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Japanese Intake of Flavonoids and Isoflavonoids from Foods

Mitsuru Kimira ', Yusuke Arai ', Kayako Shimoi 2, and Shaw Watanabe '

The intake of flavonoids and isoflavonoids was estimated based upon a preliminary database
of 40 food items, covering at least 80% of total food consumption. Fifty volunteer women in “I-
City” recorded the weight of all dietary intake for 3 days in September 1996, and received a
health check-up, as well as laboratory examination. The data was analyzed in relation to the
various food factors.

Average daily intake per capita of flavonoids was as follows: 4.9 mg kaempferol, 8.3 mg
quercetin, 1.5 mg rutin, 0.6 mg myricetin, 0.3 mg luteolin, 0.01 mg myricitrin, 0.4 mg fisetin, and
0.3 mg eriodictyol. Total intake from vegetables and fruits was less than 10 mg. 16.2 mg (range:
3.18-35.61 mg) and 23.27 mg (4.62-52.12 mg) of isoflavones, such as daidzein and genistein,
respectively, were taken per day, and total isoflavone intake was 39.46 mg (7.80-87.73 mg).

Chief component analysis on ingested vitamins, flavonoids and isoflavonoids was carried out.
Factor 1 was mainly composed of flavonoids and antioxidant vitamins. Factor 1 was positively
associated with age and the level of HDL cholesterol and negatively reiated to the level of
triglycerides. Factor 2, which was mainly composed of isoflavonoids, was positively associated
with creatinine and uric acid levels. So far, these factors did not show a significant association

with bone density and other health indices, such as BMI and blood pressure.

J Epidemiol, 1998 ; 8 : 168-175.

Non-nutrient food chemicals (factors) carry on various phar-
macological activities in the human body. Antioxidant proper-
ties of flavonoids, such as quercetin and kaempferol, are con-
sidered to attribute to the low risk of coronary heart disease in
western countries »*?, Japanese consume a lot of soy bean
products, containing phytoestrogens, such as daidzein and
genistein, which may lead to the low incidence of estrogen-
related cancers * 9. More than 600 food factors in vegetables
are considered to be effective for cancer prevention through
various influences on the metabolism inside the body.
Accurate estimation of these chemical intake becomes impor-
tant, but an appropriate database for Japanese foods has not
been available. A preliminary database was built in this study
to estimate the amount of flavonoids and isoflavonoids ingest-
ed by Japanese.

MATERIALS AND METHODS

Intake of food factors (phytochemicals) was calculated from
the field study in “I-City” of Iwate Prefecture. This field study
has been continued since 1980 under collaboration with the
local government. In early September, 1995, volunteer house-
wives in fifty families were asked to record the weight of all
food intake and cooking methods for 3 consecutive days.
Their age distribution was from 32 to 68 years of age. The
dietary records were checked through interviews by trained
dieticians on the fourth day when the physical examinations
were scheduled. Samples of 10 ml of blood were also collected
from each volunteer for blood chemistry analysis.

Blood samples were measured for RBC, WBC, Ht, Hb,
GOT, GPT, y -GTP, AlP, total protein, albumin, A/G ratio,
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creatinine, uric acid, total cholesterol, HDL cholesterol, triglyc-
erides, choline esterase, total bilirubin and blood sugar. All the
above blood analysis was performed by the Iwate Health
Foundation.

Physical examinations, such as height, body weight, blood
pressure, and bone density determined by ultrasound (A-1000,
Lunar Co. Ltd., Tokyo), were carried out at the time of the
health check-up. The number of steps per day, as an index of
moving, were also measured by a step recorder (Yamasa
Watch Co. Ltd.,). Physical and blood clinical data were sum-
marized in tablel, 2.

