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 E:BHE REHAER KEHFAAELELTHL T AN, EIRHARMEE-FRAENT KT FF
FWEL T E, AE HRACE-RGHL,W)RR, 2 -4 458K MEE, A Acquity UPLC® BEH C,,
(2. 1 mmx100 mm, 1.7 pm) 5 & , A FEA 0. 1% F A& (4 5 mmol/L. T84 )1E AR M ATH el &
HEREFHEX(ESI) B &, 5w B X sirhn, £8 FHAZBR . KELHFTE S 0~500 pg/L & B AL
PE% Z B (>0.995), 7 ki 4 B R4 A1 4 2.7.4. 0 mg/kg, £ 300. 0.600. 0.1 200 mg/kg 7 #m K F 84 F 35 =@l &
# 89.4%~102. 2% , AR T AT et £ (n=6) H 1. 5%~4. 6% ;3% 2% F J£ 0.5~50. 0 pg/L & B A LKA £ & R4F(r>0.995),
7 ke #e IR A 0. 6 mg/kg, £ 30.0.60.0.120. 0 mgrkg & A K - 49 F 34 @l & 4 85.7%~104. 0% , 48 x4 4k £
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Determination of isoflavone in soybean by ultra performance liquid chromatography-tandem
mass spectrometry
LIN Shengjun, LIU Guoping, XUE Rongxuan, LU Liming, WEN Yilei, HUANG Yingsi
(Zhongshan Municipal Center for Disease Control and Prevention, Guangdong Zhongshan 528403, China)

Abstract: Objective To establish a method for the determination of isoflavone in soybean by ultra performance liquid
chromatography tandem mass spectrometry with the contents of genistein, daidzein and glycitein as the indexes.
Methods The samples were extracted by ethanol-water (3+1, V/V) , separated by Acquity UPLC® BEH C18 column
(3.0 mm %150 mm, 1.7 pm) and then eluted by methanol and 0. 1% formic acid solution (containing 5 mmol/L
ammonium acetate) as mobile phase, detected by UPLC-MS/MS under the electrospray ionization (ESI ) anion ion mode
with multiple reaction monitoring mode. Results The linear relationship between genistein and daidzein was good in the
range of 5. 0-500 pg/L (r>0.995), the detection limits were 2. 7 and 4. 0 mg/kg, respectively. The average recoveries at
the addition levels of 300. 0, 600. 0, and 1 200 mg/kg were 89. 4% to 102. 2% and the relative standard deviations (n=6)
were 1.5% to 4. 6%. The linear relationship of glycitein was good in the range of 0. 5-50. 0 wg/L (r>0.995) , the detection
limit was 0.6 mg/kg. The average recoveries at the addition levels of 30.0, 60.0, and 120. 0 mg/kg were 85.7% to
104. 0% and the relative standard deviations (n=6) were 1.3% to 2. 8%. Conclusion The method is simple, sensitive
and accurate, which is suitable for the determination of isoflavone in soybean.
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Nexera X2 LC-30AD A & 80 AH 0 3% L ( H A&
SHIMADZU 2% 7 ) ; 4000QTRAP & 1B 5 3% 1% ( 3% [
AB SCIEX 24 7l ) 5 Milli-Q Element #8 4li 7K #L ( 36 [#
MILLIPORE 23 7)) ; AB265-S i, 7 K (&4 0. 1 mg,
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3% 45 : Acquity UPLC® BEH C, A1 (2. 1 mmx
100 mm, 1.7 pm) ;3 shAH:0. 1% HERER (5 5 mmol /L
LR ), M EE(B) ;16 B e B A2 T : 0~0. 5 min, 15%
B; 0.5~2.0 min, 15%~35% B; 2.0~4.5 min, 35%~
98% B; {#4F 2.5 min; 7. 0~7. 5 min, 98%~15% B ; {4
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ML Mg %5 11 B F B X (Electrospray ionization,
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Table 1  Mass parameters for isoflavone

