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Many multi-national epidemiological studies revealed that daily intake of
flavonoids was correlated with the incidences of cardiovascular diseases, cancers and
neurodegenerative diseases. Therefore, flavonoids are considered as a group of
micronutrients.

This study established simple and precise HPLC/UV methods to analyze
flavonoids in human urine. After healthy volunteers received native beverages including
grapefruit juice, orange juice and soymilk, glycosides and aglycones of flavonoids
including naringenin, hesperetin, genistein, daidzein and equol as well as their
glucuronides and sulfates in the urine samples were determined before and after
hydrolysis with B-glucuronidase and sulfatase, respectively.

Our results showed that the decreasing order of urinary excretion percentages of
flavonoids were soymilk > grapefruit juice > orange juice, indicating that soymilk
isoflavones have the best absorption. Moreover, the decreasing order of half-lives were
also soymilk >grapefruit juice >orange juice, indicatng that soymilk isoflavones have
restdence time in the body. Given the bioactivities of the flavonoid conjugated
metabolites from these three beverages were comparable, soymilk would be the best
resource of micronutrients than grapefruit juice and orange juice. The highest excretion
intervals of flavoinoid sulfates/glucuronides after taking grapefruit juice, orange juice and
soymilk were 8-10, 4-6 and 8-10 h, respectively.

This study could provide basic information for the data base of micronutrients. The
analysis method established in this study could be applicable for the nutrition status

survey in the future.

Key words * micronutrient; flavonoid; metabolites; urine
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1. Hesperidin (97%)

2. Hesperetin (95%)

3. Naringin (95 %)

4. (+)-Naringenin (95 %)
5. Narirutin (95 %)

6. Equol

7. Genistin

8. Genistein

9. Daidzin

10. Daidzein

11. Polyethylene glycol 400

12. B-Glucuronidase (type B-1)

13. Sulfatase (type H-1)

14. Acetonitrile, LC Grade

15. Methyl alcohol, LC Grade

16. Ethyl acetate, LC Grade

N MR

Sigma Chemical Co. (St. Louis, Mo,
U.S.A)

Sigma Chemical Co. (St. Louis, MO,
U.S.A)

Sigma Chemical Co. (St. Louis, MO,
US.A)

Sigma Chemical Co. (St. Louis, MO,
US.A)

Extrasynthese (Genay, France)

Extrasynthese S.A. (Genay, France)

Sigma Chemical Co. (St. Louis, MO,
U.S.A)

Sigma Chemical Co. (St. Louis, MO,
U.S.A)

Fluka Chemie GmbH (Buchs,
Switzerland)

Fluka Chemie GmbH (Buchs,
Switzerland)

Merck, Germany

Sigma Chemical Co. (St. Louis, MO,
U.S.A)

Sigma Chemical Co. (St. Louis, MO,
U.S.A)

J. T. Backer Inc. (Phillipsburg, NJ,
US.A)

Mallinckrodt Baker, Inc. (Paris, KY,
US.A)

J. T. Backer Inc. (NJ, US.A))
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17. Ortho-phosphoric acid (85%) Riedel-deHaén AG (Seelze, Germany)
18. L (+) - Ascorbic acid Riedel-deHaén AG (Seelze, Germany)

19.6,7-Dimethoxycoumarin (98%)  Aldrich (Milwaukee, W1, U.S.A.)

20.5,7-Dimethoxycoumarin (99%) Aldrich (Milwaukee,WI, U.S.A)

21. Ethylparaben ISjlgsnjdil)Chemlcal Co. (St. Louis, MO,

Wako Pure Chemical Industries. Ltd.
(Osaka, Japan)

Kohusan Chemical Works, Ltd.
(Kyoto, Japan)

22. Hydrochloric acid

23. Sodium acetate, anhydrous

24. Milli-Q Millipore Co. (Bedford, MA, US.A.)

S BBNH
B XK AR MR L3R
4
LC-10AT
BB i &

Cosmosil (150 x 4.6 mm) Waters (U.S.A.)
Apollo ® (250 x 4.6 mm)

Shimadzu (Japan)

B AR AT R AR

LiChroCART® 4-4 Merek (Germany)
PEOP R R ES ;

ot Shimadzu (Japan)
Bt %

Bix4t B Shimadzu (Japan)

SIL-10AD
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Ry Ky *
(—) BHZBERY G
A. B #iitaidt

BN e P HZARE  BRE RN EME 8 INEAFZ
Fit o KAk~ BRAEM AR Aol
B. &4

HAHRETAY  HHEEERAT 1.25kg U250 Kb

ANEEfE o BEEAKS o BAEEARTR v 10L K - TR

AR ERGHR  REAE L B B R AL ASHAKEIOL -
(=) HHFERBZEE

BT ERMBENARRKITSR  AARMEATZ0F -

|, ZHEHEFZHTRES FA0TF -

A B B st
# &% 300 uL > Ao 700 puL F 8% > & 15 min (9,860 g) » B EFR
100 pL » Ao 100 uL F E2E & (42 6,7-dimethoxycoumarin, 40.0
pg/ml) » R4 5 %8 15min (9,860 g) R EFRA LLARE
% 260 UL FEIEAR o ] 20 L EA HPLC 4% » kS ¥
naringin > narirutin & hesperidin £ P32 £ 2 & & @A L E RN E K
FZIRESFEZRA 0 K E KRS P naringin ~ narirutin & hesperidin

z A

4]

bee

B.g#
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(1) Daidzin ~ daidzein + genistin & genistein 2 € &
#on 100 pL - e 900 uL FEZARRE34 9%  #.0 15 min
(9,860 g) - B L&k 180 pl > fuA 20 pL Z R R FEAR
(5,7-dimethoxycoumarin, 20.0 pg/mL) ;2474 * ME4FLE B (0.45
pum) BE -8 20 pL ;E A HPLC 4-# stk & P daidzin~daidzein
> genistin & genistein #2942 £ 2 B E MAF LA KA SR Y24
ERFAAX » K& ¢ daidzin ~ daidzein > genistin & genistein
ZEE -
(2) B&/KA#1% daidzein R genistein 2 & &
#on 1.OmL v Ao 1.0 mL 1.2N B 8£555% » 2L 80°C KB husk 4 /)5
ik £FE 2.0mL - &< 15min (9,860 g) » Bk E5& 100 ul -
AN 100 L T8 .85 (4 S,7-dimethoxycoumarin, 2.0 pg/mL) » ;2
&34 9448 15 min (9,860 g)BIR LA R A LRKRER 60 pL
FELEAF B 20 pL 33 A HPLC 447 s & ¥ daidzin~ daidzein
> genistin & genistein #2945 & 2 sk 8 @A LA AN S RS2
ERFTEA > K% P daidzin - daidzein ~ genistin & genistein

24§ -

2. BARRIBIE (HPLC) 2 47ttt T -
A, % Ej*ﬂi J"— EP naringin » narirutin z}r{%
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245 %4 © Apollo® C18 5 pm (250 x 4.6 mm)

BEia KBTI (78 1 22)

g ¢ 1 mL/min

¥k & ¢ 280 nm

P4 & © 6,7-dimethoxycoumarin (6,7-DMC, 40.0 ug/mL)
B. #pi#& it & hesperidin - narirutin 2 & €

HPLC # #+ £ #) & 4 it 48 F]
C. & % daidzin ~ daidzein - genistin & genistein Z & &

#-# % 4% * LiChrospher® 100 RP-18e (5 pum, 250 x 4.6 mm)
o4 0.1% HEARATR

HERK AT

BOKBAT 8911 (0 min), 82:18 (10 min), 50:50 (20 min), 89:11 (35
min)

