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R 210 S5 A XA ORI MR OB P 8 R GRS ICR . DL 1R AR IGA T, S
W VRURESLATIE, R Crg BEAE A3 B8, 0.2% BRI ZIFVE R A s AR BEVEIR, 76 1E 25 F iR R )
R, 5% 220 P, B 22 S oy W 5 2 (mltiple reaction monitoring, MRM)#EATIN &, FeiiisksMrikem., &R 8 Fh
HARPITE 1~200 pg/L ki BT FZE R AT, AHOCREL(®) N 0.9976~0.9999, Xt TR, Jr ik th B
(limits of detection, LODs)} 0.2~4.0 pg/kg, & &R (limits of quantitative, LOQs)} 0.6~10.0 pg/kg; % F EARLL
kL rRK B 1.0~20.0 pg/kg, & AR 3.0~50.0 pg/kg. SRFHIZ X 39 Bl B UCRHE Sk ik 143 #T, 3 4
IR IKEFE PR FEE R, TR K 27.9~35.8 pgke, WMEEMETFIT T EREPEERLLEY
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B URBMEY S AR R
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Simultaneous determination of 8 kinds of coumarins in beverage by high
performance liquid chromatography-tandem mass spectrometry
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(Institute of Food Safety, Chinese Academy of Inspection and Quarantine, Beijing 100176, China)

ABSTRACT: Objective To establish an analysis method for simultaneous determination of 8 kinds of coumarins
in beverage by high performance liquid chromatography-tandem mass spectrometry. Methods The extraction
effects of 8 kinds of coumarins from liquid beverage and solid beverage were investigated under different
experimental conditions. Acetonitrile was used as extraction solvent, after the ultrasonic extraction and frozen
centrifugation, and then the analytes were separated with C,g chromatographic column using 0.2% formic acid water
and acetonitrile as mobile phase for gradient elution. Finally, the eluents were determined by multiple reaction
monitoring (MRM) of electrospray ionization in positive mode, quantified by the matrix-matched external standard
method. Results Good linearities in the range of 1-200 pg/L were observed for 8 kinds of target compounds, and

the linear correlation coefficient (r?) were 0.9976-0.9999. The limits of detection (LODs) and limits of quantitative
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(LOQs) were 0.2—4.0 pg/kg and 0.6-10.0 pg/kg for liquid beverage, 1.0-20.0 pg/kg and 3.0-50.0 pg/kg for solid

beverage, respectively. In this study, 39 commercial beverage samples were analysed using this method, and

coumarin was detected in 3 carbonated beverage samples, the content range from 27.9 to 35.8 pg/kg. All measured

values were lower than the LOQs of 50.0 pg/kg coumarin in the current method standard. Conclusion This method

not only has high sensitivity and low LOQs, but also is simple, rapid, can meet the requirements of simultaneous

determination of 8 kinds of coumarins in beverage.

KEY WORDS: coumarins; high performance liquid chromatography-tandem mass spectrometry; simultaneous

determination; beverage
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HTOEFENTEEFUFRZ —, AT HASE
o (HEEMEE EM, FEEXN/DRIGE R, feglk
A= N U R G AR ey e F S N W el B
RN T A A SR MEEER, GB 2760—2014 (54
SE G ERRINAE AR ) TERAIINE G R, B
B RS NIAE IR SR S o B
4> J7)(European Food Safety Authority, EFSA)& AT H
% A& (tolerable daily intake, TDI)Jy 0~0.1 mg/kg-bw®, [
60 AEACTFIR, PORE Dol F AR ih Az 7 Fil s R R i B B
HH A S Z, AR 5K . BRERUCRE . JETT . FLIOEE
TR UORFE o BEE BT AR, 15 28 X ok Rk 5
PR A T 2 R38R, PORM P S 3R A R 75 30 19 1Ok
7, A TR SISk, (HEAERR
F P R BF, AR T VAE B 2 A AU o