Wy 5 44 R £ B4 15 8] /min BT/ (m/z) T BT/ (m/) Tilf 188 BE 4k /e V BTFEEL
Y N 4.81 268.9 132.9%,158.9 -39,-38 0.426
UNCRE PN 4.64 252.9 222.9,208.0% -45,-43 0.825
W R 4.65 283.1 267.9%,239.9 -26,-34 0.331
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Table 2 Single factor experimental results of enzymatic

hydrolysis of soybean isoflavones

i W A2 AT -
B R i RE EEEE/ Lo

F5 af/m BR/mL RE/C (meg/ml) o/ (me/ke)
1 1.0 0 40.0 4.0 629.8
2 1.0 0.25 40.0 4.0 1180.8
3 1.0 0.50 40.0 4.0 1107.2
4 1.0 1.00 40.0 4.0 773.2
5 1.0 2.00 40.0 4.0 397.2
6 1.0 0.25 20.0 4.0 857.7
7 1.0 0.25 40.0 4.0 1186.8
8 1.0 0.25 60.0 4.0 1091.6
9 1.0 0.25 80.0 4.0 777.1
10 1.0 0.25 100.0 4.0 513.9
11 0.5 0.25 40.0 4.0 952.8
12 1.0 0.25 40.0 4.0 1174.9
13 2.0 0.25 40.0 4.0 1223.3
14 4.0 0.25 40.0 4.0 1148.6
15 8.0 0.25 40.0 4.0 1071.5
16 2.0 0.25 40.0 0 62.9
17 2.0 0.25 40.0 2.0 866.3
18 2.0 0.25 40.0 4.0 1209.2
19 2.0 0.25 40.0 8.0 1213.1
20 2.0 0.25 40.0 12.0 1177.8

SR 7 A ) R I A P A B B S ik
MG B Y g H B >4, 0 mg/mL B 0 7Y S 6
R R TIE , I QOB H IR G A 58 42

MRM chromatogram for isoflavone

Pl A AL A

P TR 85 45 A T, R T S T W LT ) 3 R G A S
PE 53 2 BB TE] 2 b Z R & 0. 25 mL W i
40 °C R ] B 4.0 mg/mL (3% 4 44 T 1§ 1] &
8.0 mg/mL HI45H 1 213>1 209, 15 J& M 119 7] JH R
Z & ,4. 0 mg/mL (R HEL T 8. 0 mg/mL) .
2.3.2 ExidEm 5 R

FRAE b B PR 3R 56 0 45 L, X 6 A ) 3
VKT R FH At B[] il B 24T 4 IR 3 7KF I IE
AR, 25 KR MK OF L3k 3, 0E 38 g 45 L DL
P 4. MREIE B AR 25 43 BT i 25 SR T A 45K
5 PR 3R X 7K A 5 5 e B Y A D>ASC>B, H e
it} F 1t D (5% WA B R 5 R A5 B 3 %) S5 B T 2% Y
IR K T 15 B 2 R B AR 4L B ALBLCLD,, B
0.2 mg/mL A9 K & £2 BUOH , 76 BE A 45 °C ATk
BEAR 0.25 mL B 41F T, H 5.0 mg/mL 1Y B-7 %5 b
TR 1.5 h,

223 KSR AR S A 5 PR 2 AR P
Table 3 Experimental factors and levels of enzymatic

hydrolysis of soybean isoflavones

g R
KV REE/C VKBS /mL BEE/h AT/ (mg/mL)
A B C D
35 0.20 L5 3.0
2 40 0.25 2.0 4.0
45 0.30 2.5 5.0
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Table 4  Orthogonal experiment and results of enzymatic

hydrolysis of soybean isoflavones

gy H# SR
A B C D /(mg/kg)

1 1 1 1 1 1159.2

2 1 2 2 2 1177.1

3 1 3 3 3 1 198.6

4 2 1 1 3 1209.3

5 2 2 3 1 1181.0

6 2 3 2 2 1194.4

7 3 1 3 2 1168.0

8 3 2 1 3 1222.3

9 3 3 2 1 1174.8

K1 35349 35365 3590.8 3515

K2 35847 35804 35463 35395

K3 3565.1 3567.8 3547.6 3630.2

k1 1178.3 1178.8 1196.9 1171.7 T=10 684.7

k2 11949 1193.5 1182.1 1179.8

k3 11884 1189.3 1182.5 1210.1

R 16.6 14.6 14.8 38.4

AR5 R 1 638 S R C18 3%
0 2 R 60 O B9 T8 1580 49 278 1
% A B 7 2 L5 8 10 S5 3 IR 5 40
B R T, 0 — 3 T LA WK 1 0 2 R 0

M), % ol S 8 ) 2R 1 €891 0 ) A3 B ROCR & 1 i
o MWEN T ATRLAE R G HRIE 24 A,B,C,D, 41
G A R N A G S NBH C AR
A 1 5 25 i 1 0T o
2.4 J7 B A
2.4.1  FFIRAYLAETLE A R A i BR

