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Intake of Phytochemicals by Japanese and Its Health Effects
Melissa Melby, Kyohko TAKU and Shaw WATANABE

National Institute of Health and Nutrition Tokyo 156-8502

ABSTRACT

Effects of phytochemicals on human health are suggested from various animal
experiments, but human study is quite a few. We have made a composition table of
various phytochemicals (polyphenols, carotenoids, sulpher compounds) and tried to
estimate the amount of intake among Japanese population. The data was analyzed in
relation to the various biomarkers, especially of plasma lipids. The subjects were
volunteers (16 males and 63 females, averagely aged 71 and 61, respectively) in Iwate
city. Average BMI was 23 in both sex. Number of hypercholesterolemia more than
220 mg/100mL was 42, and hypertriglyceridemia more than 150 mg/100mL was 12.
Intake of 36 phytochemicals were calculated from one-day dietary record of all intake,
by multiplying concentration of each phytochemical in foods. Phytochemicals at least
taken more than 10z mole per day were catechin, isoflavones, isothiocyanate, ferulic
acid, quercetin, cinnamic acid and chlorogenic acid. Chief component analysis
yielded 12 factors (80%). Only a few factors showed negative association with total
cholesterol and LDL cholesterol. Many factors showed positive relationship with
liver function and TG. Application of these phytochemicals as supplements should be
prudent to avoid adverse health effect. Soy Protein Research, Japan 9, 138-146, 2006.
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Table 1. Anthropometric & biochemical data

BRIZDOWT, 1T A1 BB PR, Pdfl, &k
fH, 75%% A1)V, 90%% 1A VDFEB X O MFH TR
$ (Table 2, Fig. 1). &b &% DO S-methyl-L-
cysteine sulfoxide, S-propyl-L-cysteine sulfoxide, S-
1-propenyl-L-cysteine sulfoxideld, 7=F R &, REAQ
X, BERQX L ERQRETHEPOLOBEBWIL o 72,
Isothiocyanateld, KR (R), Fr Xy, bEUH»b
SCELTW, Ve F iEEhs, P b,
EFEANANNDL, FZATA Y, FL4¥A Y, TV
TA L, RFIEME, ME DML, RESE,
TLEBNPSECEBRLTW, (-)-m¥yar s
¥, (m)-2¥ATFR L, K, v-u sk, F
KDL ENLTWE, suooyr yBlda—e—,
T3, bdI0S, T VIR, T, XY, ©L
Mo, HERBIE, Eualy, Ji3), bLr50E
WA H o7z,

TRIE R b o I EE R RBFICERTE
HEOL ViR AEMEE, EAEAOENED
ZEVKREL, L0000 OEDSEHND Z DD,
D7z, FHEIEL LD, o=k 7 AL, 908
—t VI A NDEI/NSIT UL, TL—FoxtGE L

unit Males Females Total

n 16 63 79
Age y 71+9 61 =9 63 = 10
Height cm 161.7 £ 6.0 1514 £ 5.0** 153.5 = 6.7
Body weight kg 61.2 +10.5 52.4 + 6.5%* 54.1 £8.2
BMI kg/m?® 234+ 34 229 +3.0 23.0x 3.0
Body fat % 21.0 6.0 288 +6.1** 272 6.8
SBP! mmHg 132 + 15 125+ 19 126 + 18
DBP? mmHg 77+9 72+9 73+ 10
AST® IU/L 30 + 27 269 27t 14
ALT® IU/L 25+ 17 23+ 14 23t 14
y-GTP’ IU/L 27+ 14 3326 32+24
ALP® IU/L 264 =76 234 =77 240 = 77
Choline esterase (ChE) IU/L 194 £ 29 188 = 35 189 + 34
Total protein (TP) g/100mL 74 +0.3 74 +04 74 +04
Albumin g/100mL 45+0.2 45+0.2 45+0.2
Total cholesterol (TChol) mg/100mL 228 + 36 219 + 36 221 + 36
Triacylglycerol (TG) mg/100mL 103 £ 55 95 + 49 97 + 50
HDL cholesterol mg/100mL 55+ 9 61 £+ 15* 60 + 14
LDL cholesterol mg/100mL 153 £ 34 139 =33 142 + 34
Blood glucose mg/100mL 94 +6 97 =20 9% £ 18
HbA,¢ % 5.0+ 04 5.0=+0.9 50+ 0.8
mean=+SD

