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[1. T MRS EE AR A E, T 511447; 2. EEM TERFEEER L0 HR), TN 511447,
3. MM SREAR AL, M 510623]

W E: BR  HE 3 iy ik R EECR, @7 855 SO @5 - TR AT/ R AT B R BT 7 (gas
chromatography-high resolution quadrupole time-of-flight mass spectrometry, GC-Q-TOF/MS)|r] Bl g 25 i+ 10 A
BHLS-FEM 2 | (H)-SF A . S B . i ls . AR T/ . Sl FE R, k. GHERT
FE - EES THFMBNAANTE. R PR LR BRI, IIATCKBRRREER AN, A HER O FHL
IR, SR GC-Q-TOFMS 1%, BrrbAYLAeaflii=CnE, DIEICRhREf &kt e i, ke
TERTESAF IR, IR bR IR E T THIELE 3 M Ex HAME A DI IsicR . 455R  Hide
Wk f hyid T R R i b 10 FEEME G HIAETE 10.0~1000.0 pg/L YR, 1,8-F&M 2 F0 S22 PRI
30.0~2000.0 pg/L JEFEEIN, HA 7 FEEMLEYITE 15.0~1000.0 pg/L JEEIN T RIGLIEER, HERE r AT
0.9991, VIR Ky 85.3%~108.7%, KB 0.03~0.10 mg/kg, ERPFEH 0.10~0.30 mgkg, HPY. HIAKEHE
M=6)735/INF 1% 13%. 458 Zorfinf . RE iR, EHEFAE 10 Rkt .
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Simultaneous determination of 10 kinds of fragrance compounds in tea by
gas chromatography-high resolution quadrupole time-of-flight
mass spectrometry

CHEN Yu-Zhen'?, LIANG Zhi-Sen'?", ZENG Guang-Feng’, GAN Yi-Ting'?
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ABSTRACT: Objective To investigate the extraction effects of 3 kinds of pretreatment methods, and establish a
method for the simultaneous determination of 10 kinds of fragrance compounds [1,8-cineole, (+)-isomenthone,
4-allylanisole, trans-anethole, methyl eugenol, trans-cinnamaldehyde, coumarin, camphor, trans-methyl isoeugenol,
cis-methyl isoeugenol] in tea by gas chromatography-high resolution quadrupole time-of-flight mass spectrometry

(GC-Q-TOF/MS). Methods The samples were extracted with ethyl acetate, following which anhydrous magnesium
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sulfate and sodium chloride were added to the extracting solution, after vortex and centrifugation, the supernatant was

filtered over a membrane. The target compounds were determined in full scan mode by using GC-Q-TOF/MS, quantified by

matrix-matched standard curve method. After the chromatographic and mass spectrometric conditions were optimized, the

extraction effects of 3 kinds of pretreatment methods on the target flavorings were investigated from the aspects of

operation steps and spiked recovery rates. Results Direct extraction method was most suitable for the simultaneous

determination of 10 kinds of fragrance compounds in tea. In the range of 10.0-1000.0 pg/L, 30.0-2000.0 pg/L and

15.0-1000.0 pg/L, trans-anethole, 1,8-cineole and trans-cinnamaldehyde, as well as other 7 target flavorings had good

relationships, respectively, the correlation coefficients were more than 0.9991, and the average recoveries were 85.3% to

108.7%. Further, the limits of detection were 0.03—0.10 mg/kg, the limits of quantification were 0.10-0.30 mg/kg, and the

intra-day and inter-day relative standard deviations (n=6) were less than 11% and 13%, respectively. Conclusion This method

is accurate, sensitive with high recovery rate, it is suitable for the batch detection of 10 kinds of fragrance compounds in tea.

KEY WORDS: gas chromatography-high resolution quadrupole time-of-flight mass spectrometry; tea; flavorings

0 51 &

A HSHEALE R, ER IS, MERREE
BRI ZEZS M, DI T2 M2 AR, oI LMREL
HMME. FRRZEAEANRE, L8-FEm R AW
AN AU L A R R R A AR HER
AR RRIFFR K, AR, WRE A RR
MME R, R T A 5 T &/, AR IR RS
AR fG 2 55 A R R AR B PRI 2 Hh A B
P, SR AR . X R AP LA SR
FIETAERL, R, R EE R RSBUE, PETHE
AT — e R BT A A R . P A b A M DL R
B 442 R (European Food Safety Authority, EFSA)X 0] %
I e £ 5 R RO T IR BR = U0 i B GB
2760—2014C £ fir 2 A [FI ZARME F il S 50 AR v ) An
(ERUNIF=ai DR R B N 0N TR A ks B S P U PN i 1
TR RIS 0 28 45 i [r] RS 22 5 | s G

