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i E: BRSO G - B BSE R I 2 K S 448 59 3K (genistein) . K E T (daidzein) flHE
T E(glycitein) & . AE FEMZZEE-KG:1, VV)IRE, H Acquity UPLC® HSS T; #1:(3.0 mmx
150 mm, 1.8 pm)ZrE5, DAFREEFT 0.1% B RV WA A TSl AH IEA 700 B VR0, A IS 55 £ B T4 5K (electrospray
ionization, ESI") L &, £ W Wi A= (multiple reaction monitoring mode, MRM)#ATH: &R SAEFEEK.
KREFFICHIE T RTE 2.0~200 pg/L FE I PIZMEIC TR RAF(r°>0.999), 775 1A HIBR 3 514 0.5.0.4.0.1 mg/kg,
TE 2.5, 10.0. 40.0 mg/kg FMAKF-HIFI BICR K 79.3%~107%, FIRTFRAER 2 (n=6)M 1.3%~6.8%., & 7
PR R MRV, SHATREPSEREE . KO OoHE GRS 3 Fh 5wl R & e .
X8 SEFEE, KUt HUER, KT, REME

Determination for 3 kinds of isoflavones in soybean by ultra performance
liquid chromatography-tandem mass spectrometry
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HUANG Ying-Si, CHEN Hua-Yi
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ABSTRACT: Objective To establish a method for determination of genistein, daidzein, glycitein in soybean by
ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Method The target in the
samples was extracted by ethanol-water(3:1, V:V), separated by Acquity UPLC® HSS T column (3.0 mm %150 mm,
1.8 pum) with methanol and 0.1% formic acid solution as mobile phase for gradient elution, then detected by
UPLC-MS/MS under the electrospray ionization (ESI') anion ion mode with multiple reaction monitoring mode
(MRM). Result The results showed that genistein, daidzein and glycitein had good linearity in the range of 2.0—
200 pg/L (r*>0.999), the detection limits of the method were 0.5, 0.4, 0.1 mg/kg, respectively, and the average
recovery rates at the addition levels of 2.5, 10.0, and 40.0 mg/kg were 79.3%-107%, while the relative standard
deviations (n=6) were 1.3% to 6.8%. Conclusion This method is simple, sensitive and accurate, which is suitable
for the determination of isoflavones including genistein, daidzein and glycitein from soybean.
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B BT, TR S A T R R H A B R
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FEM, o, BAPHETRL . TR A R AN A
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SR SR, BERERWERGH LR 3 Fhiff e il
B 2 AR A BE A A5, SR TR BB T R
WA Ik, DI SE PR E TSR 225 1

2 MB5EREE

2.1 IR
2,11 ZEA

HEE, Mg, 32F MERCK A Hl); LEE(fRE
4fi, 3£[F TEDIA Aw]);, WHI(f s, 3% FISHHER
SCIENTIFIC A #)); PRt gkal, KERSEmiLAiRHE

FRNFED); ArifEdh: 4% 71 (CAS: 446-72-0, genistein) .,
K T 1F O (CAS: 486-66-8, daidzein) . # o # 25 (CAS:
40957-83-3, glycitein)( 4 & >98%) . — H %L 3 AR (4l
99%)(Sigma-Aldrich FIE/AH]),
212 FBRHL

AR T 3 . R A0 O T A I E A T R 4R AR
X A P A HCR B A R E A L 13, B AL
F 500 g,
2,13 ME&E

Nexera X2 LC-30AD i i %0 AH 3% (L ( H A
SHIMADZU /A l); 4000QTRAP 3¢ it 1% (% H AB
SCIEX 7 fl); Milli-Q Element 8 4fi 7K il 45 1% (2 H
MILLIPORE 2 A); AB265-S HF K- (B 0.0001 g, Hit:
METTLER TOLEDO 7% ®l); G560E g iR & f% (£ H
SCIENTIFIC INDUSTRIES 24 #]); 3-30K {4 = 5.0
HL(FEE SIGMA /A 1]); BILON22-600B #7757 J2 B ( | i
AN E Z e YN
22 ZLWHE
221 &aEEM

g Acquity UPLC® HSS T3 #:(2.1 mmx100 mm,
1.8 pm); FiaNAH: 0.1% P RRIEW(A), HEE(B); BREETEHLAR
JF#: 0~0.5 min, 15%B; 0.5~2.0 min, 15%~35%B, 2.0~4.5 min,
35%~98%B, {14, 2.5 min; 7.0~7.5 min, 98%~15%B; ¥
2.5 min, H: 40 °C; HEMBEIRAE: 15 °C; #EAEE: 2 pl,
222 JRiEEH

HL 55 55 11 B8 5 X (electrospray ionization, ESIY); &5
FALHIER: -4500 V; SRR 450 °C; AATAURH: 20
psi;  MEZEAUERR: 55 psi; IR 55 psi; RlidE R
Medium; £ FE ML F: -80 V; il 7 2. £ 5 Ry W
(multiple reaction monitoring mode, MRM); Wil & % Al
SRR S HULE 1.
223 AREBERGEA

FREGE £ LA 3 Fidaiifh, FHF LW AR 3 Hoe
257 10 mL, FCHIE 10 pg/mL BIFRAERE W, SRJE 2
P LR R RbR I TAEW, HWREEYSH 1000 pg/L.