ISBP, systolic blood pressure; 2DBP, diastolic blood pressure;
SALT, alanine aminotransferase; ’AST, asparate aminotransferase;
"y-GPT, y-glutamyltranspeptidase; *ALP, alkaline phosphatase;

Significant difference from males (* P<0.05, ** P<0.01)
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Table 2. Intake of non-nutrient phytochemicals (. mole/day/capita)

(n=79)
mean median max percentile
75th 90th
Carotenoids
« -carotene 0.85 0.7 3.9 1.2 1.9
S -carotene 7.3 6.5 21.1 10.7 14.5
Cryptoxanthin 94.6 0.2 1,547 0.5 5.0
Lutein 7.9 5.1 28.8 10.3 22.3
Lycopene 7.2 4.7 43.0 10.4 174
Zeaxanthin 0.48 0.3 4.3 0.6 1.1
Sulfar compounds
S-methyl-L-cysteine sulfoxide 120 75.3 672 176 321
S-propyl-L-cysteine sulfoxide 189 106 1,244 257 594
S-1-propenyl-L-cysteine sulfoxide 1,018 318 6,453 1,685 2,957
S-allyl-L-cysteine sulfoxide 26.3 0 184 36.8 89.3
Isothiocyanate 37.2 25.5 250 54.4 90.2
4-methylsulfinylbutyl isothiocyanate 14 0 27.0 0 0
6-methylsulfinylhexyl isothiocyanate 2.1 0 125 0 0
Polyphenols
Flavonoids
Apigenin 5.9 0 146 0 5.8
Luteolin 1.6 0 13.5 2.0 6.3
Diosmin 0.46 0 14.8 0 0
Chrysoeryol 0.04 0 3.3 0 0
Kaempferol 7.7 2.1 135 7.5 19.9
Quercetin 70.1 55.1 275 117 180
Rutin 2.2 0 33.6 0 8.2
Narirutin 15.0 0 382 0 35.5
Myricetin 0.35 0 3.6 0.3 1.0
Naringenin 24.8 2.8 546 6.6 12.1
Hesperetin 34.3 0 1,236 0 109
Neohesperidin 1.2 0 31.8 0 0
Poncirin 0.99 0 25.2 0 0
Neoponcirin 0.63 0 8.7 0 3.3
Genistein 133 121 429 187 228
Daidzein 98.5 87.2 336 142 182
Glycitein 44.8 39.9 134 61.5 80.2
Eryocitrin 0.73 0 27.2 0 0
Catechins
(—)-Epigallocatechin 1,307 1,131 6,136 1,887 2,609
(—)-Epicatechin 383 356 1,651 556 726
(+)-Catechin 5.0 0 101 0 20.7
Anthocyanins
Anthocyanidin 20.5 7.0 140 33.0 55.0
Cyanidin 0.94 0 12.8 1.6 3.3
Organic acids
Protocatechuic acid 0.34 0 5.4 0 1.1
Benzonic acid 1.2 0 75.6 0 0
Chlorogenic acid 131 24.0 1,101 237 408
Caffeic acid 105 2.8 1,090 192 365
Ferulic acid 63.9 52.8 198 84.2 112
Cinnamic acid 58.3 20.3 531 51.1 147
Gallic acid 2.5 0 37.5 0 7.5
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Fig. 1. Daily intake of phytochemicals by Japanese.

PELEBRLTWAEVWE W) ZEZERT S, 2hs  F¥, ¥YZATA Y, FA4¥A4Y, Z7)VFAY, 7
D LS HIELL0 pmolel) EOREERARE T FFUYHETHL (—)-TEHFusTFy, (—)-2E)

10 gmolel) FHEM L T 2 HHEMHERNT  TF 0 Tholo. HAEEETIE, suur VB, 7=
&, )72/ —=NVTIE, 7984 FThHr Lt S8, HEEEEA10 molell EIEH L Tv:72 (Table 5-5).
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An7 /A4 FTE—2d%<, SRfLEwTE, S
methyl-L-cysteine sulfoxide, S-propyl-L-cysteine
sulfoxide, S-1-propenyl-L-cysteine sulfoxide,
Isothiocyanate T& - 7.
BN ERRTFORNE & EFEE & OHEE