TP EEML G S EEAL . Wk, AFEFEMLE
YIRS 25 5, DRI AR %) AL 3 AR SR S I i vp 22
FrRHb A R B R Y DG e, ARk, N AR G5
MrORTALFE T A2, QUEChERS #:(quick . easy . cheap .
effective  rugged . safe) T HERE R 5L, Pt | AR, 2
TEEE ity 2RI AR ARl o ARG A5 80 g R 110 AR
FEBULREA BCRBR TP 10, A B A % ) £ S
RSS20 o BRI BULTCRR 250 R BT b 2D 3R, H4E
R E, RSB Z AR R A R et R (HTE
B R BN IS o S T SR O X s i h R R A
AR TR, T . Sk, BRI R BT R
P AL R E S, (RS I E S h 2R RS )
T Iy VLA T3 LR R ST

HuT, &80 & 3% 7% (high performance liquid
chromatography, HPLC)!8 /1A w2 i i HH (3 - o BX 1592

(ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)fEf F & MEL Tt & RL &Y
FE o SR UPLC-MS/MS BEXS 2kt Hp 7 R et [l 7 7
PRI, AEBOAH (LT 5 74 K B B B 3 SRR A
U ROM A 4% - TR 3% ¥ (gas  chromatography-mass
spectrometry, GC-MS) fll 5, M & 3% - & Bk 5 3% 7% (gas
chromatography-tandem mass spectrometry, GC-MS/MS)J&7F
RMEA P IR0, SR ERME S P HE
PERGHR, GC-MS Fl GC-MS/MS 74 38 J Tk b & P se
Mg A2 2 H R R A FRML A YL
HANEZ, T PR R | KRR . R,
HHEE T GC-MS F1 GC-MS/MS SR E A it R B, X T
AT AL W 1 o B O A R 1L R A5 VR 1)
OPHTRTINZER, T HLAERE R 43 S 14

AT TR | AR IEISCR | RN AF 2 B
#%%¢ 1 QuEChERS 7% | [EAHALIOE A B HARIE 3 Fhi HIAT
Ab PR LN A Z R AR S P ERIBCECR B2, LA
AH 0 1% - DU AE /AT B ] BT 3% 7% (gas  chromatography-high
resolution quadrupole time-of-flight mass spectrometry, GC-Q-
TOF/MS)HEA 7251 10 R RHE S PRI T, hERs
REEZAS IR ARSI SRR S

1 RS 7

1.1 #R5RF
FEnE(T T 4S); Florisil B AHAEHUH(6 mL, 500 mg) .

1 2% 1k Bk 2 (graphitized carbon black, GCB) & A#H W ff} 5
(120~400 pm)(f%[E CNW Technologies GmbH A )); N-PN
3 2 W (primary secondary amine, PSA) [& AH W [ 57
(40~60 pm) , %+ /\(C o) IR BRI (SO pm) 1,845 3% |
R T AW . ARG HR I b (B KT 99%)( 1R 215 RH R
WAWRAF), CROlE. AWk, CIE(E kA, fEE R
L), BALEN . TOKEREREN . JOKBRBREE (S M A, M



%5 23 4]

WREE, 5 SN R -PUBA ATI] BE Ik R i E 25 it rh 10 M &4 9045

2R, BERE Pk . B E B R (S ERT 99%,
1% [ Dr. Ehrenstorfer GmbH 2\ w]); (+)-Se vy i . i 754
AR, RX-FRSTHB . -H 55T FmE
FRUERL (SEBER T 99%, i Bl EYRH A |,
1.2 UE5E%

Agilent 7890B-7200B “AH 433~ PUR AT/ KA A [H] BT iYL
(G ZHEIE /A F); MS3 basic HERIEA . HS260 basic A5
TRGILIR(EE IKA 23F]); Milli-Q Gradient #4li/K 255 (EH
Millipore 2 #]); 3K15 ik B.OHL(FEE Sigma 23 7]); XPE 304
TR (- LRS- FER 220 F]); KQ3200DE RYEH e 5
B VAR (P E B IL TR A U254 PR F); DB-5SMS BAIEH:
(250 pmx30 m , 0.25 pum)(EE ZEHEAE 2 A
1.3 WHE
1.3.1 ARAEERAH