MARE  83:17 (0 min), 83:17 (12 min), 80:20 (13 min), 80:20 (19
min), 69:31 (20 min), 69:31 (38 min), 40:60 (40 min),
40:60 (41 min), 83:17 (42 min)

ik ¢ 1.0 mL/min
A& K 250 nm
WAZ % © 5,7-dimethoxycoumarin (5,7-DMC, 20.0 pg/mL)

e
R
bl
PN

bR

VeSS
H B
A% #€ #4 B naringin - narirutin 4 10.0 mg » 45| 24/ & ¥ &

>
;5
—
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BZ o HXBFESOmMLBPASTHER RAEHEERUTFE
#HE 4% naringin 8942 BB E B 156 ~ 313~ 62,5~ 125.0 -
250.0~500 & 1000 pg/mL ; narirutin 8542 E X R B E A 0.8+1.6 -
3.1~6.3 125250 & 50.0 ug/mL « %] BeA% £ 5% 200 L
Ao NFREARZ AR F BRI (6,7-DMC » 40.0 pg/mL) « B 20 L
#& HPLC 7 #t4% » A74% X naringin ~ narirutin 2 ] 42 2 2 % & & 3%
Eo{# > #2 naringin - narirutin 2 & G 4oiB B 4T H G985 £48
BELZF A -

B. #pait

% FE #% B hesperidin ~ narirutin % 10.0 mg: SRRV EF
X BEBE SO mL BPARTAER - RETIHFEBUF
B2 4% #£ » 1% hesperidin - narirutin R REEREESL08-1.6-3.1 ~
6.3~12.5+25.0 & 50.0 pg/mL © % 5842 5% 200 ul » Ao A2
BAZAREFEER (6,7-DMC, 40.0 png/mL) - & 20 uL &
HPLC 5-#71& » PR4% 2 hesperidin + narirutin £2 Py 42 3 2 3% &% & #%
oAl > # hesperidin - narirutin 2 & S.40 i B 47 B 93985 K42
BWERZ IR -
Cajk

B %% % # daidzein & genistein 2 &o.&% 5842 & du KB B
SRR AKARRT ~ B R B L E %5 -
(1) B KA2AT daidzin - daidzein ~ genistin & genistein 2 % &

AR A IR daidzin ~ daidzein - genistin & genistein £ 1.0 mg
ARATEEZ  $REE 1.0 mL ARHER - RBEHAE
RINF B E FHHE > 1 daidzin ~ daidzein genistin & genistein 42
ﬁ@ﬁ%&%Q&L@lb&%&jiﬂrmﬂaim0%Mb
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$AE RO A IR O AZ AR 180 uL » Au A 20 pL Z AR E
@ gk (5,7-DMC, 0.20 mg/mL) 4 ° B 20 pL & HPLC o-4%
%o MRS RASANEEZ HERHLE  BASREZZR
BEFAL%EN  RESATZHREZIAL -

(2) Bk #2%% daidzein & genistein Z & &

a7k #5 1R daidzein & genistein & 1.0 mg » 747 LA F 855
Zz  BEREENOML AFFER - BBEHFERATHETE
# 12 » {# daidzein & genistein % 0.8~1.6+3.1-6.3~125-25.0~
50.0 & 100.0 pg/mL - 3§42 B8R-S B BGRS1R 8% 180 L
Aox 20 pL z P98 & F 818 % (5,7-DMC, 0.20 mg/mL){% » He 20
ul & HPLC f 4744 > M2 B RS ANRE R R ERHILE
BEEEPRESZEAERFEAKENF  KBEEATIRMELKLTRZ
;—g(‘ o

4 RHAGR T EZHHH
(1) # % & (Precision)

BARREZERER NEABRA-F BAEH=ZAZER
Ml &84T —REBH  REBAAFEEDHMLEARANLNTEFE
FAGHTRA > KRBERHTRREME B REFH4E

(mean)- 4% # 14 # (standard deviation® S.D.) & % & 1% #(coefficient

of variation * C.V.) ©

- (2) E&E (Sensitivity)

BRELEE-—BHE AZRASAEMRZLEAAIHZREAR
B EAG PR -
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(3) # &k K (Accuracy)

ZREBAREZAEORTRAGFEFHEAEAEGREERZ 48
#} 3% £ (relative error) & 7 2 ©
(4) E¥ % (Recovery)

A Bt

R R naringin & narirutin 22 8 H A T#H% 300 L 5=
7 0 o Bl 4o iR B 44 naringin (15.6 ~ 125.0 & 1000.0 pg/mL)
B narirutin (0.8 ~ 6.3 & 50.0 pg/mL) 2% &2k 700 uL R E R
40 B0 15 min (9860 g)7% » B EF ¥ 100 ul » 24 900 L ¥ &4
BOoREZREGHE R 200 uL S AEBHNEBETEER
(6,7-DMC > 40.0 ng/mLY):E 4% » SR ERA | 548 5 &0 15
min (9860 g) * K& S H B A E & > HIHLEATIF X naringin &
narirutin Z 3 hu E MR A C Ao AZ R SR BB A B Y E o
B. #psit

BERGHM TR EZ M EARE DR LA S
ANZBREHHBHCLEE (0863 & 50.0 ug/mL) # hesperidin
A narirutin & & LB % o

C.g#

B &R % daidzin ~ daidzein ~ genistin & genistein 4§z & # 2
REUGRM S 300 UL & =4 > Y A NS4 T 4ol B OISR IRk
700 pL 3k & R4+ 8.0 15 min (9,860 g) 7% IR _E#F % 180 uL -
FaN 20 uL WAR S FEE55% (5,7-DMC » 0.20 mg/mL) 48 3882 1
min » &R # 15 min (9,860 g) » K& NI B X E - Wit Brrig
X ER RSB ERL L RGP AR
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(Z) BRAFEHEZRKE

REGBESREZ(FHrTa: BT 4 1% 25 gt
B BM6L kS EL 5 km EH6L M3 L) EFRNN
20~30 B ~ B E NN S2~T8 N F  B— 52 e A 1Lk E 0 GOT ~ GPT »
BUN A creatinine ${{E 3£ EFEE M - Toirar—# > B Hdita 4
B2 AR RN AR SR 2RIBRE A LRE
HUEBRN GF - FHRA—RBLTHRALER  EREAKRANL
g% R EEQRRSML . RREETHAR » £ 20 54ERB %
(H HAbita - 800 mL ; #pdestsa 1 1000 mL ; S 448 : 800 mL - 484
A 100g AFE) 4/ NEFEFTER -

BREBEAEM 0-2~2-4~4-66-8+8-10+10-12~ 12-24 ~ 24-36 & 36-48
N R EABBEZER > BRARTIHEEESELBEL &
B 20ml 2 ik 0 BEA-30C A RMEP BT - g -

(@) ZRTFFABRLLESERBHZ5H
L EHREY
A.# ## it ¥ naringenin 2 2 &

A FEFS B naringenin 5.0 mg» AP EFEEZ » L5 F 10.0 mL
BETRER - M ERATEAER—AFEE (039-1.56-3.13 ~
6.25~12.5~25.0~50.0~100.0 & 200.0pg/mL)  BRE&EE 2 Z & E % 100
pl Aw?2 & F 900 pl » % 4 naringenin Z RAZR % > BESMNE
004-~02-~03-06-~13-25~50~10.0 & 20.0pg/mL « BG4 85k
300 uL v 100 pL 4485k @H = 5.0) RIIEbse SO ul (150.0
mg/mL) BAREIREE LA 5R4 s 50 uL 0.1 N B & & 500 ul Z
BR L5 (2 2.0 ug/mL 5,7-DMC) > RRPTIRE BKE 20 4 580
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(9860g) I5min- LB TER - B AR » 250 uL B Sh4a:5 4 -
B 20 pL 4% HPLC %#f - #74% naringenin S8 P38 5B 2 i o & 4% 1o {4 2
naringenin €4k KT A L@ -

B. #p45 it #48 hesperetin & naringenin % % &

R LK BT aEE BEERS095-1.9-397.8-15.6-
31.3 ~ 125.0 ~ 250.0 & 500.0 pg/mL =z hesperetin & naringenin -