o AT BN B R 5 R B AT ol bR HE SNUT
43182015 (A BT EER ., 6-MEFLTR ., 4K
HR,T-WEIEELCR BMELR ., 7-CAk-4- WL E
GESEWE ) xR E T R AW S =
EMBRE E, M 50.0 pg/kge T HBDHF G EZIZMULEGYH
ey, W 7-HEEFER | BELR. 33 HIEN(T-—2
JHe B T3 S P A Ry A R ARSI A £ i v T g ok
WA, B RGP AE SCk i R IR, HOB D AE
R 5o PR, SR BEORHE S 4, PRAIETH 2 IR
s, B POR T 2R ORI W [E e
DR BT,

HAr, s H 2 Ay Bk FEs
AR 3% (liquid chromatography, LC)® ™, S 3% i 1%
1% (gas chromatography-mass spectrometry, GC-MS)/" i #H
4, 3% - i 3% ¥ (liquid chromatography-mass spectrometry,
LC-MS!'SIH1 £ 40 45 o, K 5 (capillary  electrophoresis,
CE)!M. A (i R AC B )y 342 2%, Bt lal &K, 16
BRI Z A 5y TR, FEAE RN ), 305 5K
BRI AR T - R 9 R FH A s
(select ion monitoring, SIMERXFILGWHEATi0Hr, ZHER

TR, 2 BUBPAPEL RIS, YANG SR IR
0 1% - = POARAT /5 5 2k 1k B T BIE 5 BBk A 125 [liquid
chromatography-triple quadrupole linear ion trap mass
spectrometry, LC-QqQ(LIT)-MS/MS], W [&]if % £ 5 H A4k
EYIEATREN, 12071 R, (0 — BRI 556 2 XE L
PC # MA B sm FAAR BE# o ASBIFTERE ST T R O (1 -
HEX ik (high performance liquid chromatography-tandem
mass spectrometry, HPLC -MS/MS)[w] sl & okl A 8 Fid 52
RIAEW L, AR 8 R BRI AT
(]P0 R AR AEROR 4

1 MR5ERZE

1.1 MR5RF

ARG AT T 45 K R T R AR UORMEESL 39 1], £
FERAR K . Rt ort . SRLRE . RBEFLIRE . Bk
TR, ZRURE, Esh ok, ETIME . PR2RRET . hAS
L TR KRBTSR BRIRIRE . S LIRS
B FE A FR A4, WA . SR RRM . Ak
FAE AR FE SRR T IR A e, JHie A
PRA . ke IR RISEE R, 4 CCREEIRE, &

2. WG, £ Fisher /AR, S&ikdh. T
IKBRERAN (b al, T EE REAR);, FEE., 7-FARLE
HE, EAFVR. THEEEER. 1- 28R4 EET
H.MMECR., BMELR, 33 RENT- O kFE
R)EEY KT 99.6%, FE[E Dr. Ehrenstorfer GmbH 2 ).
12 UFE5EE

Milli-Q # 47K A% (3 [E Millipore 23 7]); KQ-500DE i##
FIER AR I T A R A F]); Allegra X-22R =%
% .OHL(3E E Beckman Coulter A FRZY 7]); PL203 HLF R
V- (M TR 2 (R R AT BN Fl); Vortex Genie 2 i€
PETH#%(EE Vortex /A F]); Symbiosis Pro ¥ AH 1 (faf 2=
Spark Holland 2\ #); QTRAP 6500 = & PUM T il & 45 (35
& AB SCIEX 23 ).
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50 mL RNEEOE S, MEFINA 10.0 mL 28, Wi
% 30 s, A 5.0 g SAbENE, BRI 10 min, &0
5 min (8000 r/min, -4 °C), B 1.0 mL ¥, & 0.22 pm A
MLUEHE, R,

HERFREEM AR YCRHAFE 1 gORHIE 0.1 g), BT 50 mL
BRKEE.OE TR, MERIIA 10.0 mL 28, BIERY 30 s,
A 3.0 g JOKBRBRENG, AR 10 min, 2.0 5 min
(8000 r/min, -4 °C), 1.0 mL i, 3 0.22 pm A3 HLIEHE,
SRV
1.3.2 ARk &R Bt

Iy AMERFREL 5 megCHERE 0.01 me)tRiEd, BT
5mL/VBERR, ERERE 50 mL AR AR T, 2
BRI E A 228, 1R5, Tk a R » 100 mg/L #5
HEREARTL. 4 CCREEIRAT, .

