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BREA AR G S5 B ot o R —F T
R Y PR R A D K I W B T G R D
M7, XD SE I 1 TR A W e A v T T
O I gy, 88 v R O S B A ) 2 A T i 6 S

ERIIRETSI=R ool R S Sy R S i A
I A € T S A L (GC)M R
038 — T3 25 (GC—MS) VA1 S50 AH 0 3% vk
(UHPLC )% | 2R 4hyk B 0] 5 s bR A b 57
T ) 5 it {F G 3 A AR o 25 20 40 (R A BRI 0
BEAI 3% 7 R 0 7 B i AT Ak b B AR
BORESE AR R, A Sk R Hl S M E
U HUME S By AT AR AL IR B 2% WA A3
T RCRE €853 — 0T 1 1 R R SO ORE (83 vk B N
VSR B 8CR MR MU & s A
AR BE m E A8 20 R AL R SR, A
HF A% 55 5t B9 GC-MS Ml UHPLC ,HPLC )z
b T K G S A e AR i e R
T 7 119 v A58V 35 ok T S 5 1 1 vk 2
BE T IR WFEA 22 5 SN 7 T HPLC A3 U
A FRAE v 5 13 1) 5 3, EL T A [) s A 0 1)
T T T FETE B, AN AR 1 (S—HE T /8 AT
JG) R AR R W A7 3 SR 7 Dy E D 1 7 A
F 4 b AP0 F TLC M HPLC 454 1Y J7 15 58 PE G
T PR Y ME S5 1, I AE P A HPLC UV 3
K NIR A 6 Fh ok G 5 s miA =4,
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SRINT, Z T IRAF TR I () 4 K, sl A T AR 4K
KA A T RBUASEEEAKG I ) ) B, DL _E Oy 38
FHF PR ARSI T RV HE 1 3 S e RO
R, 20 8 AT U AR 2 SRR RIE
B AT e PGSR R FOG B, e A PR
RO E], T A 500 IR AS BB S Wi 3 B Ak ) Ak v
GHITH EIERE T, [, 454 2% SR8 M 5L
PRTAEZ I, &P B 5 0 0 2% 0 B & T e
Wil T B = AR B R R SR, FEE S B AR S5 R A
LI B8 43 JoT o AH 3 A /N 431 0 T AR A O
A5 B A i AN AR A 3 B R R T
B GRS, AR
¥ 5% 0076 A o A58V € i G 0 5 AR 1 Stk I
PEACAS I 25 4, (i L8 F T 2 A4 IR A 2 T R R
T2 945 140 4 P ARG 0

1 MBERE
1.1 #HRE5E

B0 M AR v R R YRR
IR T HEE G0 A5 a9 ,BCR [E Fr 7
Sy AR CPR CBR  RHEET & TR A Ak T4 R
T ml TR RS AR, R T ) R AR R
W] 50.22 wm JE TR UERE R EETTHLIE LR IR A
FRAF

1o OB L% AL BC A Waters e2695 separa-
tions module, Waters 2489 Z¢ A5l %% , Empower—
3 M, [ Waters 23 7] ;R-1001 HEiR R & a% .
M 2B AR A BR 2 7] H2050R i 308 VR 25 0
BL, 51 mE WAL O MLAX S A BR A W) AW400SG/TG
A T ARV, B Electrotek 23 7 ; ME204E 43 #r
KV MR — 4R 2 A8 () AR A A
1.2 Fi&

1.2.1 @i rikadsr  Bi%H  Agilent HC-C g £
(250 mm x 4.6 mm,5 wm); i shAH 200 A i BE Bk
FHOK B B 0 5 AR 25 °C; #ERE i 20 pl,

3 D ARG IR L I St A T E AN I R AT AR
ko K ik 1 2k £ 230,260 Fi1 280 nm; i 2h AH i
FEBERE Vo Vipm Ve =5:4:1,5:3:2,5:2:3, i
HEFE 1 mL/min A1 0.8 mL/min,