C. &4t# ¥ daidzein - equol & genistein 2 & &

H AR daidzein~equol A genistein % 1.0 mg+ 1 ¥ §i 2 -
EEEE SO mL BEFER - BEHEERATHRBERAFLE
(32~63-125-25.0-500~100.0 & 200.0 pg/mL) - REREZEE
A 100 pl Ao 2 & fk ik 900 uL » # 4 daidzein equol & genistein Z
EBR  REANH A 03406132550 100 & 20.0 pg/mL
BRAZ 287 400 pL Ao 100 L & #&5% (pH = 5.0) BRI eit 100
WL (100 mg/mL)» B IR E B F 528 o 600 Bl ZEE 7.8 (4
5.0 pg/mL ethylparaben) » f 3% % i % BIRE 20 % ShEE (9,860 g)
[Smine BB TER A EAKREE R 1200l FERAZ » ] 20 ne
¢ HPLC 447 - #7482 daidzein - equol & genistein $1p94% & 2 8
@A LA daidzein » equol & genistein ZRERITHKEE -

2. AR Y HBBEALIRE

A B &Mt aimipssta

&5 B 2 3 300 pL» Ao A buffer (PH 5.0 2 & % :5.%) 100
ML RS £ 88 50 pL (150 mg/mL) » #3%% 45 38 BLEERA% £ 50
HLOIN B8R 500 pL Z.85 285 (4 2.0 pg/mL 5,7-DMC) » 44 35
BBRE 20 % 5% 15 min (9860 g)  MZELZESE » M 8 4%
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4% 0 oL SO L B8 a AR » B 20 ul 4t HPLC 447 -
B.gism

B &k & 2 Sk 400 ul - Av 100 pL &% % pH=5.0)%
Fdi & 100 puL (100 mg/mL) ER R ERE S L2 RS o 600 pL
785 7,85 (4 5.0 pg/mL ethylparaben % P942 %) ARERE J K% 20
18 Bk o (9860 g) 15min: RZE AR » A RARKLE > & 100
ul ¥ EEA A7 - B 20 uL 42 HPLC 447 o

3. R v B AOEKRSMZEE
AJ i itasipiita

BB & 300 ul» Au A pH 5.0 X & #5%& (4- %14 1000.0 units/mL
z_sulfatase ~ glucuronidase) 100 pL & 473§ s & 50 pL (150 mg/mL) -
REEREBLESRSE N ITCLERAMIKRE | hoF - 24K
oS0 uL 0.1 N EBES R 500 pL Z 8 L& (4 2.0 pg/mL 5,7-DMC % 59
ZEY BRERESKE 2084 > H&w 15mn(9860g) » BT
B LEs /B » B RLAREIE - A SO uL B E485AF 0 Bk 20 uL 4t HPLC
AH o

Bafa

B ER & 400 uL » 4% Av sulfatase ~ glucuronidase (&% pH 5.0 =
EB1E% 0 7514 1000.0 units/ml 2 sulfatase ~ glucuronidase) 150 uL
B s 100 uL (200 mg/mL) » ARERB B Lo RA 1%k 737
Cz 58K F (sulfatase : 1 /v#% - glucuronidase : 2 /) 8%) + 2 4% fo
100 L 0.1 N BB & & 600 uL ZB% Z&&(4 5.0 pg/mL ethylparaben & 4%
£)y ARETHREBIRE 20 £ SRES 15min (9860 g) » ML LB
B B RACRELHE 0 A 100 ul B EhpraiEag 0 B 20 ul 4t HPLC 4041 o
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4. & ARADR M ¢ AR A

A, B EMTa
B4 % ¢ Apollo” C18 5 um (250 x 4.6 mm)
#i& ¢ 1.0 mL/min
¥R & © 288 nm
A # © 5,7-dimethoxycoumarin
B8 RTHE0.1% S5 (36 64, v/v)
B. #piEiti |
B # %  Apollo® C18 5 pm (250 x 4.6 mm)
#i& © 1.0 mL/min
A% & 287 nm
AR £ © 5,7-dimethoxycoumarin
#BEAR D PR T 0.1% BiEk (17:26 1 57, viv)
C. a%m
##7 % 4% © LiChrospher 100 RP-18 ¢ (5 pm, 250 x 4 mm)
B8 D 0.1% BEEAK - LT FE (6426 10)
#ik © 1.0 mL/min
W& & © 230 nm
PAR 3 © ethylparaben (5.0 pg/mL)
O. W H ik X A

() HEE - B - Bk
2) =k &

A Ewita

23



4 naringenin CERMN FERRER » 25w AE G5 300 uL Bk
¥ 84 0.04,1.25 & 500 pg/mL R ZHREEZH 0 AARBZRRE
BRZREDHLEARREREZAKZRERZ B FTHLE FAD
FE
Bgita

SEHMITBEEEEES KA 08, 63 R 500 pg/ml =

hesperetin A naringenin °

Caka

SHEMTRARERZELNS 3.1, 125 & 500 pgmL =

daidzein ~ equol A& genistein °

6. BIFERE R G 44

LREBRAR T 2 &7 RES LR B sulfates 8 glucuronides
Z HEH & A A Sigma-minus F ik UERHEX A AHEANY)EFEX)
A REHF > FHEK) AN 2=0.693/k » BPARHERR 1B 1) °
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-~ ERXBHE
(—)EHFRRBAZEE
1. # #4dit ¢+ naringin ~ narirutin Z £ &

AR M4 T HPLC 7 ik 4-#1 & & #47T + Z naringin ~ narirutin
naringenin ~ quercetin Z.Aﬁ » KRR T (78:22) A AB A
4 6,7-DMC B P42 > B4 &TH 25 FERTATH - ERERDH
#4 it ¥ & 4 naringenin ~ quercetin » {4 naringin $1 narirutin F4& ° 447
B iTiRAHZ naringin AR ELFEKXSL y = 0032 x + 03240 (r =
0.999) ~ narinrutin 2 & F £ X A y=0.0690 x - 0.0010 (r = 0.999) » &>~
naringin 12 # &8 & £ 15.6 ug/mL £ 1000.0 pg/mL ~ narinrutin 32 £ &8
B 08 ug/mL £ 50.0 pg/ml 2 & BN EF RIFRMEME - S F k2
BTN EEREHEE %1% > 4o Table 1-1~1-2 A7 7~ » Naringin 5] B
Fo R BB EAES S 1.9%K& 1.8 % ; narirutin ] 8 i 0 £ A [
Z G BB 4.0 %R 4.4 % o F &4 F naringin & narirutin &
WE S5 B 94.6~101.5 %K 93.7~102.3 % » 4» Table 1-3 ~1-4 fRs7 « &
REBTIWHHKZ DU ERAF - 5 4> naringin 2 LOQ & 15.6 pg/mL »
LLOD 4 0.02 pg/mL ; narirutin 2 LOQ % 0.8 pg/mL » LLOD % 0.04
pg/ml -

REHRBTH BT+ naringin 4¥% 593 + 7.6 ug/mL -
narirutin 2 & & 32.3 £ 4.8 pg/mL -

2. #p#E it F hesperidin ~ narirutin 2 € &

AB R ME HPLC # k5 #48 it ¥ 2 hesperidin * narirutin
naringin ~ naringenin » hesperetin Z5F  EFrEK (22:78) &b
BA5oin 0 sL6T-DMC B M4Z » B—HRETHN 25 » BN RO - &
R BRI ¥ K4 naringin ~ naringenin ~ hesperetin - {# 4 hesperidin $2
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narirutin 75 & * /& 47 B 4o Fig.2-1 A% o 447 #p48 i 4 ot . hesperidin &
g r XA y=0.140x - 0.047 (r=0.999) narinrutin R ELKL T LA A y
= 0.069x — 0.001 (r = 0.999) » 87~ hesperidin - narinrutin % & & & % 0.8
pg/mL % 50.0 pg/mL Z & B 7 % H RIFEM M - 247 F iR BB BT
B EERESERE % » 4o Table 2-1~2-2 Fi 5% - Hesperidin E] 8 4w & B
Rz 4 B AR %] 1.9%K 1.8% ; narirutin B B Afv R A2 % £
18 5B 4.0 % B 4.4 % o #81 P hesperidin & narirutin B 42 % 2~ %]
#943~97.2 %& 98.2~104.3 % » 4o Table 2-3 ~ 2-4 % » #HRETH
Wh 2z EE B B4 LOQ A 0.8 pgmL - LLOD % 0.03 pg/mL ©