133 AR EfRAFES L

A AIRRBUES AAORHEE S 1 eCREE R 0.1 g), #2131 19

T5 15 S8 BURE R RTAL R, A5 2R IR UORMEE i B4 32 iR 4R B

TR, AR O $R B A Ay s TR Vs VAR T % R S M AR
134 MELEH

2 SCHRU TP T i, AN ST IR AT OC S R
Tk,

WA g 21 i H A Agilent Eclipse plus Cg
WAH A TERE(150 mm=2.1 mm, 3.5 pm); FEIHH A Fy 0.2%H
BRKTEW, WishH B 9 LJE; Tiid 0.4 mL/min; FE7 40 °C;
HEFERE 10 pL; R SHARBEREVELARF 0.00~2.00 min, A 4H
70%, 2.00~12.50 min, A 41 70%~10%, 12.50~13.00 min, A #H
10%~70%, 13.00~15.00 min, A A 70%.

J ik S H e A LSS 2 F U (electron spray
ionization, ESI), P X IE R, MERECE 2 )
I &5 F- Wi (multiple reaction monitoring, MRM)#&X,, 45
RLHER R REERER S AIAR, BN 4500V,
THRIRE A 600 °C, T EH 40.0 L/min, 5510 TE
J124 275.8 kPa (40.0 psi), GEMERS TR | JE Tt B0 FIflE
e HAL SISO 1,

Fx1 SHBFETRLUAVHNRENEBEIRLESHK
Table 1 Retention time and mass spectrum parameters of 8 kinds of coumarin compounds

Ew {4 #4157 /min B85 F (m/z) TETF (M) T fE/eV ES LAY
FEE 438 147.3 102.9%/91.0 20; 30 55
T-HERFEER 5.16 177.1 121.0%/134.1 30; 40 60
ZAE/ER 537 149.1 107.0%/121.0 20; 20 50
T-HIHEEE 5.84 161.1 105.0%/115.1 30; 30 55
T-LRFEA-R R ER 7.25 205.1 177.2%/105.0 25; 30 55
[ EEiNe A 7.96 354.1 249.1%/163.0 45;20 50
WHEGER 10.56 323.1 251.0%/173.1 25; 40 46
33 REE(T- L MFEER) 11.31 461.0 244.0%/446.3 25; 35 50

EERE T

2 HER5SH

21 BUEFHMER

—EPURAT IS AL — AR R T TR T
PN, WisFHUE . iR REHERERSFRILIL . ABFERL
FERTESTH I 20K 0.1 me/L W97 R4 8 T A ARIbR A I
SIUGEABGE L, TEIE & T4 iy — 24,
PR 4= BER R AR ERE R 1, 19 3RRE i1 1 7 I
[MHH]", X LRI TIALSS, FRE— B X R REIE T
b, gl U, SRR LA —HBEEE,
TEATHRATI R T ZAHRITHR A E T A
s L Ve I e VA N DS R R (o R R I o
TREMEMER, 8 FifF R KA B TIRE LA 1. i
JATE MRM IE B T s X s fL s . 5%
PRIEUEE . EFRHUE . REERERE . AL EE A A R RS

TESAL, LR B PO S RO DR B IR E] AL 1

25 -

7
¥
20 F
- 5
S 15+ l
% 10| 2, | 8
i 05 11 ‘3l l l
. [ “\““l‘w
0'00 é — é |9 12 1|5
A4 B8 i 8] /min