Table 1. Physical Ch istics of Vol Partici N=50
Variable Mean S.D. Min Max
Age (years) 53.0 9.7 28.0 71.0
Height (cm) 153.2 4.8 140.5 1645
Weight (kg) 533 78 41.0 81.0
Body Mass Index 228 32 16.3 325
Systolic blood pressure (mmHg) 124 17 90 172
Diastolic blood pressure (mmHg) 77 12 50 100
Bone density 734 127 54.0 106.0
Table 2. Physical Characteristics of Volunteer Participants. N=49
Variable Mean S.D. Min Max
Red Blood Cell (104 2 L) 4184 312 3120 502.0
Hemoglobin (%) 126 1.1 9.1 15.1
White Blood Cell (10%/ 22 L) 61.9 12.8 330 88.0
Hematocrit (g/dL) 389 29 317 46.1
GOT (UL) 21 5 13 33
GPT (UL) 18 8 8 53
ALP(U/L) 159 37 88 251
Cholinesterase ( ApH) 0.90 0.19 0.51 1.70
y -GTP (UL) 20 10 8 43
Total Bitirubin (mg/dL) 0.57 0.23 030 1.20
Total Protein (g/dL) 74 04 6.6 83
Albumin (g/dL) 45 02 34 49
Albumin Globulin Ratio 1.54 0.18 1.05 195
Serum total cholesterol (mg/dL) 208.5 387 121.0 295.0
HDL cholesterol (mg/dL) 57.7 14.0 300 90.0
Triglyceride (mg/dL) 1172 56.9 34.0 264.0
Glucose (mg/dL) 104.0 21.8 570 154.0
Creatinine (mg/dL) 0.93 0.19 0.8 2.1
Uric Acid (mg/dL) 42 1.0 28 74

The intake of flavonoids and isoflavonoids was estimated by
calculation from the database. Our own database of flavonoids
was determined by Dr. Shimoi ®, and derived from flavonoid
data in foods. Optimization of a quantitative HPLC determina-
tion was employed for measuring flavonoids ?. Quercetin,
kaempferol, myricetin, fisetin, eriodictyol and luteolin were
measured by freeze-dried vegetables and fruits after acid
hydrolysis of the parent glycosides. In some foods containing
rutin and myricitrin, such as bean sprouts, grapefruits, moro-
heiya, onion, tomato and green tea, methanol extraction yield-
ed more flavonoids; but we employed a value for acid
hydrolyzates, because of the more plausible similarities in
cooking and absorption into the body. Isoflavonoid value in

foods was also measured by the HPLC with a diode array
detector and gas chromatography-mass spectrometry after
methanol extraction and hydrolysis, according to the modified
method of Adlercreutz ¥, A database was made from these val-
ues (Table 3).

Each recorded food item was coded, and consumption dose
and frequency were summarized. Food nutrients were calculat-
ed by using the Standard Tables of Food Composition in Japan
(4th revised edition). In addition, values of each consumed
food item was multiplied with the flavonoids-isoflavonoids
content table (Table 1).

Association with the above described variables was tested in
various ways. Principle component analysis was done for
antioxidant phytochemicals and vitamins, and association with
various health indices was searched. All statistical analysis was
performed by the SPSS program package (Ver.7.5.1) after
making a database on an IBM computer.

RESULTS

Food intake of the volunteers met the recommended dietary
allowance for Japanese (Fig. 1). Average energy intake was
1886 kcal, protein intake 80.2 g, fat intake 56.2 g, and carbohy-
drate 256.7 g. Vitamin intake exceeded 150% in most women.

Food composition of the volunteers is shown in Table 4.
About one third was vegetables and fruits. Fifty five vegetables
(15 species), 6 tuber crops (S species), 5 seeds (5 species), and
4 crops were consumed during the 3 days (Table 5). On aver-
age, they consumed 365.7 g of vegetables, 155.5 g of fruits,
217.6 g of cereal, and 58.0 g of potatoes. Per capita consump-
tion of rice, noodles and bread for one day was 203.8 g. Pulse
crops (legumes) was 84.5 g, tuber crops was 58.9 g, and nuts
and seeds were 2.3 g. Oil consumption was 15.2 g - most of
which was plant oil. The older age group consumed more veg-
etables than the younger generation. Meat and milk consump-
tion was less in the older age group.