e 1 24 R A R | B O 0O B R AR A
P A VR AR B R AT O i, EG e ol R v R A
JUR W RS 5.0.10.0.20.0.,50.0,100,
200,500 pe/L, B B R R E W RFIH 0.5,
1.0.2.0.5.0,10.0.,20.0.50. 0 pg/L. #RJ5 AR 4
TR B 1% D6 T BRGSO o R R R AT R R TR, DA
H AR 3 4515 e L (S/N ) B 78 YRl A 5 i | #5795
JC AN O 2 AR Y BR (Limit of detection, LOD) ,
PLH BRI 10 17515 W He (S/N) B 58 e R K B I | %
AU A E G R A0 E & R (Limit of quantitation ,
LOQ), PEANZE WL 5. 4553 0K .3 Fh 53 3l R R
G MEE WA IR E RINER N LR R
U (1>0.995) , HoAS H BIR A o PR 2406 2 K Wb S 8
T 25 19 A BT 23K

5 SR AL TR AR OC A B A PR PR

Table 5 Linear equations, correlation coefficients (r), LODs and LOQs of isoflavones

L R FFREr LODs/(mg/kg) E PR /LOQs/(mg/kg)
Yo A # y =318.37 x + 692.33 0.998 7 2.7 9.1
PR W y =242.26x + 831.44 0.999 3 4.1 13.5
WU E y=1370.27 x + 131.82 0.998 9 0.6 2.0
2.4.2 5 Ik R B ORORS % 226 SR 2 A0 AR [ CRORE 9 B I 50 45 SR (n=6)

W B8 R IR A K R S ek 80 H B I A 1 4]
TRAE AR R R SIS G 56 1 A o B — Y
AR, A L3R 3 Fh S B R 2R A TR A b A W,
Y b R B R A AT 0T A IR K F 43 51k 300. 0.
600. 0.1 200 mg/kg, IMij #& 5. # 2% A9 I K550 4
30.0.60.0.120.0 mg/kg. #RJG , ¥ B “1.3. 47 )7
AT A BRI AE A I K AE 6 I,
AR 3 Rl R B A 2L Y (DR R R B 25 . 4
HE R 3 P S R 2 A ST 2 b ] R R
85. 7%~104. 0% , K& % £ N 1. 3%~4. 6% . AWFITHY
J7 ¥ [ R AE 60%~120% 30 B N, A X b 7 T 22
RSD<5% A 5 £ it K ) JB 52 A o (9 A
2.5 Jrikmn

FH A 37 0 T 2 6 A i A 7R Y 6y K AR b
AT 2, A5 5 B R 0 F &K R 1110, 6~
1425.3 mg/kg, FEMEE R IR 7 F1IE 2,

3 &g
ASHEFEHE L T I K R R S B AR R

=

il

il

Table 6 Recoveries and RSDs of isoflavones (n=6)

WA B f’;’;ﬁg ZTT/% rﬂfﬁf) B /% RSD/%
300.0 922.0 93.3 3.4

;}f;%‘/r\ 642.0 600.0 1236.0 99.0 3.6
1200 1715.0 89.4 2.5

300.0 797.0 91.0 4.6

KEHIT 524.0 600.0 1137.0 102.2 2.9
1200 1 698.0 97.8 1.5

30.0 85.1 85.7 2.8

W 59.4 60.0 121.0 102.7 1.6
120.0 184.8 104.0 1.3

T KRR A E S5 (mg/kg)
Table 7 Determination of isoflavone in soybean(mg/kg)

, oG E

WE emARm kufrr | Roms | O mR L
1 640.5 524.2 57.1 1221.8
2 572.3 484.7 53.6 1110.6
3 735.6 624.5 65.2 14253
4 672.5 584.0 59.4 1315.9
5 622.4 518.9 56.3 1197.6
6 711.2 607.5 64.2 1382.9

T R A 3 - A IR B 1, AR R E Y 3 AR
& FUbR 60 €3 A 9 BE 68 B AT R B, O ik A
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Figure 2 MRM Chromatogram of isoflavone in samples
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