Tl BEE 2. T-HAREER 3. ZAFER 4 T-HERY
;5. 7-LAMA-NIERER; 6. MHTER, 7. MELE;
8. 33 FRILW(T- L FHR).
K1 8 ME L REAS YRR RSB T i
Total ion chromatogram of standard solutions of 8 kinds of
coumarin compounds

Fig.1
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22 BERXHHER

h S H ARSI 0 e Ay B ROR, TER E
Agilent Eclipse plus Cg (it it )G, ARUFRFEL T
CNE-HmAK . HEE-HERK . HE-K . ZHE-KP T4 R
SR Z X HARME A IR Ay B sE i . 45 R 2 IG
R, 8 Ml R A YA B AR, B g
R LE 12 min Z N; S3E8 M- KK RE, A&
3R A ] 5 K e FH K AR R, HoAth 7 Ak
A e I R R R s, HL - BRKAR R R (A
FERTH 32 18 B, 255 25 IO BRI IE] L 5 j o i
AT, e 25 - H R K R 22 0 VRO €833 1) s A
23 RIRIEF AR
23.1 RICEA Wik

e PR BUCR F2 2 R BRI R L BRI = $RIR
ISR R e, T &SRB E Y5 T R,
AWFFEHEAT 3 AU (10.20.50 pg/kg) AR B SE S, 46
AR 2 VAT, B EICR, SR . .
MR PR 8 P B R A . SLIREs R
K 2 ik, WECRIRBUARIN, HOX 7-HEFDE. 7-
HAREEEM 3,35 (7- M 5. 2) M HEEUR
RIMETF 20%, A HEZ M EIICRE T 28 R BUE 7
B R, B PR, A F TR 3,35t
W(T-Z A G F) R B BISCRANTE 4.9%~23.5% 2 [7] o
PBOURFIN 7-2 FFe-4-PRFE R AFEE R E S
RIS AR s 2R FH I AR B R, 8 Fi
T RIS RRILE 75.4%~110.8%2 ], Hith, Mz
8 P B Z AL AW FBTINE, A ke LNEE N
PRBOAT

120

232 FRIRATE] 494840

FE S BRI [ 2 — N E S5, SR A
AR BARY 58 e RO R, TR IR (] 4 AT R 2y
A TR RS A E R EER 2 LGRS A R,
AT EAN FE R R ) (1. 5. 10, 15 1 20 min)Xf
% VR ERBUS R, A REU T 2 P17, B
SRR, WA R I, HAR b &P S s R
HARFE TR, WA 3. YEEEETICY | min B, BFrfbs
YA BRI T 40.0%, 43RBT E] 4 5 min B, 7-F 4
EETR . BEMEERMEMCRYE B 75.0%, HEE#
RN, BTG AR Ak, 3R E Y 10 min
W, H#EE. 7-HEFTER, _EF0IEK. 7-28H#E4-H
HETEM 33N (7- — 2 W T )P R
80.8%~85.4%; LI E]#R T 15 min BF, 7 A HAMELEY)
F4 (BSR4 B BT T 1 17 R e S B BT 1] 24 20 min B,
WE G R EEER] 94.2%, HAFHFE 2 M EICERL
H AT 7% 5 LR, HEBEERUNE, LB 8 MEEE
FALE PR R B HRIEL, ARFSOR A HEE 10 min, A5
B 8 AL A Y EICRAE 76.4%~104.7%2 [A] .
233 RBUREE T

2 JEF P R BOR B SR BUSCR 52 W), ARTHF R %
ZL. . 3 ANESIMAKCE0, 20, 50 pg/kg) T 8 Fi &L
RERAA YRR B, 2L 10 mL 215 A HUE 7,
YIRS AR LAY T 3 RIRI, SRR R, iR
B, 3 AT ARE & p 8 Fi il B Z LA Ry Il ik
IR 75.0%0 b, 55 2 AR IBCRTE 1.0%~2.0%2Z
B, 55 3 WHBCNAK . 2747 I EDICR | A
ST A, A EE A PR 1 ORI RE R, AR
WFFE R TR A HE I 1 9K