Concerning vitamin intake, antioxidant vitamin C equaled
117£47 mg/day (mean+S.D.), tocopherol equaled 21.15+
5.48 mg/day, and carotenoids equaled 3.35+1.48 mg/day
(Table 6). Kaempferol, quercetin, myricetin and rutin were
common flavonoids derived from the vegetables. Average
intake of these flavonoids was 16.2 mg/day (range 3.7-48.3
mg). A breakdown of the flavonoids showed the 4.91 mg
kaempferol, 8.28 mg quercetin, 1.50 mg rutin, 0.57 mg
myricetin, 0.28 mg luteolin, 0.01 mg myricitrin, 0.39 mg
fisetin, and 0.27 mg eriodictyol per day per capita. Quercetin
was ingested through the following foods: onions (78.6%),
moroheiya (14.0%), green tea (1.4%), and oranges (0.36 %).
Foods providing kaempferol were apples (4.1%), onions
(5.5%) and carrots (0.2%).

Tofu, miso (fermented soy bean) and natto were main foods
containing rich isoflavones, and average intake of total agly-
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Table 3. Amount of Flavonoids and Isoflavonoids in Foods.

#e/g
Food Name Da Ge  Mytrin Ru Mytrin  Fi Eri Qu Lulin Ka Flav total
Kidney Bean - - nd 4.67 11.10 nd nd 12.60 10.10 18.60 57.07
Green Soybean - - nd nd nd nd nd 0.30 nd 12.30 12.60
Soybean seed 846.20 1106.80 - - - - - - - - 1953.00
Soyflour 654.20 1122.60 - - - - - - - - 1777.30
Bean Sprout - - 129 7.78 nd nd 43.70 1.47 nd 3.26 57.50
Tofu (Momen) 169.00  253.00 nd nd nd nd nd nd nd 11.90  433.90
Silken tofu (kinu) 151.00  225.00 - - - - - - - - 376.00
Packed Tofu 220.00 294.00 - - - - - - - - 514.00
Baked Tofu 175.00  256.00 - - - - - - - - 431.00
Fried Tofu 335.00 401.00 - - - - - - - - 736.00
Grilled Tofu 118.00 317.00 - - - - - - - - 435.00
Ganmodoki 336.00 412.00 - - - - -~ - - - 748.00
(Mix Fried Tofu)
Natto 277.20 327.00 - - - - - - - - 604.20
Soybean paste 116.00 172.00 - - - - - - - - 288.00
(White)
Soybean paste 179.00 278.00 - - - - - - - - 457.00
(Red)
Potato - - nd nd nd nd nd nd nd 23.40 23.40
Tomato - - nd 3.38 nd 0.12 nd 1.58 nd 7.50 12.58
Green pepper - - nd nd nd nd nd 1410 14.70 3.17 31.97
Eggplant - - nd nd nd nd nd 1.58 nd nd 1.58
Carrot - - nd 0.02 nd nd nd nd nd 15.30 15.32
Parsley - - nd nd 216.00 nd nd 7.03 3.09 45.10 271.22
Radish - - nd 0.55 nd nd nd nd nd 3.36 391
Cabbage - - nd nd nd nd nd nd nd 7.20 7.20
Broccoli - - nd 0.56 7.05 nd nd 9.77 nd 16.10 33.48
Moroheiya - - nd 9940  19.30 nd nd 154.00 nd 118.00 390.70
Spinach - - nd 0.24 37.50 nd nd nd 7.13 nd 44.87
Lettuce - - 123 1.24 nd nd nd 4.78 523 nd 12.48
Onion - - nd 237 2.95 4.78 nd 33.70 1.91 14.09 59.80
Lotus Root - - nd nd 5.89 5.80 nd 441 3.61 7.57 27.28
Cucumber - - nd 0.94 nd 0.14 nd nd nd 7.61 8.69
Kiwi fruit - - nd nd nd 2.03 nd 2.07 nd 30.60 34.70
Water Melon - - nd nd nd nd nd nd nd 18.10 18.10
Orange - - nd nd 1440 nd nd 17.50 0.96 31.50 64.36
Peach - - nd 0.54 nd 0.58 nd 1.08 nd 6.54 8.74
Apple - - nd nd nd 26.90 nd 5.27 nd 26.70 58.87
Persimmon - - nd nd 10.60 10.50 nd nd 1.43 nd 22.53
Grape - - nd nd nd 393 nd nd nd 16.80 20.73
Strawberry - - nd 27.10 nd 160.00 nd 6.91 nd 1940 21341
Green tea (Infusion) - - nd 3.12 nd nd nd 1.10 nd 0.60 4.82

Da : Daidzein Ge : Genistein Mytrin : Myricitrin Ru : rutin  Mytin : Myricetin
Fi : Ficetin Eri : Eriodictyol Qu : Quercetin Lu : Luteorin Ka : Kaempferol

nd : not detected
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cones of genistein and daidzein was 39.46 (range 7.80-87.73
mg/day). Attributable rates of genistein were tofu (49.6%),
soybean paste (20.9%), natto (14.7%) and cooked soybean
(14.8%). Foods containing daidzein were similar. Intake of
flavonoids, isoflavonoids, vitamins and carotenoids are sum-
marized in Table 6.