1.2.2 B v A 2 Y010 TC 1) B A v il 86 17 ST
1.2.2.1 B G JTFIME LD 1 i bR MEAE A U (1 mg/

ml) P AER AR | mg B S 0 AIME S AR v
dir, BT mL RS A G AR A £, 20 °C
AT
1.2.2.2 B EATTOMMED MAr i TR R
IR S O M S T A oE % A5 TR 45 200 pl, DLH
S B 28 2 mlL, filf LT 5 Wk 30 100 pg/mlL, P45
He A B G 50,25,12.5,6.25 we/mL, HIf5 8 G 4F
JC FIHE B A v T AR .
1223 FRifEML @S IR SR ME TR
Wit AT HPLC 4307, 10 545 41 43 (i (&1 1 iy e 1
B, LIRS AR M T v 8 X (wg/mL) R i AL B
R T A Y (mV - min) 9 AR B 221 b o il
IR,
123 kSRR fEEBE N A&, LU
6.25,12.5,25,50,100 pg/mL AN [F] 5 4 ¢ B A fE
Ih Py b o o T A R RE 3 Uk, AR ) A (3% 06 T
LA (mV -min) A BR | HFEAE BT W C (ng/
L) A A AR AR 22 b v TR e A DU R 4 i X
ARG 5 BE 7 VR R B R DR AT S
1) 3 2o W R HE  oe R R o T AR R R
5 U, XA NG % B AT B0 IE 52 ) 38 a4 D[R] —
a6 43, I 5E 7 VARG 5 5 3) TR AR it HE R A —
FE AR EVS W, PR 5], BB LRI 6 W, D e
J5 s i N
1.2.4  FEETEEE AR B S000r 7EIRA AR
S NKSE 6 24 0T ME D I AR R AR (1 g)
FH W R 2% w3 75 W PBS (pH 7.4,0.2 mol/L) 4% 3% Fi
BN, AP 1 L B E A S G
(200 pwmol/L) 4 igi 152 W A 17 45 5% 3 (100 mL)
37 CIREZM T RKBE48h, M2 mL K5 6
mlL LR CBRIR A, WHESRY 60 s,4 000 r/min £
O 10 min, F 15 WO e 5% 78 K AL 78 (L, 80 o/
min) , A 1 mL B % ,0.22 wm JE T8 JE B g
BN BEARIRDT, FEAR R 35 0 0 2510 IE 2% 21
Sy ETGIETI AR, 5 bR M2 L B A D B
A 0 R D
1.3 #HELE

R Ge 1T FAE B #4E4 Origin 6.0 (OriginLab
Corporation,, Northampton, MA, USA). BR{#SHS
B DTS R R R R A R A
FESCPATINGE 3 W, 45 330K R 1 Y 2 1 D
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Fig.1

High performance liquid chromatograms of daidzein and equol standards and actual samples

at different wave lengths
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Fig.2 High performance liquid chromatograms of daidzein and equol standards and actual samples

with different flow ratios
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FIA HTGE 0 1 W By (B AR B T 1.3 min 2247, B IR TR
Wi g o B RURS: , ZEA % 5 LA 0.8 mL/min Y7 2
h 53 W i

2.4 FEFTEM

2.4.1 HPLC %2 # 5.4 o MM Ty pY £ 1 YE F
Kr b BR AN m B % B AL i o i 25k, X 8E

A o0 FUME S 0 AR E TAEME R bt (EE 3
W) o LABIN 4 i € 3% 06 1T B Y (mV xmin ) iy 9L A
B HEHERE BT 9 B X (pug/mL) A A A AR 22 il B 4
M2k, 55l 3 pros 19 2 8 0 1 oo i &k mlE
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- WE S5 1y %) At BR 23 591 24 0.07 weg/mL F1 0.05 pg/