nFEER

o 7-HEFETE

" CEEHEE
n-ZERAPREGTE

o -HEEFTR

HELE

" HEER

33 REN(T- L EEFEER)

0.01 0.02 0.05 0.01 0.02 0.05 0.01 0.02 0.05

ZWE R
TRk /(mg/kg)

by

B2 3 FRBUE T 8 Al R AL E W IR

Fig.2 Recoveries of 8 kinds of coumarin compounds in 3 kinds of extraction solvents
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. —n—T-HEEER
f@. ol —_—— AR E
% —— - A4 REFER
“ ——T-HEREFE TR
— BEEER
—— B EEER
20 |- 33REN(T- 2 EFEE)
0 | | | | | J
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R [E] /min

3 AEFRIBUREITS 8 e SR AL M A iR

Fig.3 Recoveries of 8 kinds of coumarin compounds in different extraction time

24 EUEHMRK

MBI TR N I, S MSRN,) g
Al T B AR LG 42 BENSCR g A s8R 1 X
Bl o ASHEFE 43 ) LR T 28 5% 7K 5% Tl (hydrophile-lipophile
balance, HLB) [ #H 2% B H: . 4 = % -N- 79 & B £ b
(primary-secondary amine, PSA)# KAl C g M3 R 1L 5 & 7
YORHEE S 8 A RIS W R ISR LR . 45
REH, 4 HLB BB SLE, BB THR A FAL,
A 7-253-4-PREEZEM 7-PARLE T R BCRREH
AR, 28 PSA KRR Cy BiRiFfbn, FER . —4FE
R 33BI(T- O A R I ] A

HHABWFR AR, M FEREMENER, KA
HLB [ AH A UK i A6 i 35 R A 7 Ak 220 (H, %
TUREE G EE BT T HAHXT BN, REFIL IR EIR S 8 #h
FEHEFXMEY S RS FRETIRA R,
I, ZREHERIEOR | SLE A . R BORAE, IROREE
MR TERBUR R B R0, B3 0.22 pm AHLIE
JIJ LA

BRICZAN, XTFE&RRNRAES,, AR . MY EN
WEHE, 4G ITEATIEMFER, SRR
B/ BE W SR B SR, A B AR B T ot A 45 2 () 5 e, XoF
FHe i & B S AR, SRAMA S mL ZIEHEANEC AL,
WTENR Y 5 7R 1E O b 2R A TRE B il
25 EERMNER

ARSI ZE XS g &, o 1 KR E
AL RREE T 4 B AR AP0 0 ICEARTF 60.0%,
RPN B 5 ek AT T i, RIIR T G R B E

YR SR A TR . AR e e . RIUH I . IR |
B 4 FIEARN 13 mm (19 0.22 um fLARIEIEPEREREST
T L, WA R, RINEIEET 8 #if G2 LG
VI WMHER, Hrbxt 7-2 8 0k-4- AR TR | 7-H A EAS
G, BEHE S EM 3,3 FRIL(T- N B )W HEH
Wik, ZIBHLIEE, BRIl 57.0%~67.8%. Fitt, BT
TEFH IR IR R AR A MR e T O B G J5 vl
26 FHAEFER
261 HMWTEE. BB ER

AWFFEEH T 1, 2, 5. 10, 20, 50, 100, 200 pg/L
B 8 P TR AR AR, VSRR ER,
TERALIG I EEN, B E R FR M 28 91 A W BE VA B2 Eh IR
FEHERE, LIRS o R AR bR, AR R Ak P e
NAEUE IR A B RIFR I LR . LA 3 A5(E I HU(S/N=3) |
10 £5 {51 FL(S/N=10)43- 511315307 25 S it PRAFN 2 PR . 4527
R, 8 R E G RLGYITE 1~200 pg/L JF R B B2t
R, r* BT 09976, X F AR, Jikk RN
0.2~4.0 pg/kg, EEFRHN 0.6~10.0 ng/kg; XFFREIAYK, T
KRR 1.0~20.0 pg/kg, EEFRHM 3.0~50.0 pgrke, X
FECF RN A LER 20 ASHIFSR 9 5 A0 B R PR B
TR T SCHk AR ED
262 WRERIEEE