& B4 R BT+ ¥ hesperidin 48 % 28.5 pg/mL > narirutin 4
¥4 6.1 ug/mL -

3. § 4 ¥ daidzin ~ daidzein - genistin % genistein 2 & &

# A HPLC # i+ % ¥ & % ¥ daidzin-daidzein~ genistin # genistein
z A% R 8 K #E 1% daidzein # genistein Z 4 F - AN T ERTTAM
MMEMA MIUABENRAF A KE2EBHLR R » daidzin
daidzein - genistin $1 genistein Z E FTH# 35 2 ER TR ° BT E
4o Fig. 3-1 % o Bk #24% daidzein £ genistein Z & & 5T # 46 2 4% 19
ERAW 0 BA B4 Fig. 3-2 /7 « RERBESHRAZE R EDHLL
BAY S ERELZREAX BEFEARLEE » KEEATIRE
BH A RABM AR

A. Bt /K #AT daidzin ~ daidzein ~ genistin $1 genistein Z & &

Daidzin Z # ¥ 4 2 Y=0.208 X + 0.032 (1r=0.999) ; daidzein Z 4
F4 4 Y =0.330 X+0.017 (r=0.999); genistin Z ¥ & 4% & Y=0.233 X-0.022
(r=0.999) ; genistein Z 4x &4 4 Y=0388X-0.017 (=0.999) ; EiEE % &
1.6 £ 100.0 pg/mL 2 B A RFSKMWME - oW F EZBERERERR
J& > 4o Table 3-1~Table 3-2~Table 3-3 & Table 3-4 Af 7 - Daidzin~daidzein-
genistin £Z genistein Z F A NP E B M2 # R4 % I N 10% - A H
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B4+ daidzin-daidzein- genistin & genistein 2 BT % 23] & 89.1~97.2
% ~84.2~93.5 %~ 81.9~90.4 % & 81.9~87.1 % v Table.3-5 - Table.3-6 -
Table.3-7 & Table 3-8 A7 » b4 » daidzin ~ daidzein ~ genistin & genistein
Z LLOQ % % 0.6 ug/mL » LOD 4-%| % 0.02~0.01+0.02 & 0.01 pg/mL -
HUERBAERASHARIBEL - BHERBDURES R -

B. /K #2% daidzein $ genistein 2 & &

Daidzein &) 3F % &85 2 4o acetyl daidzin * malonyl daidzin # &
M IR AEJK AR AL, daidzein M@ BFRUC > 1B HRBFEZE L » Btk
KR P 3 X F L FLEE R - Daidzein 24 &% A Y =0.221X - 0.019
(r=0.999) ; genistein 2 &4 & Y=0.240X + 0.016 (r=0.999) ; H ik & &
# 1.6 £ 1000 pg/ml 2 B H RFEWME - DM I EIHEERE
#E K » %o Table 3-9 & Table 3-10 #75& - daidzein £ genistein % [ 8 v
FARZELEGEE PN 10 % - # X5 ¥ B& P daidzein & genistein
Z B E 555 81.2~905 % A 78.9~81.1 % » 4o Table.1-11~1-12 #f
7 o #k g » daidzein & genistein 2 LLOQ % 4 0.6 ug/mL>LOD % 2 0.01
pe/ml - HHBERBARTWASGZHELE - BHEEREKERRSE -

FREEERBT 8 KMAT daidzin- genistin - daidzein ~ genistein
Z2EH A 1248-356.4~31.8 & 134.8 pg/mL > ) & K A244 daidzein
genistein -2 8 % %] & 365.2 & 351.0 pg/mL 857 daidzein & K A4 8 &
HERIE Am BASTER T daidzin #h> % T#L69 £ 46 daidzein 2 Beas 84 75 4 -
M genistein K AR 7% 48 8 k £.3% ho » BAT & genistin SU S Y BCEE B T 4
KRBFR A EEHR - Rt AR S5 EEHNAS B LM T ESD
Moo B— & & daidzein 2 H b B EEEY FREBREITFA TR B SE

(Z) R P REAEY TR A S BRI S0

l. mEfeH
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AHgwmita

AR 0 kM &b 4 B IL sulfatase $ glucuronidase K ## > A5 H
¥ »_ naringenin sulfates & naringenin glucuronides &8 #% sk, naringenin > 7K
ML BELEEILE  BA A BRI > A LB L EE R naringenin o &
A A% F H A ey HPLC i % € /&R F 2 naringenin 24 0.1 % #4854
FFH (36:64) HBEHAE - B—ARRHTN 15 AT R ik
kit

¥R & 2 naringenin RELZX TR A S y = 1.1567 x + 0.3141
(r=0.999) » # R 8~ naringenin & B 4E 0.04 pg/mL £ 20.0 pg/mL 2§
NE RIFRMERM G M R 2R B RET R EERERE o Table
1-5 FF 5% ° Naringenin 5] B Afv & B Bl Z 8 B 480 /17 65 %R 5.5
% o Bk ¥ naringenin B & & 92.6~103.7 % * 4o Table 1-6 Fr-7 ° bt
BRBTRyMAKZIETRE  EHEREELEYE R - F I > naringenin
z LOQ & 0.04 pg/mL » LLOD 4 0.02 pg/mL -

AR A A2 HPLC FiptagontwaTevmt £ 2 A 5@ - R
KA d 17 phedsEmas 1 mBRTRAR Y HEMR sulfatase
& glucuronidase 7KA%Z + LhAER AR E—B5KAE » Tt — & T A& sulfates
# glucuronides —#F 4 4 B X MY HALFAR BN ZBAHE - K
ERBET @ HARALEE > SHI&Ee THaREENLHR
BB~ AR B
B.#p#s it

AFF T S 48 B R M o5 4 %) B4 sulfatase $2 glucuronidase K A% 0 #§ £
¥ 2z hesperetin sulfates & hesperetin glucuronides &% # 5%, hesperetin; ] 85
5 #% naringenin sulfates & naringenin glucuronides &g #% s%, naringenin »> 7K
R B EEAILE > BARASERE 0 B LBk LE 2 % 2 B hesperetin
A naringenin - F i AR K F 4569 HPLC F & & ¥ Sk ¥ 2 hesperetin
# naringenin $X 0.1 % B8/ T/ FEE (17 : 26 SHZAARAHE
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18 - BEARRA ZHEHRAMAE » 75 H A hesperetin $ naringenin
ZmERREmAE  FRAA 01 % BAERARTFTRRTE $ a8
 hesperetin #¢ naringenin /& %5 48 + Bt A 0.1 % e/ R S/ F Bz
RERHBEHAR » H—ABRDTH 25 78R ETHR  FEBEHBE
R ¥ B 4 Fig. 2-2 fow -

7 ¥ AR 56 Z hesperetin R FHF XA v = 0.715 x + 0.186
(r=0.999) ~ naringenin R EXL R X B y=0.617 x + 0.043 (1=0.999) » &
R AaT hesperetin ~ naringenin & & % 4 0.8 ug/mL % 50.0 pg/mL z § B
NAE RIFEMEM B W T h XA ER BT B EE RS > 4o Table
2-5~ Table 2-6 Ffi 7~ - Hesperetin F] B Wfv £ B M2 % B 4230057 9.3
%& 9.1 % naringenin F) B W0 & B R 2 % B4 5 5/ 7 9.4 %R 8.6
% * Bk F hesperétin A naringenin B E 55 A 942~1014 % ;
95.5~100.8 %o Table 2-7 ~ Table 2-8 i+ - b RHBEAR N A2 BT
B~ BHEEBEUEY RIF - 5B b > hesperetin ~ naringenin 2 LOQ % 4
0.8 pg/mL > LLOD 43| % 0.03 pg/mL & 0.04 pg/mL -