<l > Mot mL, ERFRLL 10 551 e (SN i S

i f al YO 410 H T A ME S Y & BR800 8 0.23 we/mL

! 0.16 pe/mL. FH1% )i 7 5 , B4 1 12
=54 i LED -

4 a2 242 R WLHUHE O T ME T v

ol L L L 10 pg/ml. 1938 25 bl i, HPLC 353 R 5 0, 75

N S 5 H T FUHE S MU T AL, A9 1 B , B9

Mass concentration/pg - mL™"
B3 BEEHITHUMEDEAREMRZL

Fig.3 The standard curves of daidzein and equol

218432 MR EL R 7 0.9996 , 45 R F A TE 6.25~
100 pg/mlL Joa it v B2 90 Bl PN, B & O FE ) 1
{18 i T R I A R P R O R LA

K BR DL 3 A5 A5 W bE (S/N) THER., B &L T AN

L 11 ME S By B4 AR X B o O 22 RSD 23 0.219% Al
0.26% ., 4 F WA B R 47
W] —#e i 6 13, TEPLAL S B (3 2% 1R ik

FE, I G O R S Iy Y e T AR, Ansk 2 T
71N, VB SLH o0 A ME ) 1 4 AH X BR AE A 2% RSD (n =

6) 94 0.71%F1 0.10% , 7 A< J7 = BoA BT

1 UEBTE
Table 1 The precision of the instrument
¥ A2 /mV - min
i RSD/%
1 2 3 4 5
b o 964 664 959 806 958 622 960 618 960 578 0.21
M Iy By 819 977 816 632 813 749 817 393 815 289 0.26
x2 FAHEBERE
Table 2 The precision of the method
Y & S lpgeml” RSD/%
1 2 3 4 5 6
% 237 5.98 5.98 5.97 6.09 5.99 5.98 0.71
i 2 By 11.96 11.96 11.96 11.98 11.97 11.94 0.10

243 R BRI EIE S RS, PR
[l —HERE S 6 03, B 3 0y 1 41, 4 P K F- 4331
A B i 6 3 TSR I L
0 RME S i AR R 2.4.1 A5 B AL 1S
D R AT S bR AE R T g 3 iR T
T o6 A1 HE 5 By 0y F 3 1800 4 i 94.01%
104.34% 1 92.12% ,94.96% , %} 5 1 f 22 RSD
35N 0.15%,0.19% %1 0.21% ,0.24% . $iW T 1%
J7 1 I WA R 5 v, R R G A S
P 38 M e I YRR AR TP B B B T RN M
25 HitEAESEREAEMNELE
R 4f 0 435 0 Ky ik ) R 4T AT ST A

iy 55

WHE 5 P53 A T it R 26 P IREVRORE e ) R - AN & Sa
TR SR A J7 1% A U i [) A B T e b S 1y
Hh W B[] 43 31 A 4.65 min Fil 6.35 min, i i & Sc
FETR R WL SRR AT LR B, TR T IR IR
WO T 28, #F 4.67 min B HIES A
STARARE NI R VA W = e VI [ By s v e S O AL
He N 205 nm , AR5 & Sc AT, W G TR+
8.46 min i B A A 10 ARG I T e 1y 0 T A
BN, ket s & Sh A d, B T RE S
Ty W& BF 1R) 43~ 51 4 6.95 min #1 9.53 min, K B
FESL T G T S A B, R E
230 nm, fii #ff 5 AR W Wi | ek s R