®1 3MFAMENRESH

Table 1 Mass parameters for the 3 kinds of isoflavones

sl L4 B Bsf 7] /min BB F(m/2) FET(m2) TERE eV
BHEFER 5.64 268.9 132.9%,158.9 -39,-38
KEHIT 5.49 252.9 222.9%,208.0 —45,-43
EEHRE 5.53 283.1 267.9%,239.9 —26,-34
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2.2.4 FsumE

I 500 g R EAESL, FABFES SRR LIS ok R HAd 60
H i, 4% iR AR 0.2 ¢ IFECKS 1 = 0.1 mg) T 50 mL
BB, A ZEE-K3:1, VIVIZREUR 20 mL, R HER
], @B HRE 20 min, 10000 r/min .0 5 min, %% _FIK
£ 50 mL A5 RIAEREFH 20 mL $RBUR AR, R
—W; A RIER, I B RIRBOR R R R R, A, 15
PRI . R ) 0.22 pm JENE, JTHEE & 508 A (4.15-
RGBTSR T A

3 HER5HH

301 (UEEHSMK
3.1 iR

SERHE, REFIOMESHRENSFRIE/D,
S 270.24 . 254.24 1 284.26 Da, 1 H AR A R AM: ) By
FRERES M, TR M55 8 AT . TEA—E
B IIR A FRMER I (200 ng/mL)F i rh, ZEiSHE 0
AR B F . FEF, RSB ANE B,
HEFLH . RiifEAE RS SR T . MRS i
FAEREERAE R X, 3 Fh R EIRE I 6 35 R
ESBIEMILE 1,
3.1.2  &igsAte e

SR JFH H - FH R 1 WA S i SRR RT LA AR 4531 R
WorE, AEFRPMAREANET 2, &0 ke T,
FEARIANL(E . HR T 3 Al H AR IG5y 7254, 1
H B aF R hARE, Bt ATE S Hr: L i B ) I B4
Bt . BUAb, AIAREAY . BRI A A AT EE L

BIAR R ESAB MR AR Al fRp har=E
5 HER AR PR, B, 7RSSl R e T
FIEMOIEE S RN T RIE S AR raE., &
WFFEAH A 32K B9 HSS T3 A1:(2.1 mmx100 mm, 1.8 pm)VEH
SIHTRE, SEERAS R WO HERYR EakiE T | R
I 3 FRATEE A MRM AR 1. B 2 fiR.
3.2 HROEEHHMIL

KGR R AL, W AR RS K.
BRI B — 2 1 LA TR A o AR SCRR ORIy 4fE -
- KR AR BUGRO BAS . RSk AR & S5 hHi Ak
F A FRBOICR Hgge g 77221 i HL 2 BE- 7K AT AT 25 L 431
TRA . BEME LA, BT LAARIF STtk F 2K AR SR $ U

AR, I T s AR . AR A
PSRN S I A P E AR R . bR A0,
U, SR A R IO T LAYE S It ] N 4R s i H AR Ak &
YIMEEBUSCR . SR R A B OA IR T2 58, 52 M A B
AR PR R ARG B BOR 0 H = — R (v V) L R BOR Y 2
B, PR AR EE | HE RS S AR A I D) RS S Ay
T, PRl | B ERR Y 2 R A N ) Y
i PR 22 Y, R v S 2 BRI Y P S L 1
i, T DA A A BR SR B S LT, TR A 2 0 )
K, PRECICR R . O SCER TR IE %, SRR G R 3
T 2% 89 90 8 (mv) g 1:15~1:300723) T A BF 5% {d
20 mL AR 0.2 g AR PR L (mVV) & 1:100, BLAR, 3
TR P RO, AT LB R S SRR g T
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Fig. MRM chromatogram for the 3 kinds of isoflavones
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32,1 RERT LELEH TR

B BN 15%., 30%. 45%. 60%. 75%. 90%
B 6 FHEBUR, ZEIRFEQO °C). A LIFR(S9 kHz, 220V,

20 min)fHFRISIET, 43 5HEIR<2.2.4” 1 5 Rt [l —3 531K
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Ion chromatogram for the 3 kinds of isoflavones from soybean

3.22 A EREGHA

TEIRBE (20 °C) . #A LI #(59 kHz ., 220 V)ARR B 451
T, A H<2.2.47 1 T 10 ) — 2 57 R 4 ) SR FH R I )
15, 20, 25, 30, 35, 40 min %5 6 Fhor X pEf AR,
EH SRS, SPATIE 2 K, BOEBIEIE T
B 3 MEERER: BB S EREER . KEH
JUHIEE G, AR E 55128 20, 20 F1 25 min, £
BHRE 3 PR BITETER A RS, SR SRR R