Intake of flavonoids showed significantly positive correla-
tion with vitamin C intake, and carotene intake (Fig. 2ab).
Intake of isoflavonoids was associated with tocopherol intake
(Fig. 2¢).

Principle component analysis of these factors yielded several
groups (Table 7). Factor 1 was mainly composed of retinol,
caroteinoid, vitamin C, rutin, myricetin and kaempferol, sug-
gesting a rich vegetable intake; factor 2 was composed of
daidzein, genistein, myricitrin, eriodictyol, and tocopherol,
suggesting a rich pulse intake; factor 3 showed positive direc-
tion for myricitrin and eriodictyol and negatively for daidzein
and genistein. Association between these factors and food
items is shown in Table 8. Factor 1 was significantly associat-
ed with vegetables, fish and potatoes; factor 2 with legumes
and fat and oil; factor 3 showed positive correlation with noo-
dles and milk, and negatively with legumes. Association
between the above factors and physical and laboratory data of

mean+SD
Energy 1886293 Kcal n=50
Protein 802%118g
Fat 562%11.7g
Calcium 6841195 mg
Iron 11.8+2.6mg
Sodium 120+30¢g
Vitamin A 3128+2589 U
Vitamin B 1.25+0.40 mg
Vitamin B 1.51£039 mg
Niacin 18.8+5.5 mg
Vitamin C 117£47 mg
) )
0 50 100 150 200 250 300

(%)

Figure 1. Rate of Food intake and Required dietary all

Table 4. Intake of Foods in 13 Food Categories.
N=50 g/day capita

Variable Mean S.D. Min Max
Cereals 2176 52.1 109.3 3377
Nuts and Seeds 23 40 0.0 20.0
Potatoes 58.0 454 0.0 256.7
Fats and Oils 15.3 72 13 332
Legumes 84.5 41.2 20.7 198.3
Fruits 155.5 1211 0.0 598.3
Vegetables 365.7 141.6 1173 764.0
Fungi 12.2 14.8 0.0 833
Algae 59 79 0.1 374
Fishes 96.5 356 38.7 199.7
Meets 514 283 0.0 123.0
Eggs 43.7 245 0.0 101.0
Milk and Dairy products 2125 136.2 0.0 570.7
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blood chemistry showed that factor 1 was positively related to
age and HDL cholesterol, and negatively associated with
triglycerides. Factor 2 was positively associated with creatinine
and uric acid (Table 9). Factor 3 positively associated with
body weight and negatively associated with GOT.

Intake of flavonoids and BMI did not show any significant
association (Fig. 3a), but those who consumed more flavonoids
belonged to the ideal range of BMI. Neither intake of
isoflavonoids nor flavonoids was significantly associated with
bone density (Fig. 3b).

Table 5. Consumption of Vegetables , Nuts , Seeds and Tubes.

g/day capita
Categories Spices Foods N  Weight
Vegetables Umbelliferae ~ Carrot 48 201
Parsley 5 0.2
Others 0.3
Cucurbitaceae  Cucumber 46 552
Pumpkin 28 208
Wax gourd 6 38
Others 0.8
Solanaceae Eggplant 39 380
. Tomato 44 650
Green pepper 34 8.4
Others 09
Cruciferae Radish 42 308
Cabbage 35 165
Komatsuna 10 45
Chinese cabbage 5§ 38
Broceoli 9 3.0
Others 37
Liliaceae Onion 40 196
Welsh onion 37 6.1
Chinese chine 9 14
Garlic 20 04
Others 1.6
Zingiberaceae  Ginger 35 19
Myoga 28 38
Leguminosae  Kidney bean 25 1.6
Bean sprout 16 6.2
Green soybean 12 37
Others 14
Compositae Lettuce 22 7.5
Edible bardock 13 30
Others 18
Chenopodiaceae Spinach 16 53
Tiliaceae Jew's marrow 17 15
Others Other vegetables 41 134
Nuts and seeds Pedaliaceac Sesame seeds 23 1.0
Others 1.0
Tubes Araceae Konnyaku 24 107
Satoimo 8 4.7