@/\—”"El

RN
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Table 3 The determination of recovery rate of daidzein and equol
Mo BRI FAREN R T FNAREE/
% ST o U mME RHEEE%  RSDI%
pg-ml” pg-ml” pg-ml”
F 2T 6.00 7.87 13.39 93.98 94.01 0.15
6.00 7.87 13.38 93.85
6.00 7.87 13.41 94.19
6.00 13.04 19.58 104.14 104.34 0.19
6.00 13.04 19.59 104.27
6.00 13.04 19.64 104.62
M I 11.98 9.48 20.69 91.86 92.12 0.21
11.98 9.48 20.72 92.20
11.98 9.48 20.73 92.30
11.98 13.81 25.05 94.70 94.96 0.24
11.98 13.81 25.08 94.93
11.98 13.81 25.13 95.26
ESEH HESEH
1.80 58 wsEn
o 1.60 o ’
= 140 Z 030
& E 120 & F 025
B = 1.00 B = 0.20
% 5 00 %o
B 2 040 =3 _% 0.10
= 0.20 = 0.05
O e 0.00————
0.00 200 400 6.00 8.00 10.00 12.00 14.00 0.00 2.00 4.00 6.00 800 10.00 12.00 14.00
I 7] I [h]
Time/min Time/min
(a) INT7 R bR HE b (b)) 7 i e
R 0.20 BEDEH
_ 100 #38H _— *aik
< <
.= = 0.15
j?lj—‘; g 0.80 ﬁ 5
5y 060 2 010
= 5 040 =5
=% . == 005 xsEx
£ 0.20 =HR 2
< <
0.001 00—~ T Y
0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 0.00 2.00 400 6.00 8.00 10.00 12.00 14.00
I ] I [1]
Time/min Time/min
() IH 7 7 2B 4 AT i (d) B 7 1 S PR R TEAE: it
B 4 R EMEHEE TGRSR i E
Fig.4 High performance liquid chromatograms of the original method and the improved method
to detect standard and actual samples
TR H AR89 70 B FLEE S ARH 712 nglg, ®E BT 101 pe/g, HEFHIC 1

2.6 EDEMTEEEREFHTHEIBMENNIN

Xt 6 4 32 il it

13d 5

Brt B (R 55

TN 1472 pefg, K B TH 658 pg/g, Y4k

pg/g)&ﬁé{@i%z% Fﬁ@ﬁ’q’:Fﬁ;FHZ)E&ZJ@ A, H
e, 64T HPLC Kaill, g5 an sk 4, w4
Setchell 25RO} 1 MfE b i 7= A 35 19 7 S, B 1g (S—
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WE I /5 AT 0 ) KT -1.75, s b oA A J2 i D
PR IR B IR R W] 6 1 52 Y]
PUREAL B T o0 . 8 T TR R R AE 4.946~21.
860 pwg/mL Z[H], M T T 4t vk B AE 3.12~4.855
pe/mL Z [H]

Fi2 UL B ARAL B8 7 vk X 6 44 e Eh e A
(0 A R IR AT R SNG4, DA B B ] | DA
TR B, AN 6 5 TR DIAMR L 2 BT 5 2 G A
JC R E 5y 1) i A2 R RS K s A
6 1 52 1K 19 5% AL e ) 5 DR WRBOHIE AR A R R 22
5.3 5K 5 52 E M g (S-ME DB/ S 0)
AR T T E 2 E A N, S TR
We P AE 2.825~82.833 pg/ml 22 i), M Th 5 R
FETE 2.139~55.902 pg/mL Z [a], Ji &k E £ 57K
TIRWFEA @t R 4 53 5 Bdunyxt b, kIR
TRE AR FAR S e WA %) T 2 G e
S—fE TH B B PP A B R X ), X nT e TR
rhHE Y B S T AR, RAN G H T
5 AR R AR B B oC & i MR R A
JHEAE B 5 2 LA PRI (0 Xk 0 1) O 7 sz B
o T A 0 e A L G I I R 1o

3 Tt

FE S BRAEA G I | AR S0 5 K IR TR 26 D
REERTEGH TS HERMEAESIZ, H
RS9 A I AN S FH T E S5 1 A I, SR TR R U
[7) T 38 sk O A 4 S R B0 A BE B 4 A5
AEUAGE I 532 B3 FH) A ) 28 R A 2 IR P i B
TFoC e S By, B EfE P, HEHE 230 nm I
260 nm A K, F1)FHHE ) B 55 2 %60 06 8 AS [ 4
T A R SRR R AN I A A DR 43 O D 5 e R
WEHHEC LN V otV oV oo = 5:3:2 (I EL] 45
B LU TR ME D B DA AR Z AR ) T o Ok i
£ 0.8 mL/min MFEE , 158 & H 05 R A IE >
B, P PR O AT o S R MG E S
L,