T4 N I VEERE & AERIEEIE, EROAE L
STV WA E Lz, o774 br 3
VEEABREOB I VTN O EE MG M
Mol FIT, HERES 0L o/2T7 4 M I

A bkrE, ERSHITEIT o 72, ERSITIC
L D 120FactoriZ/r4E s N7z (Table 3). LT, 4
BICL DMELZPFEL, FNENDFactor|Z DWW THE
HIEE L ORMEE Z Az, HEAORO o7
Factor & AR RIRIIER &, MDD SN2 b DDA
%9 (Table4).

Factor 1%, #&7-AE<CE, 7Vv 73>, HDLa L
ATU—=)VEDOMICEE L (P<0.05) EDHBEARE
N7z, PUT IV RO— L EDOMIZIE, AER

Table 3. Intake of phytochemicals and chief component analysis

Element 1 2 3 4 5 6 7 8 9 10 11
Poncirin/1,000kcal 0.965 0.029 0.067 0.070 —0.021 0.032 —0.027 —0.003 —0.003 0.027  0.009
Neohesperidin/1,000kcal 0.960 0.029 0.058 0.049 —0.027 0.024 —0.016 —0.003 0.002 0.025 0.016
Naringenin & Naringin/1,000kcal 0.939 —0.001 0.019 0.064 —0.015 0.004 0.011 —0.015 —0.014 0.027 0.012
Narirutin/1,000kcal 0.712 —0.095 0.108 —0.021 0,027 —0.038 0.026  0.003 —0.047  0.150 —0.039
Apigenin/1,000kcal 0.510 0035 0022 0006 0205 0.212 —0.013 —0.048 —0.039 —0.165 —0.101
j3-carotene/1,000kcal 0.041 0924 0130 0119 0170 0.023 —0.035 —0.014 —0.049  0.124 —0.023
Lutein/1,000kcal 0.032 0835 0.158 0117 0167 0.009 —0.066 0.002 —0.047 0.239 —0.126
Cinnamic acids/1,000kcal 0.024 0784 0024 0189 0.203 —0.008 —0.063 —0.027 —0.083  0.052 —0.083
Kaempferol/1,000kcal 0.007 0622 0131 0.052 —0.073 0.074 0085 0.025-0.08 0.039 0.126
a-carotene/1,000kcal —0.046 0594 0.104 —0.030 0.051 —0.069 0.022 0.005 0.097 —0.145 0.135
glycitein/1,000kcal 0.059 0130 0961 0.079 0.000 0.040 —0.066 —0.012 0.025 0.013 —0.035
Daidzein glc/1,000kcal 0.078 0132 0960 0.087 0027 0.066 —0.072 —0.004 0.018 0.044 —0.044
Genistein+genistein-glc/1,000kcal 0.053 0144 0956 0.075 —0.015 0.045—0.046 0.001 0.015 0.027 —0.030
Catechins/1,000kcal 0.059 0115 0.087 0967 0.007 0.058 —0.061 —0.006 0.016 0.009 —0.028
(—)-epicatechin & epicatechin/1,000kcal 0.059 0089 0051 095 0001 0054 0.025-0.021—0.001 —0.008 0.012
(—)-epigallocatechin/1,000kcal 0.055 0118 0.101 095 0.009 0.053 —0.077 —0.001 0.021 —0.004 —0.033
S-1-propenyl-L-Cysteine sulfoxide/1,000kcal 0.012 0126 0.039 —0.017 0892 0.057 0.010 —0.013 0.152 —0.039  0.160
S-methyl-L-Cysteine sulfoxide/1,000kcal 0.009 0122 0.016 —0.024 0873 0.059 0.022 —0.013 0.127 —0.049 0.344
Quercetin+quercetin-glc/1,000kcal 0.021 0455 —0.054 0.076 0.775 0.074 0.040 —0.011 0075 0.027 0.011
Ferulic acid/1,000kcal 0.010 —0.015  0.059 0.076 0.067 0.940 —0.112 —0.091 —0.003  0.121 —0.020
Anthocyanidin & Anthocyanin/1,000kcal 0.011 —0.065 0.031 0.078 0126 0928 0.045 0.086 —0.033 0.128 —0.072
Caffeic acid/1,000kcal 0.298 0.083 0.068 0.055 —0.036 0.746 —0.023 0411 —0.007 0.122 0.025
Benzonic acids/1,000kcal —0.045 0279 0.132 —0.062 —0.187 0.326 —0.033 —0.023 0.181 0.036  0.094
Pelargonidin-3-glc/1,000kcal 0.020 —0.027 —0.062 —0.066 —0.022 —0.036  0.934 —0.044 0.013 0.029 0.106
pelargonidin/1,000kcal 0.020 —0.021 —0.062 —0.064 —0.018 —0.035 0.933 —0.058 0.013 0.030 0.110
Cyanidin/1,000kcal —0.071 —0.027 —0.062 0.019 0201 0.014 0614 0.268 —0.111 —0.016 —0.225
delphinidin/1,000kcal —0.018 —0.041 —0.033  0.050 0.032 0.052 0.030 0.960 —0.017 0.019 —0.073
Malvidin/1,000kcal —0.018 —0.048 —0.034  0.049 0.018 0.049 0.008 0.953 —0.010 0.018 —0.058
Peonidin/1,000kcal —0.018 0.052 0.040 —0.103 —0.062 0.024 —0.020 0.580 0.003 —0.052 0.102
Diosmin/1,000kcal —0.025 —0.037 0.032 0.015 0.140 —0.012 —0.014 —0.012  0.943 —0.022 —0.060
Eriocitorin/1,000kcal —0.023 —0.034 0.057 0.049 0.149 0.008 —0.053 —0.005 0.929 —0.002 —0.081
Rutin/1,000kcal 0.009 —0.004 —0.110 —0.083 —0.054 —0.036  0.069 —0.024  0.626 —0.051 0.046
Catechins/1,000kcal —0.020 —0.001 0.023 0.056 0.5 0.064 —0.004 —0.046 —0.061 0.845 0.024
Cryptoxanthin/1,000kcal 0.044 0,079 —0.076 —0.079 —0.204  0.097 0.025 —0.040  0.019 0.765 —0.023
Zeaxanthin/1,000kcal 0.101 0238 0.208 0.005—0.017 0.089 —0.124 0.082 0.064 0.642 —0.084

