after which onions became an increasingly important

prominent source. Variations in hesperetin consumption

reflected orange intake. Apple was also the major source of

epicatechin and catechin for children. For catechin, grapes

andpeach also contributed.However, these sourcesbecame

less prominent as wine consumption increased in adult-

hood.Winewas the predominant source ofmalvidin, aswell

as delphinidin, peonidin and petunidin which all followed

wine consumption patterns. Variations in hesperetin

consumption reflected orange intake. Naringenin intake

was consistent as a percentage of total flavonoid intake until

19–24 years, corresponding to orange intake. Naringenin

intake then increased with age corresponding to grapefruit

intake.

Discussion

The use of US flavonoid content data in the analysis of

Australian dietary data is not ideal, and was done in the

absence of adequate local data. The USDA acknowledges

that factors such as cultivar, geography, climate, farming

practices, processing and storage can introduce substantial

variation in flavonoid content of foods28. The extent to

which flavonoid intake estimates in this study would vary

if local composition data were available is not known.

The consumption of flavan-3-ol dominated the flavo-

noid intake profile determined by both methods in this

study, similar to consumption data for national flavonoid

intakes for Denmark and the USA (Fig. 1). This is due to

the importance of black tea in the diet of these countries.

The reported average total flavonoid consumption for

Denmark is markedly lower than the Australian and US

estimates (175 vs. 454 and 211mgday21, respectively),

due to variations in single flavonoid intakes between

countries (Table 2). In the USA, flavan-3-ols represented

only 68% of total flavonoid consumption due to lower tea

consumption.

The second most abundant class of flavonoids in the US

diet are flavanones (15% of total flavonoids). In Denmark

and the present 24-hour recall analysis, flavanones

represent a smaller proportion because of the dominance

of flavan-3-ols from black tea (Fig. 1). When tea

consumption was excluded, variations in flavanone

proportions were still apparent (Fig. 3). Anthocyanidin

consumption was higher in the USA than in other

countries, probably due to higher consumption of

blueberries which are a very rich source28. However, the

Danish analysis only included blackcurrant and not other

major anthocyanidin sources such as cherries and berries,

and may therefore be an underestimate of true consump-

tion. The consumption of flavones in Australia was higher

than that reported for Denmark and USA, due to celery

and parsley consumption not being analysed in the Danish

and US studies. Comparisons of flavonoid intake from

various countries are shown in Table 2. These combined
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Fig. 1 Intakes (proportions) of flavonoid classes reported in the USA18 and Denmark19 compared with Australian estimates (24-hour
recall data from the National Nutrition Survey 1995 (NNS95) and apparent consumption data) from the present study

Fig. 2 Intakes (proportions) of flavonoid classes (other than flavan-3-ol) reported in the USA18 and Denmark19 compared with Australian
estimates (24-hour recall data from the National Nutrition Survey 1995 (NNS95) and apparent consumption data) from the present study
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data indicate that such dietary studies vary in their

methodological approaches. In view of the number of

dietary flavonoid sources and the extensive range of

flavonoids found in foods, diet diary methods offer more

reliable flavonoid intake data than food-frequency

questionnaires, since the latter often have not been

validated for flavonoid intake and individual flavonoid

sources can easily be overlooked.

Fig. 3 Intakes (proportions) of flavonoid classes reported in the USA19 and Denmark18 compared with Australian estimates (24-hour
recall data from the National Nutrition Survey 1995 (NNS95) and apparent consumption data) from the present study (excluding tea con-
sumption)

Fig. 4 Intakes of individual flavonols and flavones (percentage of total flavonoid intake) reported in the USA18, Denmark19 and The
Netherlands20,32 compared with Australian estimates (24-hour recall data from the National Nutrition Survey 1995 (NNS95) and apparent
consumption data) from the present study (including tea consumption)
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Figure 3 revealed a higher flavan-3-ol consumption in

Australia than the comparison countries due to the inclusion

of bothwine andapple (vs. apple only) in thepresent study.

Figure 4 highlights the lack of methodological consistency

between studies outlined in Table 2. Apiengenin consump-

tion appears higher in Australia, but is due to parsley and

celery consumptionnotbeing included inother studies. The

apparent greater diversities of flavonoid consumption in

Australia comparedwith Denmark and theUSA is likely due

to the broader range of flavonoid-rich foods included the

present study. In Table 2, estimates were reanalysed using

food intakes reported in the original studies. Reanalysis of

the Dutch study was not done because consumption of

individual foods was not reported.