AN TR BE R T 2 0 I I 0 T A 0 1
B, FERLLE T A B A B AT ST A R R L R
BTG, T RAERER AT C18-0DS 4Bt
TENAH R CEFIK, KA R 270 nm 7 HPLC
J5 ik % A A ER B AUH-HM 195 (EU919863)

x4 RGERNE
Table 4 The determination of urine samples
ERAEAK FHEFALLE LB EE/ lg(S-MELEH/

Hon 5 pgemlL™! g mlL™? HEHFT)
1 4.946 3.120 -0.200
2 9.571 4.279 -0.350
3 10.370 3.649 -0.453
4 19.284 4.855 —-0.560
5 12.272 2.848 -0.634
6 21.860 4.208 -0.716

x5 HEFEREBHMNE

Table 5 The determination of fecal fermentation sample

EREH RLHELAE MLHA R lg(S ML/

e R pg-mL™ pg mlL™! FaHFr)
1 60.123 2.139 -1.449
2 82.833 9.246 -0.957
3 2.925 47.234 1.208
4 29.7717 2.203 -1.131
5 2.825 55.902 1.296
6 57.244 2.284 -1.399
B 8 S oo I A O 2% S TP B 22 AR SR R

(O-Desmethylangolensin, O-Dma), FRItZ 4, 7F
5 O0-Dma tHIE 1.1 min J5 1A —F AR50 0908 ™
Y, X5 SO B B ME T 1 5 oK e Y O B I Ta]
(] B AL E AR ) BT S 0 1Y R K IR
1M W Joi A W v AR A 23 B R B L H 0 Y 2D B
O-Dma B34 AT A, R IHORS K 490 J5 4 7 Sy T4 B
A B A A R R, I B BAE B K 271
nm Al 267 nm HA & KL | X 5 AR
FHA K 260 nm Ak oA 10 f10 e T AR A v — 3, 4
0 33k 9 Aol R SR T S () A o A 2 S Y BF 5
TR K BB CIEVE IR SAH B Vo
ViV 2=5:3:2, % A 1.0 mL/min, J K & 205
nm I 8335 25 (06 0 53 25 104 7 i B 1) T Ak Slackia
isoflavoniconvertens 3% iz BR G A AR I 7= g 1330
G5 R R AR T B ME S S 1 min B0 B AT — A
R R | G A T BRI 2 T M Py e T AR X R
BITE R (O3 S5 T, A A D 1y U 5 O SR e o
DT S OHE % 5y 9 O e A a0 R 22, T AR O v
) F AR e T ok 248 TR AR A I v BT S T e AR
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B AP BT A LB EF 5 397
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Quantitative Analysis of Daidzein and Equol in Complex Fermentation Products

Ma Yuhao, Zhao Lichao, Fang Xiang, Liang Wenou, Wu Xuejiao, Wang Li’
(College of Food Science, South China Agricultural University, Guangzhou 510630)

Abstract To solve the interference problem of undesired metabolites with complex background fermentation liquid, high
performance liquid chromatography method for analyzing suitable for in wvitro fermentation conditions, the measurement
daidzein and equol. The fecal microbiota was transformed into daidzein in Brain Heart infusion (BHI) broth medium for
48 hours. After extracted by ethyl acetate, the samples were analyzed on a CI8 column (250 mm x 4.6 um, 5 pwm). The
flow rate was 0.8 mL/min, the column temperature was 25 C, the injection volume was 20 plL, and the mobile phase
was water—methanol —acetonitrile  (volume ratio, 5:3:2). The detection was carried out at UV 230 nm and 260 nm. The
linear correlation coefficients of daidzein and equol were R*=0.9999, 0.9996, respectively, the average recovery were
92.12%-104.34% , the relative standard deviation were 0.15%-0.24% , the limit of detection were 0.07 pg/mL and 0.05
pg/ml, and the limits of quantification were 0.23 pg/mL and 0.16 pg/mL, respectively. The method established in this
study had high accuracy and precision and was simple. It has been applied to determine daidzein and equol in fecal mi-
crobiota fermentation.

Keywords high performance liquid chromatograph (HPLC); fecal microbiota fermentation; daidzein; equol; determina-

tion