P it A W L . HEBR BRI 10 Fh H AR AR 1 S
0.1 g(fEHIZ 0.0001 g), 7l'EF 100 mL A&+, HE
1% Z. S TC AL 1000 mg/L BFR HERE 55

TR E RSV WIE R B 10 R BARH i bn sk
WA L 218 2 TR R BE BUR B AR RINE TR, BTk
JE G 10.0~2000.0 pg/L.
132 #suara®

(DZRFEFIRE S il 4

FTOMNTTN, TSR 20 By TSRS, BE)E T 300
B, IRAWAEMMELRE 200 g, TR,
W, %

(2)QUEChERS #:

HEFRFRELAS T RE A 1 g(REH0 % 0.01 g) T 50 mL 2.0
i, A 10 mL LR FR, WRHERY 1 min, 8000 r/min,
4 °CEL> 5 min, B 1 mL FERE 15 mL BO0E P, Rk
JMA 40 mg PSA. 40 mg C;5. 20 mg GCB Fil 120 mg Jo/K
WREREE, WIEYRY 1 min, 8000 r/min, 4 °CE.[>» 5 min, 13
0.22 pm A HLAFLIEREE, HE GC-Q-TOF/MS 4+ #T.

6
5
4
3

FHEF/x106

(3) FEI A AL A

PRI AR 1 gCRET 2 0.01 g)F 50 mL B5.00 4
A 0.5 g &AL 15 mL & W BE-Z B 101, VIV,
IR 3 min, #7515 min, 8000 r/min, 4 °CE.[> 5 min,
HELERES —B 08P, HIA 1S mL AP b2
(1:1, ViV, EE RREEC, B0, MR Bk
Wo FREL 1.0 g JTOKBRPREANAZE Florisil AEH, R
2 Florisil £, FrEEME )5, A 5 mL ZIEMEE, Uk
LATMIET 45 °C ZAMEBIET, HHCROERERE
10 mL, i€ 1 min, #EbIEE T 0.22 um A HURFLIERS,
#t GC-Q-TOF/MS 43+ #7 .

(4 HEEZARBGE

TERRPREUZS MR S 1 gORE B 0.01 @) T 50 mL 25,0048
i, A 10 mL LR R, 1RSI, EiR TR 3 min,
A 0.5 g TKEEREE, 05 g &AL, WHE 1 min,
3000 r/min, B5.0> 5 min, 4000 r/min, BGE & i RE
0.22 pm B HUHFLIER, it GC-Q-TOF/MS 43#T .
1.3.3  ARARAE @ &G4 &

SAFREBUR S BRI S ISR L 1 g(FETH 22 0.01 g),
TR 1.3.2 R LT AL, 451 1.3.2 9 @2). 3).
(@) HITH A FE RO, B 10T B AR 0OFR RS 25 34 EL IR
BRIV AR, YR R FIARIE RS E R -
1.3.4 o#&H%

3% 5% DB-5MS EAIEH (250 pmx30 m , 0.25 pm);
{38 THEFLF: 40 °C (2 min), LA 20 °C/min % 220 °C
(2 min), FFLL 10 °C/min F+ % 250 °C (5 min); JEFE D IRE:
280 °C; #{< He, ¥ii# 1.5 mL/min, #EFEE 1.0 pL, A5
TR

TR SR HE SR A LI 55 A, B8 (elect rospray ionization,
ESDU, BT 230 °C; MR 280 °C; ML TR
P8 70 eV; HIER 5 min, TAER: 23955 HHTEE: mz
35~400 amu; SRAEHA: 5 spect/s; 10 FEREHELSWIIIbRIER
WS TR AR LA 1, AP B EHREA 500 pg/L.

W\MKMMLJ_U._J

1 1 1 1 1 1 1 1 J
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A2 88 B ] /min
L L8-ARI 2 2. ()-SR iag A ; 3. AR F ek, 4. miEE; 5. WRTHB, 6. aUARERE; 7. FEE; 8. M, 9. aC-H &5 THE;
10. M- A 3 S5 T 35 i B
B 1 10 Rl R B AR VA TR B T i 1

Fig.l Total ion chromatogram of standard solution for 10 kinds of flavorings
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1.3.5 #E4ae
-8 B A8 origin 6.0 FEATHEAL IR,