20 min,

#2 TREZESEXHTRAEIRNNESLSR (mg/ke)
Table 2 Determination of isoflavones under different ethanol content(mg/kg)
N 2R
WA H
15% 30% 45% 60% 75% 90%
SHERER 17.5 18.3 20.1 20.9 21.9 20.5
KRETTT 7.6 7.9 8.9 10.3 10.1 9.4
WHIER 1.6 1.9 2.3 22 1.7 1.9
#3 A EBAEREZETRHERNNELS R (mg/ke)
Table 3 Determination of isoflavones under different ultrasonic time (mg/kg)
- R B[]
A H
15 min 20 min 25 min 30 min 35 min 40 min
SHERER 23.4 24.6 23.9 23.7 23.0 23.0
KRETTT 11.0 11.7 10.1 9.9 8.7 8.9
WHIE 1.9 1.6 1.9 1.9 1.1 12
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3.3 FEMZMSEE G LR

ALIWACH EE TR KU O EERNES
PRUEVE IR RS AT DN E, FLBTHR R EE 735008 2. 5., 10, 20,
50, 100, 200 pg/L, VA58 3 e i ARG Jo i e B 1A 7
AT AR5, DL EARIER 3 A5H 10 /551 LL(SIN)
EaERER . KEHIT, HEHZWKHR(imits of
detection, LOD)FI%E it fR (limits of quantification, LOQ), 1
LRI 4 45 R R R 3 b S 8 R AE 2 ~200 pg/L
0 B N BYZRPE S B BT (r2>0.999), HiAS: H BRI it BRI 4%
B PARRHEMER

3.4 FHERNERMEMBEE

A BRSPS R 1 #mmﬁﬁﬁﬁﬁﬁf
WA, 3 Fh 5B B K 43 5008 10.0 .
40.0 mg/kgo 4 HMBREE RS, %F%E93M%ﬁmﬁﬁ
ALEEFIIN E, FEASBSIMACENE 6 W, 58] Fik 3 i w
il 2 6 [T AL SRR X B o O 22 (n=6) AN 5 BIrs o 45 J R :

3 Fofr S B i) 22 A1 T D RS R 79.3%~107%, AEH
BN 1.3%~6.8% o AHIFTE I 7% EIBCRAE 60% ~ 120%31E [
M, AHXFHRUHE (R 2 (relative standard deviation, RSD)<10%,
Tt A1 RGN o B R

AR

FA L3R5 B A i B 5 04 13 15 K SRR S kA T,
SEFPER, RKEFTHAHREHEZNS EKES5 K
6.0~24.3, 3.5~22.3. 0.3~2.2 mg/kg, LT LE 6,

35

4 &

AW T INE R SR | R EH T
LB A R OB (3 - BB R BRI, R i 5
PFT, 3 F HARY I (i I AR BE RS WA R0 1, D ik O HERS
JEE O L ANAGE H PRAE S IR AE AR H0 1 xS o 1) A L
Ko HINARI R R, SURMERR TR, EHTRE
Hh 3 S B R S I E

R4 3MFRMIEMEMFTE. BHXRY. BHRFESM

Table 4 Linear equations, correlation coefficients (r*), LODs and LOQs of the 3 isoflavones

&Y iy HXRE K BR/(mg/kg) E R PR/(mg/kg)
SRFHR Y=651X+419 0.9996 0.5 1.7
KEHIT Y=598X+744 0.9995 0.4 1.2
WHIER Y=3380X+3960 0.9996 0.1 0.3
F5 3 MEEERNMARE WS E IR (n=6)
Table 5 Recoveries and RSDs of the 3 isoflavones (n=6)
P Al mgke) 2.5 mg/kg 10 mg/kg 40 mg/kg
ISR/ % RSD/% ISR % RSD/% (B & 7 RSD/%
EREFHR 12.2 107 5.4 106 5.4 85.9 4.7
KEHTT 6.5 102 6.8 90.1 4.7 79.3 4.5
HOHE 0.8 86.3 4.4 94.9 3.6 92.2 13
* 6 ATPEEERMNNELR(ng/ke)
Table 6 Determination of isoflavones from soybean (mg/kg)
s EREFER KET HOHE S ERFHR pNEREP R
1 22.3 16.1 2.0 8 7.4 8.3 1.5
2 72 8.0 1.6 9 6.0 3.5 0.3
3 14.4 11.8 0.9 10 14.5 12.2 0.9
4 23.6 21.3 2.1 11 11.9 7.2 0.7
5 12.2 6.7 0.7 12 14.8 12.3 1.3
6 16.0 13.3 1.3 13 243 223 2.2

17.5 1.8
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