Chlorogenic acids/1,000kcal

—0.002 0115 0.044 —0.017 0.024

0312 0.174 0.025 —0.026  0.547 —0.053

S-allyl-L-cysteine sulfoxide/1,000kcal
S-propyl-L-cysteine sulfoxide/1,000kcal

—0.014 —0.004 —0.068 —0.028 0.133
—0.019  0.007 —0.054 —0.023  0.296

—0.032  0.051 —0.004 —0.090 —0.034  0.927
—0.036 0.059 0.001 —0.054 —0.030  0.910

factor extraction method: Chief ingredient analysis method of rotation factor: varimax method without a normalization of Kaizer

cumulative percent 80.5%
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Table 4. Partial correlation coefficients between phytochemical intake and biochemical markers

Factor Factor Factor Factor Factor Factor Factor Factor
1 2 4 5 6 8 9 12

BMI —0.002 0.250* —0.222  —0.032 0.074  —0.086 0.116 0.060
SBP 0.123 —0.003  —0.059 0.052 0.004 —0.121 0.228* —0.087
DBP 0.005 —0.002 —0.188 0.020 —0.083 —0.112 0.307** —0.029
AST —0.041 0.173 0.002 —0.049 —0.028 —0.249* 0.087 0.057
ALT —0.078 0.233* 0.011 —0.173 0.057  —0.098 0.066 0.032
y-GTP 0.012 0.343** 0.125 —0.076 0.129 0.144  —0.021 0.034
ALP 0.018 0.112 0.285* —0.310** —0.006 —0.101 0.131  —0.057
ChE 0.051  —0.025 0.129 —0.165 0.088 0.063 —0.070  —0.255*
Total protein (TP) 0.252* 0.069 0.099 0.110 —0.074 —0.133 —0.064 0.048
Alb 0.257* 0.024 0.013  —0.069 0118 —0.144 —0.037 —0.011
Triacylglycerol (TG) —0.247* 0.228* 0.055 0.010 0.377** 0.012 —0.103 —0.202
Total cholesterol (TChol)  0.041 0.132 0.052  —0.053 0.109 0.045 —0.095 —0.342**
HDL cholesterol 0.225* —0.143 —0.015 —0.037 —0.129 0.019 0.005 0.103
LDL cholesterol —0.011 0.149 0.049  —0.055 0.026 0.043 —0.074 —0.356**