2 HER5SH

2.1 GC-Q-TOF/MS S thFAERESL

XF 10 FiFRE TOF 2 #is =T 17 R4E, 155145
FhERH T R IE R, 857 TOF 14 i R 8 5 5k
P, FESAEAY TR R B R T e M T . EERD
Tkl P PR 2 M A T R R A, #ESr TOF 1Y
FERTEE, 10 BRI R RS ARSI BT SRR B
IR ESSY U
22 3 FERBICESERIES BT

MWEEL K E, QuEChERS L4 1HRE . 4 805k
gk, AR A RTALERR [ 2958 15 min, EIAAZEBGE
L3 BN, Florisil #HHk . RIRMEWE, B 5T
FRAFE 2974 100 min, EEARBUA (LA IR, BAFE
SR RTAL B 1R 298 10 min, QuEChERS 325 A0 [&1 AH 25 B %
Z T AR . AR A B VA R R, T AR
WAERES T, BRAEAE TR ISB ., K, 3 FhRTALE Jr vk h
ERARBOL B RO RSP | BUASIR, (R W] BRAEZERE
PP E 7R, TWEN— LR,

2.3 3 FEERMEREW RS

BEBA T 10 F B AR BHE A P2 AR S E T s
MEE VSR, AT 3 AR, 2.
4 fEE R R FRME A Y, LIIEFVCECARfE fh 0 T e
i, BAKCEM3 WAL, E 120 min, ff BARYS5
IRFEAER, HelE 1.3.2 T 3 FhETAL BT IR THRAE,
FOhAR IR L3R 2,

AR, 3 AN 3 YRS DN S AR X
PREIRZEN 4.1%~10.9%, fF6 HIEEER, WFR 2 haTld

EH, %35 QUEChERS HLATANHEE, 3 Minbs/K-F44A4H H
b B 3R R, At B bR Ak A W IRl R 7
60.0%~113.2%2 [f] . Zeid BIAHZE B ATAL I, 3 AR /K-
YPRKH BARY) 18-Ment 3R | (H)- S . AN, #HARE
HE . mids . AT &, USRS TR . Nist-H
BES T AR 5 A0 HARE S PIZEIRIN 1 A% S BR A InAAs i
R A B AR, Hofh B AR A W R R AR
17.2%~82.0%2Z 1] . L3t ELEARBUL AL, 10 PPkl H A5
ea W B R 87.0%~107.5% . A UL, 7E AR S2 5 o,
QuEChERS L Jeik iR MU 2 AAERE, [AHZE BOA AN REAT 4L
PRI X AR A EL K 2 Fl B AR A WF5E H QUEChERS
B T8 CBRVE NG A BORE R i & BHE 5, PSA.L
Cis. GCB FIIC/KBREREEN: Ry B AL A BOR . b Cyg
M GCB m] ALBRAFE . AR . GRS, 7t
AR A SE R fb 50, TRERE GCB 8 fbsm et [
A AE BT FH AR BRI o A ZE HURE S P B R A, &l
Florisil EAHZEBG 4L . Zk . ¥, Florisil EAHAEEUH:BE
W R e Y, 1,8 3R ()-S5 v A S5 A M I
fiE# Florisil [EFHZE BRI . W45 HoA R kb
BRI R P RS IR, I, 3 AT, H
FEAR IR RE R IR E 10 Fp B AR, HARBGECR AT
24 EFEHN

FEFX HAR BT T, FE5 4 B 25 SR 04 HE T
Pk, A DB BN o 4% 1.3.1 1 kA3 B AR
WERSVGEW, H 08 1.3.3 35 )7 IR A5 20 Fbr il ROV, 4
Aehbr e . 10 P RMb G P IR R | RS0 4 o
WEGERE T, SR EFRERS TR, BVEIR
V7 2R W = 8 O 2R DA KA BRI ) A 1005 . LA 10 Rl BARS 1)
JHE 0 4 1 Ak 23 I R R AR 2R 22 B R i S S T AU
(matrix effect, ME)'"”), J18EA5 (1), BELHEARIUL AL
RN AR Z 3,