Convolvulaceae Sweet potato 18 4.7

Solanaceae Potato 41 274

Dioscoreaceae  Yamanoimo 6 5.6

N : number of eaters
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Table 6. Intake of Vitamins , Isoflavonoids and Flavonoids.

Table 8. Association between Factors of Principle Component Analysis and Food Categories.

N=50 mg/day capita Variable Factor 1 Factor 2 Factor 3 Factor 4
Vitamins &Polyphenols _Mean SD. Min Max Number of foods 0332+ 0.047 0237 0.067
Retinol 037 063 0.02 359 Rice 0.085 0.046 0243 0.133
Carotenoid 3.35 1.48 0.84 722 Bread 0.193 0.100 0.109 0.176
Vitamin B 125 04 038 339 Noodle -0.068 -0.141 0.363* 0.017
Vitariin B2 151 039 093 2.86 Potatoes 0329+ 0.059 -0.106 -0.043
Niacin 18.8 55 79 318 Fat & Oil 0.042 0313+ -0.027 0402 **
Vitamin C 117 47 47 280 Legume 0.078 0.800 ** -0.460%* -0.089
Tocapherol 2115 5.48 94 31 Fruits 0227 0.031 0.226 -0.509 **
Daidzein 16.20 7.65 318 35.61 G. Y. Vegetables 0.579 %+ -0.045 0236 -0.138
Genistei 23.27 11.25 462 5212 Other Vegetables 0.510 % 0276 0.015 -0.180
Myricitrin 0.01 0.01 0.00 0.06 Fish 0439 » 0.042 -0.041 0.232
Rutin 1.50 1.68 0.19 7.90 Meat 0.193 0.026 0.051 0.040
Myricetin 057 055 0.00 217 Egg 0244 0.005 0226 0010
Fisetin 0.39 054 0.01 276 Milk -0.023 -0.087 0.358* -0.206
Eriodictyol 027 0.48 0.00 1.94
Quercetin 8.28 6.63 0.46 26.90 *p<0.05 ** p<0.01
Luteolin 0.28 0.20 0.00 0.76
Kaempferol 491 2.84 0.84 12.82

Table 7. Results of Principle Component Analysis.

Table 9. Association between Factors of Principle Component Analysis and Physical and

Flavonoids Intake (mg/day)

Flavonoids Intake (mg/day)

Isoflavonoids Intake (mg/day)

Figure 2. (ab) Association between flavonoid and carotene and vitamin C.
(c) Association between isoflavonoid and tocopherol intake.