AHRPAR 2 HPLC Hikia 8ot aaT oo 218 4 (4 « imig -
RS 17 N SEES 2 0w ML RATRARS 2SR sulfatase
A glucuronidase 7KAZ - thAC AT AAE—BRAKMR » TE—F T A sulfates
2 glucuronides =4 & & & R Mt 2 7 4 Eofl BAB B 228 PO 89 46 « ek
RABRH @ RANHARABE ML BT be > T laiR BB PN 55
B RAL ~ ARBHEL B -

TR SR EL > 857 daidzein - equol - genistein ;& & 4
3.2 ug/mL £ 200.0 pg/mL 3 B M4 B4 M M1 - FTRANTHNEY =
0.335 X - 0.055 (r= 0.999) * Y =0.306 X - 0.029 (r=0.999) ~ Y = 0.325 X +
0.007 (r=0.999) o ¥ 7 % 2 4 A B B EREFEE > 4o Table 3-13 »
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Table 3-14 ~ Table 3-15 £f 57 ° Daidzein ~ equol ~ genistein {£ ] B P32 8
BEHEANN AT % 25% 43% BBRZHEAHE N B80%9.6% -
9.0% o B P daidzein - equol ~ genistein B4 F 5% A 97.1~100.5 % -
94.7~95.4 % ~ 94.3~96.5 % » v Table 3-16 ~ Table 3-17 ~ Table 3-18 £7
7« LOQ % 0.1 ~0.2~0.2 pg/mL » LLOD % 0.02 ~ 0.03 + 0.03 pg/mL
BEBTIMAGIHEE - RRERIH T EZEARFSTRYS -

2. R P RBABRYAZIEE

AfHiita

# H 4 ¥ 4 naringin ~ narirutin ¥ S AEEEEEE - AP RZAE
A LRBEHH M EENEN S &R naringenin 2 & 4 8 K H
o FEERBBZAEY TEFAHRARN AT LARFOR
naringenin®?% fo X Bz R & —F -

B.#p#e i 4

#p#< F E 4 hesperidin ~ narirutin 4 E A SRELAE R - KA R Z AT
) h SRR SHEMN N 4 #40 mg, hesperetin £1 naringenin Z 4 4
RAMY ) REfRBRZIEY  THEFAHANAT  BEXR IR
hesperetin*® g % 7 © AR naringenin™Vig o ¥ R R E — % -

Caifa

g % 4 daidzin - genistin - daidzein - genistein % £ ¥ & -
AR amsb 8 HPLC 47 » AR F BB EFAH L sAREE &
R ARAR -

3 R P HBBEAEARS 2 ES



AEMHiTa

AL 3 E 4k A &) & #7144 2 naringenin sulfates - glucuronides 2 {8
PIAMIELE SR EZ T (% of dose) » % %/4w Fig. 1-3 ~ Fig. 1-4
Fiw o SR RTHRE NGB ETAHFZ AN (% of dose/h) + 4o
Fig. 1-5 Fro% o

Naringeninsulfates & glucuronides 2 ¥ 4 {18 4 3.5 & 3.7 /"85 » 3k
RELEA100% R38% AL SI0 N FMMLEERS - THBA
RABDESTRRARINBASETREEENEEET N - K8 F
S naringenin MARZ AL ARMGLEERER  BEREREA
ZIEHBEERRK -

B. #p#sit s

+ A R R E B Hp 45 i+ 4% 2 hesperetin sulfafes » glucueronides &
naringenin sulfates ~ glucueronides 2 E##k & (umol) 4o Fig. 2-3+Fig.
2-4 B Fig. 2-5 - Fig. 2-6 A7t « T3 RAAH L B4 BI R 2B H b (% of
dose) » 4o Fig.2-5 & Fig.2-6 Fi 7 o &85 5% T34 46 652 HE ik B 45 # B 2
Btk (% ofdose/h) » 4o Fig. 2-7 fi % o

Hesperetin sulfates & glucuronides 2 % 4 #j% % 2.9 VB HERR R &
#3.0% &09 % : naringenin sulfates & glucuronides ZFEAEIE A 18
+ﬁ’#%$%w%12%ﬁa3%°&m&¢6¢ﬁﬁﬁ&%%%°
SLERAATIRE RMATRRAATH T hesperetin &4 A £ 4 2 4
%ﬁGH%=§£$knEAﬁmm&ﬁzﬁ%$(%M)ﬁ@ﬁk
(5.3%) 48k » 48 & Rk o Mp# it & 4 narirutin bLAL & & 457+ F naringin
BB BRARAR (2.5% vs. 13.8 % ) -

C. 38w

nm%ﬂ%nmiﬁ&’m&%ﬁ&%ﬁé&&zﬁ%mﬁﬁom
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WM L& HPLC 2 #4830 /& + B & A& 2 daidzein~equol-~ genistein
oy R ARSE - B L E SRR 2% 24 glucuronidase A& sulfatase K% > 435
£% Bk & P daidzein ~ equol ~ genistein Z glucuronides & sulfates 2 i & o
MABEREREZSRZIAE - BpAHH E(umol) - Bl E RIKE KL
Fr 4% daidzein ~ genistein Z 8t E - M2 RE XM Z EHRIEL B
B2 2 H 4tk (9% of dose) » 4w Fig. 3-3 ~ Fig. 3-4 ~ Fig. 3-5 » Fig. 3-6 »
Fig. 3-7 B Fig. 3-8 A » £ RA L& P45 X B BRI EXTE
At (% of dose/h): 4w Fig.3-9+Fig.3-10 & Fig.3-11 # 7% » tt.#% daidzein-
equol + genistein Z_ glucuronides # sulfates = 3k i € » 887~ sulfates 84 8§
& # glucuronides °

Daidzein ~ equol £ genistein = s, 4 & glucuronides & sulfates = F
¥ B HE R & 4% 4o Fig.3-12 ~ Fig.3-13 & Fig.3-14 A% » Z s K84
HE & 4 o 2 bk $ 4o Fig.3-15 A% ° Daidzein ~ equol ~ genistein Z sulfates
ERMBESD LB/ EZ 255 %~ 11.0 % & 89 9% » @ glucuronides
EHHEEEI N EREZ17T4%~60%R65% -

AHETFHER ARt 2B FAEEGERB 144 sulfates & £
f glucuronides % 7 ' bR K B AM K A & AR T 2 & £4815 o Patricial™®
ZHRABRETEL  ABEFORAKIEFERE ATz daidzein -
genistein B &1 %0 WREARMTER B BARSGERS
% & » B glucuronides 45 72 % + dn sulfates R4k 24 % » SPL R F 2
4 R R - 48 ¢k 0B P 1L sulfatase 100 unit/mL 7K #2 3 h £ % & sulfates »
T RE B 42 A 2 sulfatase JR B iBK » @ FBRAKE T X #i4h sulfates 2
g o AFR AR 8 F £ 8 sulfatase & S -glucuronidase » 4 5] LA 5k i
B AT KRR E > PRI EE R 8 A Bk -

sboh 0 R R BRI A S A equol 2 sulfates ~ glucuronides 7
o f & daidzein K3t R« AHE A A2 R A 30~50 %y Afk
daidzein 3 equol ™ B R b a5 BT K f A RHTH £ 3R
HEH equol EHBRBPHEANET > HWHERBABIEAM - X
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RBP4 Y equol EAMABE TRV TR Grrta B B g
(HPLC-MSMS)n-# 2 & » BT RYMAASHLF EREARPT . 1
BX ¥ 4R % equol &9 3 Bt Bk £ 5 A Lt daidzein ~ genistein B 365 %
MR FLEOEER equol &L ER B - BATHEA M equol &4
RABYTHZRE - AHET Y £ A8 5% 2 daidzein - genistein #
METHLEAOH 1.1 0.9 {2 FR T genistein X 843k 4 4§ 4P
tb daidzein & T 76.7 % - REEE R 7B F » genistein % 65 A s 7
daidzein + 887~ genistein #& M4 #21% » M it daidzein 75 5 Ak B 4a B, 7B 4K
R L RUCBPRARY daidzein - RERFBLEHFEHLAABP AR
AR E FLE 3R, » genistein A 24 h 44 A2 T 94.1 % # daidzein 8| a2 T
76.3 % > B sbHe 3T 45 B genistein 428534 ¥ tb daidzein #% 5 f6 42 &
F genistein B i #¢ 2 - Daidzein sulfates + daidzein glucuronides + genistein
sulfates & genistein glucuronides #4FF £ Z 31 A 7.3-7.8+10.3+9.7
I BAEXBRBEY kAL S5 3860 K60 85", equol
RFMAOBRFREEGE - ARAKXEART S » BhiHE L E%
;g; o
B gnmaty