F1 10 HEREEEE TR

Table 1 Qualitative and quantitative data for 10 kinds of flavorings

a7 CAS & £ B4 5} 8] /min FE BT (m/2) FEREE -1 (m/z) FE B T2 (M/z)
1,8-Fint % 470-82-6 6.386 154.1323 93.0667 139.1088
(+)- 57 LAy 1196-31-2 8.420 154.1323 112.0848 97.0612
A H ik 140-67-0 8.980 148.0848 71.0826 117.0661
G 4180-23-8 10.762 148.0851 117.0666 77.0355
HJE T A5 1 93-15-2 12.266 178.0962 71.0825 147.0775
e 2 A 14371-10-9 10.520 131.0457 103.0503 51.0207
HFOHE 91-64-5 12.730 146.0333 118.0379 89.0354
i 76-22-2 8.148 152.1164 95.0824 81.0668
Jea-HBE S T 6379-72-2 13.222 178.0964 107.0461 163.0727
I - R S T Tl 6380-24-1 12.822 178.0966 107.0461 91.0515
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F 2 FAF 10 FHERML AR INFRE W E BT IRERZE N=3)
Table 2 Recoveries and relative standard deviations of 10 kinds of flavorings in tea (n=3)
oy QuEChERS -3 IR /% AR ZE O - 2 [ /% EHEAR U T B R /%
KF- 1 K- 2 KF3 K1 KF-2 K3 K1 KF-2 K3
18-t % 104.0£5.9 113.2+5.1  91.8+4.8 / / / 101.4+6.4  102.6+5.1 104.2+4.9
()-S5 AT 1) 77.349.1 97.0+£7.3  93.5+5.6 / / / 89.3+8.5  103.5£5.2 101.7+4.1
A H gk 80.7+9.4 88.0+8.5  87.3x7.6 / 223£10.1 172494 1054102 104.9+8.1 100.9+6.3
TH 7 4 96.0+8.2 106.0+6.4 105.3+5.9 / 46,5492 43.849.8 87.049.3  104.3+8.2 105.8+5.4
LT A 67.3+8.9 97.3£8.0  86.8+7.1 / 67.749.7 68.2+8.6 105.9+8.5  103.7+8.2 94.7+6.2
2K R A / / / 40.4+£10.9  50.6+8.3  50.1+6.7 103.8+10.3 102.9+7.8 102.8+5.5
FER 74.0+8.9 743484 927468 82.049.1  63.0+7.2 74.8+6.8 93248.6  103.146.3 105.3+4.7
=t 70.0+8.7 743+9.1  81.546.5 / / / 88.2+8.7  106.4+7.6 99.7+4.4
WS T A 60.0+7.9 80.3£6.3  85.0+5.4 / 60.3+6.9  63.8+6.2 104.1+9.8  102.4+7.5 103.9+6.3
M- B S TR 68.7+10.5 90.3+8.1  92.2+4.3 / 70.749.8  72.04¢8.1 100.6+10.2 107.5+7.4 103.6+5.6
T RN WE /N T E =R,
ME=(S/S,,-1)x100% )] JEVG Y 5 RAFA et . 28Rl DL 3 (IR HL(SIN)

Horp, sy MEEFHZE MR, S, MIEFIIL AR, X4
-50%<ME<50% B, & B 20 M. A B 5, 24 ME<-50% ¥
ME>50%I, JEFiOn B . M 3 mTIL, (i FH B s
PREBUR, RA ()-S5 AT R0 BB 0 IR0 . AR
Hlk, HIETHE ., HFOF ., RaC-HER T HHHIRR-H
ST EIMB 5 M AR ME {H1E-41.7%~-48.3%, H3%
P — IR o R T AR B 4 SR v v, ADFSE
SR FABL bR R ANVAWN 10 B RS W TE BT .
25 ZMXR RERSEER

e 1.3.2 (HF 1.3.3 Wil &SR RINE R, 7
Pt | RS 10 Bl B ARSI A 28 50 3 TR bR e i
WHEATIN E, DAV TR R R AR AR (Y), R 14 0 ek vk 3 Ry
BEARFR (X, ng/L), il AR 42 545 30 AH 1 04 24 [/ )5
FRE, MK RB(NB KT 0.9991, F£H 10 Fi H bR 1Mk

10 it {5 e b 15 BRF e %ot 0 P9 V4 J32 kg ARLSE D B 400 25 A
H B (limits of detection, LODs)HI%E & B (limits of quantity,
LOQs), LODs 7E 0.03~0.10 mg/kg G H N, LOQs 7E
0.10~0.30 mg/kg JLHEIPY, TEANGE S L3 3, RIA A
R R EUE
26 EIRERSHEEE

PAZs VA R g, R A IR BOL I TR AL B, W
T3 ASASIR) e B KT TR A A v T VR IR A TR [l i S 56,
FEAUS A AT 6 W, T EeR, HN, H
VA 23 S 36 ) 7 [) — R AE 2 3 d FAT 6 YOFA T AE -
10 i HFR Y 89 F- 25 [l %y 85.3%~108.7%, H N . H [Aks
B BE R RR T 22) 3 A/ N T 1% 13%, SERR45 R,
N FIZ I INE 10 Bl E PR ARAS 0 i S s HB AR e,
TEAMEER IR 4,