Vitamins &Polyphenols  Factor 1 Factor 2 Factor 3 Factor 4 Factor § L
aboratory Data.
Retinol 0.718 -0.170 0.383 0.071 0.335 -
V. Factor 2 Factor 3 Factor 4
Carotenoid 0795 0169 0027 0085 0320 ariable Factor | actor actor actor
Vitamin B 0.439 0.313 0.040 0.135 0.420 Age 0.339* 0.193 -0.050 -0.060
Vitamin B2 0.720 0.081 0.392 0233 -0.089 Systolic Blood Pressure -0.076 0.089 0.056 0.063
Niacin 0.583 0.137 0.105 0424 0.113 Diastolic Blood Pressure -0.209 -0.131 0.087 0.011
Vitamin C 0.831 0147 0152 -0.150 0.007 Height -0:201 0.015 0.082 0220
Tocopherol 0.432 0.626 0.257 0.083 -0.056 Weight 0215 -0.090 0.302* 0.155
Daidzein 0.094 0872 -0.401 0027 -0.085 Body Mass Index -0.137 -0.086 0274 0.045
Genistein 0.091 0.344 -0.447 -0.039 -0.086 Bone Density -0.282 -0.096 -0.048 0.049
Myricitrin 0,071 0.657 0.665 0275 0.089 GOT 0.239 -0.009 -0.331* -0.070
Rutin 0813 -0.141 -0.007 0.173 0.320 GPT 0.009 -0.107 -0.178 0.108
Myricetin 0.751 -0.102 -0.220 0.307 0.164 Serum total cholesterol -0.003 0.143 0.079 0.061
Fisetin 0.064 -0.052 0.325 0574 0.342 HDL Cholesterol 0313 * -0.092 0.068 0.027
Eriodictyol -0.080 0.673 0.656 0273 0.084 Triglyceride -0.307* -0.004 0.202 0.017
Quercetin 0.428 -0.338 0.104 0526  -0.158 Creatinin -0.059 0.406 ** 0.020 -0.051
Luteolin 0410 0270  -0.264 0.379 0544 Uric Acid -0.097 0.309 * -0.155 0261
Kaempferol 0.800 -0.027 -0.036 0217 -0242
Eigenvalue 5323 3071 1871 1382 1.070
Perofvar. 313 187 11.0 8.1 63
curnulative 313 50.0 61.0 69.1 754
y=77.4x+2097 y=2.0x+84.3 y=0.2x+14.2
r’=0.244 n=50 r’=0.170 n=50 r’=0.362 n=50
r=0.494 p<0.001 r=0.412 p<0.001 r=0.602 p<0.001
Carotene (ug/day) Vitamin C (mg/day) Tocopherol (mg/day)
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y=-0.003x+22.8
r’=0.000 n=50
Body Mass Index =-0.009
35
[ ]
30 f---2
e
o
®e
25
% o &.o “
. .' 0
20 __‘....._.!...& L] 9.
.’o ¢
.
[ ]
15 * * * = + +
0 10 20 30 40 50 60

Flavonoids Intake (mg/day)

=-0.05x+75.7
2| 1y
Bone Density ;_"gggg n=41
110 —
[ ]
100
L4 .
9 ol
T 3N .
80 ¥ o _n» * ;
L]
S T3 e |
70 ® o d » [ ]
00, i e®
60 oo e
L L e
50 I 1

0 20 40 60 80 100
Isoflavonoid Intake (mg/day)

Figure 3. (a) Association between flavonoid intake and BMI.
(b) Association between isoflavonoid intake and bone density

DISCUSSION

The importance of non-nutrient phytochemicals for human
health has been recognized %.

In “I-City” of Iwate Prefecture, we have continued a nutri-
tional survey for more than 15 years. The participants in the
study were volunteers with high incentives for good nutrition,
so the rates of nutrient intake satisfied the level of RDA for
Japanese, except for calcium intake. SMR of cancer in “I-City”
in 1990 was 0.93, but that of cerebrovascular diseases was
1.40. . To understand the effects of phytochemical intake on
human health, we tried to estimate the amount of intake of
flavonoids in this area. This research also provides fundamen-
tal data for future study in different areas in Japan.
Isoflavonoid intake was also estimated, because blood and uri-
nary levels were very high compared to the Caucasians V.
Data on the content of flavonoids and isoflavonoids in
Japanese foods had been quite insufficient up to this point.

Hertog et al ' determined the content of quercetin,
kaempferol, myricetin, apigenin, and luteolin among 28 veg-
etables and 9 fruits by Reversed phase-HPLC with UV detec-
tion for estimating flavonoids intake from foods. Quercetin
levels in the edible parts of most vegetables were generally
below 10 mg/kg except for onions (284-486 mg/kg), kale (110
mg/kg), broccoli (30 mg/kg), French beans (32-45 mg/kg), and
slicing beans (28-30 mg/kg). Kaempferol could only be detect-
ed in kale (211 mg/kg), endive (15-91 mg/keg), leeks (11-56
mg/kg), and turnip tops (31-64 mg/kg). The content of
myricetin, luteolin, and apigenin was below the limit of detec-

tion (<1mg/kg) except for fresh broad beans (26 mg/kg
myricetin) and red bell peppers (13-31 mg/kg luteolin).
Seasonal variability was low for most vegetables except leafy
vegetables which have the highest flavonoid levels in summer.

