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monitoring, MRM)#ill . £58R  7F 0~20.0 pg/L JEFEIA, 14 Al HARE AP RIFIEIER R, HIERE(HKT
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Simultaneous determination of 14 kinds of flavones in health-care wine by
ultra performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous determination of 14kinds of flavones in
health-care wine by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods
The sample was diluted with acetonitrile-water (2:8, V:V) for 10 times. The separation was performed on a
Luna®Cg(2) column(100A, 150 mmx2 mm, 3 pm) using a mobile phase gradient with 0.1% formic acid and
acetonitrile. The determination was carried out with electrospray ionsource under the negative mode with
multiple-reaction monitoring (MRM) mode. Results This method had good linear relationships with correlation
coefficients (r?) not less than 0.99 in the range of 0-20.0 pg/L. The limits of quantification (LOQ, SN=10) of
14kinds of flavones were varied from 0.4 pg/L to 33.0 pg/L. At the spiked levels of 10.0, 50.0 and 100.0 pg/L, the
average recoveries of the 14kinds of flavones ranged from 78.8% to 96.7%, and the relative standard deviation (RSD,

n=6) was 2.8%—15.1%. Conclusion This method is simple, efficient, sensitive, and accurate, and can be used to
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detect the 14 kinds of flavones in health-care wine.

KEY WORDS: health-care wine; flavones; ultra performance liquid chromatography-tandem mass spectrometry
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R S, — Rl e PR PELF, S o B0 R ARG rp B2 00 %
R AR, BT LAX R A 1 XU PR RS
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AWETEBE IR WL A AU B AL S 0 iF
FERFR, I 5 OB AR G- BBk, 928 TR
14 BRI A Y A R R E, 2O TR TG | R
PUTLRE Jyoi

2 MHERE

2.1 NFEEERE

ACQUITY UPLC 7 =5 R0 AH 8 135 - B8 I o i A (BE A
HII 25 B TR, 3EE Waters AH]); XK80-A FEIRIE G4
(ILF38 B BT & A PR 23 H); HN200 22 Mg A WAL (U
B RE AN A Oy A R wl); Milli-Q 4l K R (3£
Millipore 2~ Fl).

22 MRS5S

RS FIZE M EE(CAS No.:501-36-0) . 128 M BETT
(CAS No.: 65914-17-2) . 1 & #2 B (CAS No.:
10083-24-6) . 7 1% % (CAS No.: 480-20-6). 1% ] (CAS
No.:153-18-4)., #il fz Z(CAS No.: 6151-25-3), S:ii fz 4
(CAS No.: 21637-25-2). H R4 (CAS No.: 60-81-1), 1l
Z8T (CAS No.: 520-18-3), 1L -3-0-25 7 Wi 11 (CAS
No.: 17650-84-9), £ =4 (CAS No.:480-10-4) , R H
(CAS No.:481-46-9), 2% (CAS No.: 480-18-2), 4
AT | (CAS No.: 521-34-6)(4li I 1E 98.0%LA |, db
R AE R A IR A F]; i Rk sl FE
BRCH RBHE R ED A BRA H ] R (E S sk,
Merck A Fl); K MHRAIK

o DU LR RSP A 240 OR A A 2 o B PR
H S
23 CREXRRIERE S

A3 AARBLAS BT I B4 5 mg, BT 50 mL 4%
AT, HREER, ER2Z0E, #5), B mL,
B 100 mL BRI, MREZIE, 5, G, 5
PR 2 IR B BARRE A 6 MHREERREE(S. 100 20, 50, 100,
200 ng/mL)AYIR BhrifE 4
24 HilEAREFE

B 5 mL @RS T 50 mL BHEIHE, AMEK
Q8 VB ZEZIE, 1151, it 0.22 um AHLIEME, Hugwk
YEAFE SR W E UPLC-MS/MS K 4347 o
25 REBIEZERN

{6 3%+ : Luna® Cg(2) 100A (150 mmx2 mm, 3 um); #E
40 °C, FEhM: A N 0.1%F BR/KIEW, B N MG, BEIE
PEIFEF: 0~5 min, 15% B £k¥:F+H = 90% B; 5~7 min, 90%
B A, {R%F 2 min; 8 min FEEXIIRIANAH, (A5F 2 min.
JiE: 0.3 mL/min, #FRESRE: 5 ul.
2.6 FRIEFRH