MAKHA T ERAOMHE > RERMBRZEIEA T EH
BRSNS 0 B E A RS TS H B > B At by
WERREEE  LAREHNEATOFHBRE T REERE - B
REMRHGRRARB 2 A ERRBE  FRLANZEN TS0
TR XM R EARR e M BT R B P S a2 B
RERT B 8-10 - 4-6 2 8-10 o TREARDBABEBUELS
Z B o
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Fig. 1-1 Chromatogram of naringin, narirutin and internal standard in grapefruit

juice. N: naringin, NR: narirutin, IS: 6,7-dimethoxycoumarin.
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Fig. 1-2 Chromatograms of naringenin and internal standard in human urine. (a): Blank
urine, (b): urine spiked with 12.5 g/mL of naringenin and internal standard, (c):
urine sample treated with glucuronidase, (d): urine sample treated with sulfatase.
N: naringenin, IS: 5,7-dimethoxycoumnarin.
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Fig.1-5 Mean (£S_E.) urinary recoveries (% of dose/h) of naringenin glucuronides and

sulfates in nine volunteers after intake of grapefruit juice during cach time
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Fig. 2-1 Chromatogram of hesperidin, narirutin and the internal standard in orange juice.

(H: hesperidin, N: narirutin, IS: 6,7-dimethoxycoumarin.)
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Fig. 2-2 Chromatograms of hesperetin, naringenin and the internal standard in human urine.

(a): blank urine,
(b): an urine sample hydrolyzed with glucuronidase,
(¢): an urine sample hydrolyzed with sulfatase,

(d): urine spiked with hesperetin (10.0 pg/mL), naringenin (10.0 pg/mL) and the

internal standard.

(H: hesperetin, N: naringenin, IS: 5,7- dimethoxycoumarin.)
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Fig. 2-3 Cumulated urinary excretion of (a): hesperetin sulfates and (b): hesperetin

glucuronides in eleven volunteers after oral intake of orange juice
(1L/volunteer).
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Fig. 2-4 Cumulated urinary excretion of (a): naringenin sulfates and (b): naringenin

glucuronides in eleven volunteers after oral intake of orange juice
(1L/volunteer)..
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Fig. 2-5 Cumulated mean urinary recoveries (% of dose) of hesperetin sulfates and
glucuronides in eleven volunteers after oral intake of orange juice
(1L/volunteer).
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(a) standard solution; (b) human urine after hydrolysis with sulfatase
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25

—e— a

—— b o
2 —v—
5 ——d
- 20 A —.— 9
< —O— f
E —— g
e —O—
2 15+ —h
0
§ )
i)
£ 10
5
o
Q&
@
= 5 4
E
=3
Q

_‘

0

Time (h)

Fig. 3-6 Cumulated urinary recoveries (% of dose) of equol sulfates in nine volunteers
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Fig. 3-7 Cumulated urinary recoveries (% of dose) of genistein glucuronides in nine
volunteers after intake of soy milk.
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Fig. 3-12 Cumulated (mean £S.E.) urinary recoveries (% of dose) of daidzein
glucuronides and daidzein sulfates in nine volunteers afier intake of
soymilk.
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Fig. 3-13 Cumulated (mean +S.E.) urinary recoveries (% of dose) of equol glucuronides

and equol sulfates in nine volunteers after intake of soymilk.
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Fig. 3-14 Cumulated (mean +S.E.) urinary recoveries (% of dose) of genistein
glucuronides and genistein sulfates in nine volunteers after intake of
soymilk.
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Table 1-1. Intra-run and inter-run analytical precision and accuracy of naringin in

grapefruit juice.
Intra-run Inter-run
Cone Precision Accuracy Precision Accuracy

(ng/mL) Mean+S.D. (C.V.%) Rela‘(‘;") OTOT Mean + S.D. (C.V.%) Rela‘(% error

15.6 14.03 + 0.04 5.48 -10.22 14.41 £0.03 4.90 -1.75

313 29.15+0.01 2.48 -6.7229.80 % 0.00 2.24 -4.65

62.5  59.27 +0.004 0.20 -5.17 59.69 £ 0.01 0.62 -4.49
127.02 +

125.0 127.77 £ 0.02 0.49 2.22 0.01 0.34 1.62
254.42 +

250.0 254.80+0.07 0.84 1.92 0.09 1.01 1.77
508.16 +

500.0 509.08+0.14 0.85 1.82 009 . 052 1.63
994.87 +

1000.0 994.25 +0.92 0.88 -0.57 0.72 0.29 -0.51

Table 1-2. Intra-run and inter-run analytical precision and accuracy of narirutin in

grapefruit juice.
Intra-run Inter-run

Coric. Precision Acc?uracy Precision Accuracy

(ng/mL) Mean+S.D. (C.V.9) NOBUVEETION \/o s §D. (Cvio) Relative eror
(%) (%)

0.8 0.74 £ 0.03 3.98 -5.66 0.73+0.03 4.42 -6.08
1.6 1.60 +0.02 1.52 275 1.62+0.01 0.77 4.06
3.1 3.07+0.08 2.70 -1.64  3.16+0.0° 1.32 1.20
6.3 6.27 £ 0.05 0.84 035 6.25+0.09 1.50 -0.05
12.5 12.70 + 0.04 0.31 1.62 12.72+0.21 1.63 1.74
25.0 24.6+0.74 2.98 -0.97 24.58 £ 0.42 1.70 -1.68
50.0 50.07£0.12 0.24 0.14 50.15 % 0.60 1.19 0.31

Table 1-3. Recovery (%) of naringin in grapefruit juice.

Conc. (pug/mL) 1 2 3 Mean + S.D.
15.6 101.5 97.8 99.4 99.6+1.8
125 96.6 97.3 95.7 96.5+0.8

1000 96.5 94.6 95.5 955%£0.9

55



Table 1-4. Recovery (%) of narirutin in grapefruit juice.

Conc. (ug/mL) 1 2 3 Mean + S.D.
0.8 98.9 102.3 100.9 100.7+ 1.7
6.3 97.8 96.5 97.5 97.3x£0.7
50 96.8 94.4 93.7 95.0+ 1.6

Table 1-5. Intra-run and inter-run analytical precision and accuracy of naringenin in
human urine.

Intra-run Inter-run
Conc. Precision Accuracy Precision Acc_:uracy
(/ML) Mean+ S.D. (C.V.%) ReltVEETor \fo 28D, (C.V.Y%) Relative error
(%) (%)
004 0.04+000, 6.54 1460  0.04£000, 5.33 11.61
016 0.13£001 275 21015 0.14%0.01  1.76 9.21
031 033001 2.0l 5.18 033+£0.02 245 5.18
063 060+004 372 439 0.59+0.03 3.0 5.93
125 137+001 235 9.23 136+ 003 1.58 8.80
250 2.52+0.01 0.88 0.80 2.514+0.03 ° 1.06 0.49
500 5.03+009 1.40 0.62 502+£007 1.09 0.40
10.00 9.89+016 134 -1.06 991+0.11 097 -0.90
2000 20.04+029 122 0.18  20.03+023 098 0.16

Table 1-6. Recovery (%) of naringenin from human urine.