Bs FURIROBE R 5 g, A3liim 3 AMAKE(, 205
& LOQ)MIPRIERE AR, S8 LNt I SE g, FASndroK
o6 ANAT, FTE 8 MEERIMLA YR IR R %
B R BIR, 8 Ml TR IALE YT BICE
87.8%~105.3%, HPKIEER 0.7%~6.6%, H [HIKEH A
1.7%~3.9%, Z5F W3 3,
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*2 SMBTRLLUAVNEMTERE., EEHRE. HXEH. KEHRMEEMR
Table 2 Linear ranges, regression equations, correlation coefficients (), limits of detection (LODs) and limits of quantification (LOQs)
of 8 kinds of coumarin compounds

ez BR/(ug/kg) & EBR/(ng/kg)
Hirba 2Rk 11 )y B3 (@)
WAARYCRE  EARORE WARTEE R RR

FUR Y=2.45x10°X+24200 0.9996 0.5 2.5 2.0 10.0
T-HERFEER Y=8.67x10°X+69100 0.9991 0.5 2.5 2.0 10.0
ZABRER Y=4.17x10*X+36500 0.9999 4.0 20.0 10.0 50.0
T-HEFEE Y=5.51x10°X+35500 0.9998 0.4 2.0 1.6 5.0
T-LERE-A-H R TR Y=1.43%x10°X+20200 0.9995 0.2 1.0 0.8 4.0
BEN A BR Y=1.47x10°X+45200 0.9998 0.2 1.0 0.6 3.0
WHEUR Y=2.54x10°X+40900 0.9976 0.4 2.0 1.8 9.0
33 FRILW(T- T LR HE ) Y=7.09%10°X+13300 0.9994 0.5 2.5 2.0 10.0

F3 FREDIHEFIRRXUAYHTHEER,. BRBEREM B EHFEE(N=6)

Table 3 Average recoveries, intra-day precisions and inter-day precisions of 8 kinds of coumarin compounds in tea drink (n=6)

Btk &Y S H IR /% H AEE /% H (RIS % /%
BFEER 104.6 2.2 2.1
T-HARTER 95.1 1.3 1.7
ZAE/ER 105.3 1.7 29
T-HEFER 92.5 0.7 1.7
T-LR AR RER TR 94.4 1.5 3.9
BEiE LR 87.8 1.2 1.8
HEER 91.9 1.4 3.1
33BN (T- L HEEER) 95.7 6.6 2.9

2.6.3  FEIFALNE

SR FAS IR 9% © 57 ARSI 5 e e T 5 11 39 B iCRHRE
WiEAT 8 AR TR I GRS R E, A RART R
KRB RYORE, SRR REEFLUCEL . BRERTAOEL
AU, 2B ort . EATIME . RN . WIS bRl AT
AURYAE, JEXTECR A T o 0T, AR IR, 3 BIRRIR OB
FEM R IR TR, S0 35.8. 27.9 1 30.0 pg/ke.
or (B A% F AT B OA SR A 50 K B2 ATk bR SN/T
4318—2015 FHEEZRMUAEY 50.0 ng/kg FIMEMLR, H
A7 R PIAE SEBRAR S b (E AR A R

3 & i

ABEFE R EAE QIS P, 20 R B DR,
SR R AR 3 - R IR T T, e e B ) A
B RPN A OL A, e 7RI E okl 8 Fh R B
RIAEYNE BTk A TR BB 12 AR
HETT LT 50.0 pg/kg MOIEMRIR, FA AR H BRANE
R, R R, HAT PR RO R, J7 ke i

AR i DU 5 25 0 RLAF, RT R TR E Ok 8 Rl
SRFACE YRR EOR . FHT, %05 AT I E okt
R SR, RMR PR AE SR
BYIRE BT TR IR S5

SE
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