RS BEEEE RS AR iy £
J2 i W i (multiple reaction monitoring, MRM)#; &
T JEIBE 55 B JE ({onspray voltage, IV): 5000 V; <55 <)%
Ji(curtain gas, CG): 0.275 Mpa; & F IR : 500 °C; %%
S JEF1(Gas 1) 0.345 Mpa; JINHG B SR 71 (Gas 2):
0.345 Mpa. EME. ERE X, AL R (CE) R LK H
JE(DP)ILFE 1,
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Table 1 Main parameters for the 14 flavonoids by MS/MS

BT RS
wEY B N INY

TET (W2 (ZEEE Y FETF(m2) i RE /e V
75T (rutinum) -140 609.2/300.0* -53 609.2/178.8 -60
(Qﬁjifﬁ;ngjiiiﬁiii) -120 593.2/284.9% -51 593.2/254.9 -73
11125 1 (kaempferol) -100 284.8/186.8* -30 284.8/92.9 —40
S Ez 3 (isoquercitrin) -110 463.1/178.9 —44 463.1/300.2% -31
#75 YETF (astragalin) -105 447.1/283.8* -37 447.1/254.8 —49
L2 Z (taxifolin) -100 303.1/284.8* -18 303.1/176.9 -19
M3 Bz 1 (phlorizin) -70 435.1/273.1% -20 435.1/167.2 —40
Hit Kz # (quercetin) -100 300.8/150.8* -30 300.8/178.9 -26
77 #% 2 (aromadendrin) -80 286.8/258.9* -21 286.8/124.8 -31
HR 7Y 2 (ginkgetin) -120 565.2/533.1%* -38 565.2/389.1 -42
A AR (sciadopitysin) -120 579.2/547.1* -35 579.2/164.8 -45

e HE R T

3 HER55H

3.1 FRIEEHFHMmKL

PR R, IR T 14 FMEAYITE
1E | B TR AR A i NI L, R B 4 E R 2k
B W& AT BSOS, e B Fin, Fdtd
BTN — R R, AR ENTE T, A
JE AR A A A ) G B TR N R L A T L Rl A
(CEYEZHL, 38 —HRiE R, wHeF R T
(2 %tF B, LA MRM Bk 4540 A9 0 5 2 80
1),

32 BERHMEESHK
32,1 &gk

H PR EE A PR E PR AERE, BHYR
7R, H 14 FEEZALA YR Es AL, Bk TH L
AT, Y BEBUR  EaEAE . ARSEEG 4 iU
T AR S B 635K Luna® Cg(2) 100 A (150 mmx2 mm,
3 um), Luna® C;g (150 mmx2 mm, 3 pum), Kinetex® Cig
(100 mmx2 mm, 2.6 pm), 53R E/RLE 1), Luna® Cg(2)
100A (150 mmx*2 mm, 3 pm) L jEF: X &40 00 7 B 3R
FLASREAR, HUERIEST
322 AshtaeyikdE

AR T M K . FEE-0.19% HER . -
5mmol/L ZIREKER . LMK, ZHE-0.1%F k. K
-0.1%% K . ZE-5 mmol/L ZFRE K VETRAE N TSI, 14

i B WAL A 04 3 B R R 5L o 25 SRR, e SR Xt
KRS AL A A B S PR VR, AN R A Bl
R, B NLE VR, 4R ZE-0.1% H B /K i ok B
PRI A A WS T 0 43 B R B (UL 1) R I,
ARSI 2 -0.1% R R K V0 M I Bh A
33 HmBitE

B TR S H  30%~60%0 21, 111 2 BEXT #
FAL B AR s e, ARSI A SR T Crg
FHAERUFAE . GCB BIAHZERUSk . QUEChERS ¥kl I H
PR R HE R X IAR TS 206 s . S5 R, 2R
B BRI, &G Y 3 R AT BT 1 [l i
(76.4%~103.5%), T SPE #+{k.. QuEChERS #+fbxf 225
AW IRIBCR IR REAT BT i i, DR e AR S50 R F A
Bk ERE.
34 ERYMNAER