Factor 1. Neohesperidin, Poncirin, Naringenin, Apigenin

Factor 2. p-carotene, Quercetin, Kaempferol, Lutein, Lycopene, Cinnamic acid

Factor 3: Daidzein, Glycitein, Genistein
Factor 4. Hesperetin, Neoponcirin, Narirutin

Factor 5. (—)-Epigallocatechin, (—)-Epicatechin, Benzonic acid

Factor 6: Eryocitrin, Diosmin

Factor 7. Chlorogenic acid, Caffeic acid
Factor 8: Protocatechuiric acid, Gallic acid
Factor 9: Cryptoxanthin, Luteolin

Factor 10: (+)-Catechin, Rutin, Ferulic acid
Factor 11. Chrysoeryol, Myricetin, « -carotene
Factor 12: Zeaxanthin, Cyanidin

*P<0.05, **P<0.01

(P<0.05) BOMEI R 5 N7z, Factor 213, BMI,
ALP, »-GTP, MU TV AZ)tu—VEDICHEE
% (P<0.05, y-GTPIZP<0.01) FEDHEARE 57z,
SR ICER B2 52 5 LT E 5., AEEIIRD
%ﬂtmﬁmtﬁ\, walAFa—), LDLal X511
Vb IEOMBOMEM A S Y, HDLI L AT 10—
;tié@?l‘ﬁ]iémtﬁﬁvb‘%%ﬂé Es, IMHREEIC

L, EBEEE52 5 LHENTE S, Factor 21213 8-
AuTFyaEEn, BEEROV A7 ELOTEDL

Bbhs, 2ok, 4V 77 KyHE&FNbFactor 3
BEEBLRBRIILO SR8, £ DEARIRIE L
BWhHToOMEzZ Lo L7,

Factor 413, ALPX OICHES (P<0.05) IEDOH
RSO, RIS ALLOERELY RITL T
BEEZEND. KA, Factor 5TIE, ALPE O
CHES (P<0.01) BOMBAR SN, FF#kiEIC%
ALDPORVWEELZRIZLTWE EEZ LN,
Factor 6i&, MU T7 I N7 ) vu—L DI, HE
% (P<0.01) FEMEPSR SN, FREETROLN

144

o lzdt, #alAsyu—) ), LDLalL A5a—)
THEMBEOMEmASH Y, HDLI L A7 H— )V TIdA
OMBEOEMAP RSN SE Z &5, Factor 2& [#E,
MAFREICK L, ZALDPDOEFBELE 2 2E25
N5, Factor 6I12IF) 42 M) ¥, VFRIVAE
Fh, BERBIC AL 2OECEE L5 2 72 L HEH
&N b, Factor 8i%, ASTE Ol 7@5& (P<0.05)
BOMEPR SNz, Factor 91, % , kil
JELOMICEEREOMENR O, JI[LF ﬂf—%ﬁﬁ"’i’
BT EHEMTE A, Factor 121, ChE, #aL X7
O—)b, LDLalLA5Fa— L EDMICEEZEDOHE
BRONTZ.

BEfERE - BEBRREIC LD 7 1 M I HIOERE
Factor 1, 2, 6, 1208¢petE& K23, MmAIEE
WCHEE5 25 PN SN0 T, @HE#H254,

R ME R R 544 & OB IR AR H - HEE O

BEWDD D0k, ZOfFE, Factor 6, 121ICHFE

RENRO LNz (Fig. 2a). EHEESA% & & MUTAE

B HZ254 L ORIZFactor 92D W TRAZ D IFE

KE/-ABEHRE Vol 9(2006)



WEPSEEIZL > 72 (Fig. 2b). 72, Factor 61
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Fig. 2. Comparison of phytochemical intake by healthy and diseased person.
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WS ASETE B 2 I HEMEE T LE 72V FHEY bH Y, #EENIIEGT 2L &0, £
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