Our data base is still preliminary, but it covers 40 food items
and would cover 77% of flavonoid and isoflavonoid intake
from vegetables, 99.5% from legumes, 58.4% from potatoes,
and 43.5% from fruits included in this study. In the Zutphen
Elderly Study, mean baseline flavonoids intake was 25.9 mg
per day ®. The major sources of intake were tea (61%), onions
(13%), and apples (10%). Rimm et al ¥ reported the average
intake of flavonoids of Americans was 20 mg/day coming
from black tea (25%), onions (25%), apples (10%) and broc-
coli (7%).

Japanese in our study consumed 16.22 mg of flavonoids,
which seemed to be less than Caucasians. Although catechin
was not included in the present study, average tea consumption
was 300 ml, in which the amount of flavonoids would be less
than 3 mg. On the contrary, isoflavonoid intake was much
higher than flavonoids. The isoflavonoid level found in
Caucasians was reported to be low, but the Japanese level was
very high ¥, although inter-individual differences were large.

The health effects of these chemicals are still under observa-
tion in Japan. These could be clarified by a nested-case control
study in the large prospective study ¥. The average intake of
flavonoids was inversely associated with mortality from coro-
nary heart disease and provided an explanation for 25% of the
variance in coronary heart disease rates in the 16 cohorts of the
Seven Country Study ', In multivariate analysis, intake of sat-
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urated fat (73%; p=0.001), flavonoid intake (8%, p=0.01), and
percentage of smokers per cohort (9%; p=0.03) together
explained 90% of the variance in coronary heart disease rates.
These variables were independent of intake of alcohol and
antioxidant vitamins. Average flavonoid intake may partly
contribute to differences in coronary heart disease mortality
across populations, but it does not seem to be an important
determinant of cancer mortality.

The preventative properties of flavonoids are considered to
be due to their strong antioxidant action '9. Hertog et al. ?
measured quercetin, kaempferol, myricetin, apigenin, and lute-
olin in the Zutphen Elderly Study. The relative risk of coronary
heart disease mortality in the highest versus the lowest tertial of
flavonoid intake was 0.42 (95% CI; 0.2-0.88). After adjust-
ment for various factors, the risk was still significant (0.32
(0.15-0.71)). Intake of tea, onions and apples as major sources
of flavonoids was also inversely related to coronary heart dis-
ease mortality, but this association was weaker.

In some reports, however, such benefit was not confirmed.
Rimm et al ™ reported that the upper/lower flavonoid intake
quintile RR of non-fatal cardiac infarct (496 cases) was 1.08
(95% CI; 0.81-1.43) among 34,789 males (40-75 y/o). Hertog
et al 1" found in a Welsh population of men in the Caerphilly
Study, that men with the highest consumption of tea (>1.2L, or
>8 cups/d) had an RR of 2.4 (95% CI: 1.5-3.9) of dying by
ischemic heart disease, during the follow-up period, compared
with men consuming <300 ml/d (2 cups/d). They considered
that adding milk to tea destroyed the plasma antioxidant-rais-
ing capacity of tea. Interaction of these phytochemicals during
cooking and with other biomolecules in the body are consid-
ered important.

The mechanism of the biological effects of different metabo-
lites also need to be clarified. Manach et al *® studied the
dietary quercetin recovery in rat plasma and found conjugated
derivatives of isorhamnetin, 3’-O-methylated form of quercetin
in the plasma from the rats fed 0.25% quercetin. After deconju-
gation, the concentration of aglycones in the plasma reached
120+ 16 ;. mole/l, with an isorham-netin/quercetin ratio of
about 5. In bile and in urine, where the 4-oxo-flavonoid con-
centration were 378+42 and 12819 x mole/L, respectively.
Watanabe et al. * reported the metabolism of isoflavonoids
after intake of 60 g soy bean powder in men, and found that the
blood level reached 4.0 . mole/L. which is much higher than
that of the endogenous 17-beta estradiol level. This indicated
complicated interaction of food-derived phytochemicals (fac-
tors) and body constituent biomolecules taking place inside the
body.

Beta-carotene was once considered to be a representative
antioxidant for cancer prevention, but interaction with other
chemicals should occur. The distinction of various food factors
should be determined as to whether they are real or surrogate
markers for epidemiological study 9.
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