TR 2 B 2 A R R 2 i, R
hEA AR PR S T, B
JE T B TSN T DR B R o AR SIE B8 R T BH I 25V R i
HIEE B ZE(0. 5.0, 10.0. 20.0. 50.0 ng/mL 5 MRiEZ 1),
R 5 TR ) ) 45 P35 b e i 2, ARSI b 2 5 e e il
LINRPRZ R SRS YN TRON . G5 F% W, FiF
R (+27%) . S ECH (+37%) . AL R (+43%) A A [F AR T
4 5 T BRI, RS 22 (-17%) ik 2 2 (-28%) W A5 B . 11
MEIVER, BRI, ARy 3 2ok e i 56 B b v R A5 il 4R A %
s TR A VA D 559 8 RS A R
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x10* x10*
0T 1 | 343 2 120t 3.78 3
ol miz 226.8/184.8 6ol miz 388.9/226.9 miz 242.8/158.8
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L% 40} % 40 | g(
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20t 20 f
0.0 —— s : ; 0.0 el ad : . 0.0 s TRNTREP— s
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= 13 =~
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172}
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Q N 5L
2 = 1.0x10
% o
i 3+
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(1Y) " i g 0.0 L . . -
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4 S 6.0
1.5x10 10 1.5x10 1 3.71 12
& 1.0x10°} & 1.0<10°f 2 40¢
~ ~ o
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0.0 - = L et 0.0 . . - - . 0.0 . . ,
0 2 4 6 8 10 0 2 4 6 8 10 O 4 6§ 10
A} 1] /min s} [] /min A5 7] /min
4.0x103 - 1.5%10° 14 5.17
13 5.78 :
2/533.
mlz 579.2/547.1 ) : m/z 565.2/533.1
2 £ 104107
) 2.0x10°} H
# = 5.0x100 |
0.0 0.0
0 2 4 6 8 10 0 2 4 6 8 10
st [] /min Fif 18] /min

TR 1 FBEMEE; 2. ARSI 3. AR 4. RS T 60 MR 7. St 8. MREZH 9. INZEMS; 1010 A% 18 -3-O-= A il
T 1L B REHT; 12, SRS 13, SARGER; 145K
1 14 P pZE b4 Yy Bl MRM 514
Fig.]1 MRM chromatograms of 14 flavonoids
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35 FHAEFWIE

FEE AR ST 9 B ) — R 80 5 AL VAR B AR B AR T VA T,
FETERE B T AN T3S A5 1 T 0 S5 EA T hm o il 42 (R 23361
DL H bRl 43w AR O X B AR 2 43 1) [0 i VR OOV 2k [l
H5HT, RN KRR MR RBOLE 2), 45
RFEW, 14 FLAYTES AR N T2 R RAT,
HISERB(ABIKRT 0.99, & A BT 76 BRI 2 (RE
s A W = 0 S B 2IR S AR e 5, TR ST E,
X 3 He Ak A W A H BR AT A2 B BRI TIEAS, RBIAFLS
YIRS R E R 22 SR, DA 3 AR (B I HL(SIN=3) ks
HFR (limits of detection, LOD), 14 Fh & HilZS k& ¥y H: H
FRoM 0.1~10.0 pe/L; LA 10 f%5{5 M b (S/N=10) K 1 & R
(limits of quantification, LOQ), 14 Fh#EAZSL-& Wi E
FR 7 0.4~33.0 pg/L(WL3 2),

3.6 [EWNRFMEZE
DL o {8 1 S 0 m [8] 0 52 06 10 86 5, in AR K

SE4RB1N 100, 50.0. 100.0 pg/L, % 2.4 5474 5L BT
RbF, AE 2.5 TR 2.6 TSR T AT I E, 3 A ) 2
S bR AE TR A B2 IE SE BN, A INBR K- 6 41
1o BRI 3, 14 FREWILA WA 10.0. 50.0 F1
100.0 pg/L 3 AS7KFE T B 29007 5 % 78.8%~
96.7%, FAXIFRIEM 2 (RSD, n=6)N 2.8%~15.1%, iifi /&
FE AT ER
3.7 SEPRHERBNE
MBS, AT 15 T B AR AL S b 14 Fb
WAL EWAATINGE, SR 4. FRAIINE ST BN
I s #EEER, BB EY AR T ST
Ay -3-O-Z= A BEFF, WS =AE 7.0~1750 pg/L Z[Al;
A H BRE S ETT 40 Hr, BRI MRS . AS T 5 it
WHER AR, FAME 2 HER A S0 28 AR B FE i T
AR, FTRERX 2 A AS BURHEL LR —FF, PrsStn
WA, HER 8 HER A Y R H