Conc. (pg/mL) 1 2 3 Mean + S.D.
0.04 100.7 92.6 94.2 95.8+4.3
1.25 103.7 97.9 97.5 99.7+34

20.00 95.4 95.5 97.1 96.0£1.0
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Table 2-1. Intraday and interday analytical precision and accuracy of hesperidin in orange

Juice.
Intraday Interday
Conc. Precision Accuracy Precision Acc.;uracy
(ug/mL) Mean + S.D. (C.V.%) Rc'at‘(‘{,z)e""’ Mean+S.D. (C.V.%) Re]a“(‘f,z)e"‘”
500 505x04 (0.7) 1.1 50.4+04 (0.7) 0.9
250 24001 (0.6 -4.0 243+02  (1.0) -3.0
125 12001 (0.5 4.3 120+ 0.2 (1.8) -4.2
6.3 70+£0.1 (1.9 11.2 6.9+ 0.0 (0.6) 10.3
31 32200 (1.9 0.8 3.2+0.0 (0.8) 1.2
16 16+00 (14) 5.0 1.6 0.0 (1.0) 3.5
0.8 0900 (1.4) 19.1 0.9+0.0 (1.8) 16.1

Table 2-2. Intraday and interday analytical precision and accuracy of narirutin in orange

juice.
Intraday Interday
Conc. Precision Accuracy Precision Accuracy
(hg/mL) Mean + S.D.(C.V.%) Relative crror (%) Mean + S.D.(C.V.%) Relative error (%)
500 50.1£0.1 (0.2) 0.1 50206 (1.2) 0.3
250 24607 (3.0) -1.0 24604 (1.7) -1.7
125 12.7+0.0 (0.3) 1.6 127£02 (1.6) 1.7
6.3 6.2+0.1 (0.8) 0.4 6301 (1.5 -0.1
3.1 31201 (27 -1.6 3200 (L.3) 1.2
1.6 1.6+ 0.0 (1.5) 2.8 1.6+£0.0 (0.8) 4.1
0.8 0.7+ 0.0 (4.0) -5.7 0.7£0.0 (4.4) -6.1

Table 2-3 Recovery (%) of hesperidin from orange juice
Conc. Spiked

(ug/mL) a b c Mean + S.D.
50.0 90.5 98.4 96.1 95.0%4.1
6.3 98.3 101.8 91.7 97.2x5.1
0.8 103.0 93.7 36.3 943+ 83

Table 2-4 Recovery (%) of narirutin from orange juice.
Conc. Spiked

(ngfmL) a b C Mean + S.D.
50.0 98.6 97.0 99.1 082+ 1.1
6.3 101.5 104.5 106.8 104.3+£27
0.8 104.6 102.4 91.6 99.5+£70
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Table 2-5. Intraday and interday analytical precision and accuracy of hesperetin in

human urine.
Intraday Interday
Conc. Precision Accuracy Precision Accuracy
(ug/mL) Relattve error Relative error
Mean £ 8.D. (C.V.%) (%) Mean £+ §.D. (C.V.%) (%)
500 49.5+04  (0.7) -1.0 49.6+03  (0.6) -0.8
250 260x07 (2.8) 4.1 258+06 (2.3) 3.4
12.5 12.6 £ 0.1 0.7) 1.0 12500 (0.3) 0.4
6.3 6.1+0.1 (1.6) -2.2 6.2+0.0 (0.1) -0.1
3.1 28+0.2 (7.5) -9.6 3.0+0.1 (4.0) -5.3
1.6 1.3+£0.2 (8.4) -13.8 14+0.1 (8.1) -113
0.8 0.6+0.1 (9.3) -17.2 0.7+0.1 (9.1} -16.0

Table 2-6. Intraday and interday analytical precision and accuracy of naringenin in human

urine. i
Intraday Interday
Conc. Precision Acc.;uracy Precision Plxcc_:uracy
(ng/mL) Mean+SD. (C.V.%) Rela“(‘f,j ;’”"r Mean £ SD. (C.V%) 1 a“(‘iz)"”‘“
(]
500 498x02 (0.3) -0.4 499+0.1 (0.2) -0.2
25.0 25403  (1.1) 1.6 25201 (0.4) 0.6
125 12600  (0.3) 0.5 126+ 0.1  (0.6) 0.9
6.3 6.3+ 0.0 (0.4) 0.6 6300 (0.7) 1.0
3.1 3.1£0.0 (1.3) -1.9 3100 (0.3) -0.4
1.6 1.5£0.1 (3.9 -5.3 15£00 (15 2.1
0.8 0.6%0.1 (9.4) -17.8 0.7+0.1 (8.6) -10.8
Table 2-7. Recovery (%) of hesperetin from human urine.
Conc. spiked (pg/mL) a b c Mean £ S.D.
50.0 88.2 97.3 97.2 942+53
6.3 97.1 95.1 98.5 969+ 1.6
0.8 97.5 972 109.6 1014+ 7.1
Table 2-8. Recovery (%) of naringenin from human urine.
Conc. spiked (ng/mlL) a b c Mean £+ S§.D.
50.0 97.1 101.2 103.9 100.8 +3.4
6.3 96.2 91.3 103.9 97.1+64
0.8 97.8 103.1 85.5 95590
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Table 3-1. Intra-day and inter-day analytical precision and accuracy of daidzin.

Intraday Interday
Conc. Precision Accuracy Precision Accuracy
(ug/mL) Mean + S.D. (C.V.%) Relat‘(‘,’,z)emr Mean+ S.D. (C.V.%) Re]a“(‘f,z)"”‘”
1000 999%26 0.5 -0.1 999+3.0 0.8 -0.1
500 49.8+04 0.8 -0.4 50.0£0.6 0.7 -0.1
250 24805 0.7 -0.8 25103 0.8 0.3
125 12002 4.4 4.2 12.7+0.3 2.6 1.6
6.2 6.6+0.2 438 52 6.2+0.2 0.6 -14
3.1 3.4+ 0.1 2.3 8.6 3.1x0.0 0.4 -1.8
1.6 1.6+ 0.1 5.0 1.3 1.5+0.1 1.3 4.8
Table 3-2. Intra-day and inter-day analytical precision and accuracy of daidzein.
Intraday Interday
Conc. Precision Accuracy Precision Accuracy
(1g/mL) Mean+S.D. (C.V.%) Relatl(\gz)crror Mean + $.D. (C.V.%) Relatl(‘zz)cnor
1000 999+28 0.3 -0.1 99.7+£2.6 0.4 -0.3
500 498+06 0.9 -0.3 50714 0.6 -1.3°
250  249+03 0.8 -0.5 25.1+£0.1 1.8 03
12.5 12.4 £ 0.1 0.3 -1.0 12.4+0.0 35 -1.2
6.2 6.3+0.1 1.5 0.7 6.1£0.1 0.4 2.0
3.1 3.2+0.0 33 3.1 3.1x0.1 2.9 -0.9
1.6 1.6+ 0.0 3.9 3.8 1.5+0.0 2.7 -0.3
Table 3-3.Intra-day and inter-day analytical precision and accuracy of genistin.
Intraday Interday
Conc. Precision Accuracy Precision Accuracy
(ng/mL) Mean £ S.D. (C.V.%) Rela“(‘f;)e“"’ Mean +S.D. (C.V.%) Rela“(‘f,j)e”or
1] 0
100.0 99.8+1.8 0.7 02 99.7+2.6 0.4 -0.3
500 493+06 0.2 -14 507+24 0.6 1.3
250 25.1%03 1.7 0.4 251x0.1 1.8 0.3
12.5 12.9+0.2 1.8 2.9 12.4 £ 0.1 3.5 <12
6.2 6.4+0.1 1.8 2.0 6.1+0.1 0.4 -2.0
3.1 32+00 1.3 2.9 3102 2.9 -0.9
1.6 1.6+ 0.1 0.5 5.1 1.5+ 0.0 2.7 -5.4
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Table 3-4. Intra-day and inter-day analytical precision and accuracy of genistein.