Estimates of flavonoid consumption in various countries

have used non-representative sub-samples of national

populations. An Australian study of 24 women reported

total flavonoid intake of 128mg day21, with intake

Fig. 5 Intakes of individual flavonoids (percentage of total flavonoid intake) reported in the USA18 and Denmark19 compared with
Australian estimates (24-hour recall data from the National Nutrition Survey 1995 (NNS95) and apparent consumption data) from the pre-
sent study (excluding tea consumption)

Fig. 6 Comparison of total flavonoid intake (mg day21), with or
without tea, according to age group; 24-hour recall data from the
Australian National Nutrition Survey 1995

Fig. 7 Contribution to total flavonoid intake (mg day21) of tea (left
axis) and wine (right axis), according to age group; 24-hour recall
data from the Australian National Nutrition Survey 1995
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dominated by 59% attributed to flavon-3-ols. However,

their study was based on only 15 flavonoids (vs. 26 in the

present study). An analysis of our data using the same

flavonoids as Lyons-Wall et al.30 (except for fisetin which is

not included in the USDA database) yielded an average

intake of 216mgday21 for people aged 19 years and over

and 173mgday21 for 25–44-year-olds. Proportions of

flavanones (3%) and flavonols (10%) in the present study

were lower than those reported by Lyons-Wall et al.30 (18

and 20%, respectively). Details of such studies from other

countries are noted in Table 2.

Total flavonoid intake derived from apparent consump-

tion data exceeded estimates from 24-hour recall data of a

representative sample of the national population. This

difference was despite the common occurrence of

overreporting of flavonoid-rich foods (i.e. fruits and

vegetables) reported previously in such surveys (NNS).

Both apparent consumption and 24-recall data indicated

that apigenin intake was markedly higher in Australia than

reported in either the USA or Denmark, due presumably to

differences in consumption of leaf and stalk vegetables

(e.g. lettuce and celery) and parsley. Compared with

the NNS95 analysis, apparent flavanone consumption

was higher and apparent flavonol consumption lower due

to differences in the ratio of orange to apple consumption

in the two methods. The inherent weaknesses of

apparent consumption estimates are well documented,

and these data were included specifically as a comparison

to previous studies which have used this same

methodology.

Fig. 8 Percentage of total flavonoid intake contributed by flavonoid classes, according to age (excluding tea consumption); 24-hour recall
data from the Australian National Nutrition Survey 1995

Fig. 9 Intake of major flavonoids, as a percentage of total flavonoid intake, according to age (excluding tea consumption); 24-hour recall
data from the Australian National Nutrition Survey 1995
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If tea consumption is excluded for all ages, five

flavonoids emerge as major dietary contributors: catechin,

epicatechin, hesperetin, naringenin and quercetin. Even if

their proportions of total flavonoid intake decrease with

age, absolute intakes either remain constant or increase

(except for young adults because of lower vegetable and

fruit consumption). This study identifies apple consump-

tion as an important flavonoid source for young people, as

is citrus fruit for hesperetin and naringenin consumption.

Hesperitin and naringenin have possible antiviral and

antibacterial properties14 and anthocyanidins have been

shown to exert effects on red blood cells15. It is therefore

conceivable that variations in intake according to age may

have some potential for impact on disease patterns.

Black tea and green tea differ in their flavonoid profiles.

Green tea is richer in epicatechin, epicatechin-3-gallate,

epigallocatechin and epigallocatechin-3-gallate (EGCG)

but has lower levels of thearubigins and theaflavins28.

Upwards of 78% of all tea consumption in Western

countries is black tea, the contrary being true for Asian

countries33. Such variations may have health implications

in view of the specific roles of the various flavonoids.

For example, both thearubigins and EGCG are implicated

in cancer prevention33,34 but EGCG is further implicated in

heart disease aetiology32.

Conclusion

Estimates of total flavonoid consumption such as in the

present study represent a preliminary step in the under-

standing of flavonoid–health relationships. At present, it is

unclear whether absolute intakes of individual flavonoids or

ratios between them aremore relevant to human health. For

this reason, intake studies should report data inboth formats.

Similarly, because of uncertainty regarding the chemical

classification35 and biological nature2 of flavonoids, data on

individual flavonoids should be presented where possible.

Food preparation methods are also an issue to be addressed

in further studies, since there is clear evidence that these can

affect bioavailability substantially28,36,37.

The present study reports age-related variations in the

intake and sources of dietary flavonoids. Cohort studies

are needed to determine if these variations are a

longitudinal phenomenon. The profile of flavonoid intake

seen in Australia from this present study revealed some

differences to estimates from other countries. More

consistent methods between studies are required to

confirm the nature and extent of these differences.
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