R2 MMAMRLEUHEMETER. &EHE. BXEH. RUERFESR

Table 2 Linear ranges, linear equations, correlation coefficients(r?), limits of detection( LODs) and limits of quantification(LOQs)

of the 14 flavonoids

asl/] LR PEVE F/(ug/L) eI R P (0) LOD/(pg/L)  LOQ/(ng/L)
FI2E P9 (resveratrol) 2~50 Y=8.97x10°X-2.44x10* 0.99877 0.3 1.0
FIZE P H (polydatin) 2~50 Y=5.41x10°X-7.84x10° 0.99944 0.3 1.0
I B A2 B (piceatannol) 10~100 Y=752.78X-1.58x10° 0.99878 5.0 16.5
71 K (aromadendrin) 2~50 Y=3.54x10*X+3.96x10° 0.99957 0.1 0.4
74T (rutinum) 2~50 Y=2.53x10°X +342.41 0.99983 12 4.0
Hit Hz % (quercetin) 2~50 Y=2.57x10*X-2.82x10* 0.99945 1.0 5.0
S 5 1 (isoquercitrin) 2~50 Y=4.48x10°%+1.19x10* 0.99906 0.6 2.0
HRBZT¥ (phlorizin) 2~50 Y=1.87x10"X-4.01x10* 0.99779 0.3 1.0
11 ZE B} (kaempferol) 2~50 Y=511.14X-1.15%10° 0.99908 55 18.2
(kfjff’\e'i;g 'iiﬁi) 10~100 Y=1.87x10*X+3.43x10* 0.99882 1.0 4.0
48 B YT (astragalin) 2~50 Y=1.18x10*X-1.02x10* 0.99946 0.2 0.7
EAZN K (taxifolin) 2~50 Y=2.89x10*X-5.66x10* 0.99854 0.5 1.7
4 WA WU B (sciadopitysin) 10~100 Y=251.33X+832.20 0.99959 10.0 33.0
B4 2 (ginkgetin) 10~100 Y=378.44X-154.89 0.99920 10.0 33.0

TE:Y: WETRL X BT, pg/L.
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3 REEP 14 FHEIRAEHWE 3 MNERKETHEE(h=6)
Table 3 Recoveries of 14 kinds of flavonoids in wine at three levels (n=6)
fEIKF kR K
latgy]
ISR /% RSD/% ISR/ % RSD/% (B & 7 RSD/%
SE-J5] 90.9 3.8 95.6 4.5 96.7 3.9
S5 3¢ 81.5 2.8 82.7 32 83.9 3.0
M A2 80.2 15.1 82.5 12.1 84.6 10.3
EHR 88.5 2.8 90.2 3.2 92.1 5.4
T 80.1 6.2 91.2 6.3 84.2 5.1
Wit = 92.0 4.6 92.5 5.4 92.6 6.0
SR T 82.5 5.9 82.9 3.5 84.2 49
ity A 92.5 4.2 93.1 3.9 92.1 4.5
L ZE 89.8 6.5 91.5 6.2 93.2 6.1
WA W3 -3-O-ZE AT 90.4 7.6 89.9 8.1 92.5 4.9
BERWAT 92.8 7.8 94.9 7.6 94.3 3.5
VAU S 93.7 3.4 95.4 3.9 93.5 3.1
BRG] 85.1 13.4 85.6 12.1 82.5 9.8
AR 78.8 14.6 81.2 10.5 82.6 12.6
F4 1SHREES 14 HMERELESYNEEN=3)
Table 4 Contents of the 14 kinds of flavonoids in 15 batches of health wine (n=3)
5 T /(ng/L) S A/ (ng/L) I B -3-0-25 A1/ (ug/L) Hofth 11 FhH A/ (pg/L)
1 326.5+13.2 112.846.8 ND ND
2 1750.7+52.5 29.7+1.8 107.3+6.4 ND
3 ND ND ND ND
4 ND ND ND ND
5 ND ND ND ND
6 ND ND ND ND
7 ND ND ND ND
8 ND ND ND ND
9 696.8+20.9 82.942.5 27.7£1.7 ND
10 ND ND ND ND
11 ND ND ND ND
12 102.1+5.1 7.0+0.4 15.8+0.9 ND
13 21.2+1.5 11.3£0.8 11.0£0.8 ND
14 ND ND ND ND
15 ND ND ND ND

TE: ND FoR AR H6 i .
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