Intraday Interday
Conc. Precision Accuracy Precision Accuracy
(pg/mL) Mean + S.D. (C.V.%) Re’a“(‘f,f)"‘m Mean + S.D. (C.V.%) Rela“(‘f,z)m‘“
0
1000 999+1.8 0.4 -0.1 100.1+26 04 0.1
50.0 50.0£0.6 04 0.1 494+ 14 2.5 -1.2
25.0 251+£03 0.5 0.2 25.1x0.1 1.3 0.3
12.5 125+02 0.6 03 127+ 0.1 1.4 1.6
6.2 6.2+0.1 1.5 -1.2 6.3+0.2 1.2 0.7
3.1 3.1+£0.0 2.2 -0.9 3.1£0.1 1.7 02
1.6 1.5+ 0.0 1.7 -1.3 15£00 33 2.5
Table 3-5. Recovery (%) of daidzin from soybean extract.
Conc,
1 2 3 Mean *S.D.
(pg/mL)
50.0 93.6 83.2 90.6 89.1 154
12.5 98.8 96.9 83.4 930 184
3.1 100.5 93.6 974 972 3.5
Table 3-6. Recovery (%) of daidzein from soybean extract.
Conc,
1 2 3 Mean IS.D.
(ng/mL)
50.0 88.2 96.3 98.0 942 152
12.5 87.7 83.7 89.7 8§7.0 13.1
3.1 95.0 922 933 935 *14
Table 3-7. Recovery (%) of genistin from soybean extract.
Conc.
1 2 3 Mean 1S.D.
(ug/mL)
50.0 81.6 79.5 84.5 81.9 2.5
12.5 90.8 87.6 84.9 87.8 ¥3.0
3.1 86.1 89.4 95.7 90.4 X4.9
Table 3-8. Recovery (%) of genistein from soybean extract
Conc.
+
(ng/mL) I 2 3 Mean *S.D.
50.0 81.6 79.5 84.5 81.9 25
12.5 80.8 87.6 24.9 84.4 134
3.1 86.1 89.4 85.7 87.1 2.0
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Table 3-9. Intra-day and inter-day analytical precision and accuracy of daidzein after acid

hydrolysis.
Intraday Interday
Conc. Precision Accuracy Precision Accuracy
(ug/mL) Mean + $.D. (C.V.%) Rela“(‘{,z)cmr Mean £ S.D. (C.V.%) Relat‘(‘{,j;“"r

100.L0 1004+2.1 0.4 0.4 99.5+1.6 0.5 1.6

50.0 489+ 0.5 -2.2 1.0 507+ 1.1 1.4 2.2

25.0 252402 0.7 0.8 248+02 0.7 0.8

12.5 12.2+0.1 -2.5 0.8 122+ 0.1 -2.0 0.8

6.2 6.5+£0.2 4.6 3.1 59+0.2 -5.0 34

3.1 3.4+0.1 9.5 29 28+0.1 9.2 3.6

Table 3-10 Intra-day and inter-day analytical precision and accuracy of genistein after

acid hydrolysis.
Intraday Interday
Corc. Precision Acguracy Precision ?cc;uracy
(ug/mL) Mean + S.D. (C.V.%) Rela“(‘f,j)e”‘“ Mean+ S.D. (C.V%) X€ a“(‘{,/i)‘:”‘"
0

100.0  100.3+0.1 0.3 0.1 99.9+0.1 -0.1 0.1

500  486+07 27 5.5 503+£05 06 4.1

25.0 258+£03 3.1 4.5 258+05 1.2 8.2

12.5 12.7+ 0.1 1.6 2.5 12403 .10 9.7

6.2 6.3 +£0.1 1.1 2.7 6.1+£0.1 3.0 6.8

3.1 29+0.1 -68 8.9 31£0.1 -1.2 3.3

Table 3-11. Recovery (%) of daidzein from soybean extract afier acid hydrolysis.
Conc.

+
(ug/mL) 1 2 3 Mean 1S.D.
50.0 86.1 79.3 78.0 81.2 +4.4
12.5 89.1 843 87.7 87.0 25
3.1 92.8 88.2 90.3 90.5 2.3

Table 3-12 Recovery (%) of genistein from soybean extract after acid hydrolysis.

Conc. L
(ug/mL) 1 2 3 Mean *S.D,
50.0 79.9 79.5 71.5 78.9 *1.3
12.5 80.8 80.6 79.6 80.4 0.6
31 82.0 79.4 81.7 81.1 14
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Table 3-13. Intra-day and inter-day analytical precision and accuracy of daidzein in
human urine.

Intraday _ Interday
Cone. Precision Accuracy Precision Accuracy
(Hg/mL) Mean  S.D. (C.V.%) Relat‘(‘f,z)""“ Mean+S.D. (C.V.%) R"‘la“(‘f,z)e”‘”
200 200+£0.1 1.3 -0.1 20.1 £ 0.1 20 0.3
100 10.0+0.7 1.9 0.3 100£0.1 44 0.1
5.0 50+03 0.2 0.2 49+£0.0, 22 2.0
25 2.5+0.04 1.5 -0.7 24+03 3.3 23
1.3 1.3+0.01 0.9 1.0 1.2+£00; 8.0 -1.0
0.6 0.6 £ 0.0, 3.9 0.1 0.7+ 0.0 7.0 9.6

Table 3-14 Intra-day and inter-day analytical precision and accuracy of equol in human

urine.
Intraday Interday
Conc. Precision Acr':uracy Precision Acc;uracy
(1g/mL) Mean £ S.D. (C.V.%) Rela“(‘f,z)e“"r Mean £ S.D. (C.V.%) Rda“(‘f,z)emr

200 200+04 2.2 -0.1 20.1+£0.1 1.8 0.3
10,0 10.1+£0.2 2.0 0.8 10.0+0.1 34 -0.4

5.0 5.1%0.0 0.4 2.0 5000 24 -0.9

2.5 25+0.0 0.7 0.1 24+0.0 34 29

1.3 1.2+ 0.01 9.3 -0.7 1.2x0.0 9.0 2.6

0.6 0.6+0.0 3.9 -6.7 0.6+0.0 7.3 4.7

Table 3-15 Intra-day and inter-day analytical precision and accuracy of genistein in
human urine.

Intraday Interday
Conc. Precision Acguracy Precision Acguracy
(ug/mL) Mean +S.D. (C.V.%) Rela“(‘f,z)e”or Mean £ S.D. (C.V.%) Relat‘(‘f,z)e”"r

20.0 195+0.4 1.8 2.5 200+0.1 1.8 0.2

10.0 96+0.2 1.8 -3.6 9.9x0.1 3.7 -1.3

5.0 47+0.0 0.1 5.4 5.0+0.0 2.2 0.7

2.5 24=01 0.3 -39 26+0.0 2.7 2.7

1.3 1.3+0.0 2.5 1.4 1.3+£00 3.6 0.1

0.6 0.7+0.1 1.3 8.9 06+0.0 4.3 -3.8
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Table.3-16 Recovery (%) of daidzein from human urine.

Conc.
1 2 3 Mean +S.D.
(ug/mL)
20.0 99.7 100.2 101.6 100.5 +1.0
5.0 98.4 98.5 101.4 994 +1.7
1.3 96.1 96.4 98.7 97.1 +1.4

Table.3-17 Recovery (%) of equol from human urine.

Conc.
(ug/mL) 1 2 3 Mean £S.D.
20.0 96.7 93.2 94.6 948 +1.8
5.0 95 4 97.5 93.4 95.4 £2.1
1.3 95.1 . 94,4 947 94.7 £0.4

Table.3-18 Recovery (%) of genistein from human urine.

Conc.
1 2 3 Mean £8.D.
(ug/mL)
20.0 96.7 97.2 95.6 96.5 £0.8
5.0 954 955 98.4 943 1.7

1.3 93.1 95.4 95.7 94.7 £1.4
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