®3 FMERDAENEMESRE. BXRHE@O. ERYE. REHRFIESR
Table 3 Linear equations, correlation coefficients, MEs, LODs and LOQs in tea matrix

ke Ve S 1 (/L) PRz *Héfrfﬁ ME®%  FoihB(mgke) R BR(me/ke)
1,8-F%nt % 30~2000 Y=76.382419X+1065.658925 0.9996 -26.4 0.10 0.30
(+)-5 T A 15~1000 Y=343.903146X+2099.279592 0.9997 -75.3 0.05 0.15
A ik 15~1000 Y=478.426032X+5742.935647 0.9998 -46.7 0.05 0.15
R 10~1000 Y=598.571470X+5318.821501 0.9994 -37.3 0.03 0.10
FE T35 1 15~1000 Y=333.157615X+2535.710274 0.9998 483 0.05 0.15
SN EERE 30~2000 Y=506.661145X-5689.356851 0.9997 -35.7 0.10 0.30
FEHR 15~1000 Y=330.855140X-3286.304356 0.9995 -41.7 0.05 0.15
T 15~1000 Y=386.439651X+1470.853821 0.9991 -38.9 0.05 0.15
- T A 15~1000 Y=482.071817X+8994.234950 0.9997 -45.0 0.05 0.15
I F R S T 15~1000 Y=460.032354X-2573.496532 0.9999 421 0.05 0.15
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Table 4 Recoveries, intra-day and intra-day precision of the 10 kinds of analytes (n=6)

e W INKF-/(ug/L) SEH IR % H PRS2 BE /% H [aDRT % B2 /%
K1 KFE2 KFE3 KFEL K2 KFE3 KFETL K2 KFE3 KFETL K2 K3

1,8-4%n % 30.0 600 1200 1037 1053 1018 6.4 5.1 4.9 11.3 9.1 6.8
()57 T Ay i) 150 300 60.0 853 1063  103.8 8.5 5.2 4.1 12.1 8.3 6.5
A Y gk 150 300 60.0 1047 107.7  102.0 10.2 8.1 6.3 10.4 8.7 438
Gk 10.0 200 40.0 89.0 1020 1043 9.3 8.2 5.4 12.7 10.4 7.1
T 150  30.0 60.0 107.3  105.0 96.0 8.5 8.2 6.2 11.3 9.7 7.6
S A 300 600 1200 1052  103.8  105.1 10.3 7.8 5.5 8.2 7.3 5.8
FHEE 150 300 60.0 913  101.0 1073 8.6 6.3 4.7 8.5 6.3 5.7
il 150 300 60.0 873  108.7 99.2 8.7 7.6 4.4 10.1 8.2 53
Jea-HEE S T 150 300 60.0 1033  101.7  103.7 9.8 7.5 6.3 11.2 8.6 6.8
M- R R T A 150 30.0 60.0 101.3  106.0  101.5 10.2 7.4 5.6 12.0 9.3 7.1

2.7 EBRHEmRNE

N AR BOERT 20 0 ASFE A THTAL B, R
FH GC-Q-TOF/MS AT/ ATk, b 1 Bk, &5
RKipm E N 2.1 mgkg, 4 oMymABER L, FE
FA TR MRE S R R R AR LAY, A BNk
TR R — 5120

3 Fi5itie

AN T QUEChERS . REIAHAEEE DL K B
PEERE 3 AhATALERIRER . LT B, #ar TR GRG0
FF/8AT B[R] B v Rl B e 2 o 10 ] BEIETR SN
BHEA DI M 5k o Hoh, AT HEAR UL RESCHL 10 Fh
FRMEA Y S ACEE I, T LA I 25 SRR, BRiEL
FRMATAE . IR . ARG . RERE . ZEAR S A
WEMT, 54 GC-Q-TOF/MS KiifilllsE />4, 10 FtH
PRI RIFI B . HIEH AL IS S, (F
FHIRILZR PR 55 T3 THT AC35 () - 5 0 £ ) 7 23 I o o 14
FEJFRLNE, AE ARG I Iy ik SN fai A 20, ASBIFSR i e 57 14
K 7 vk B RAEE R . EBEESE A, T U ZEnh
10 Rl b4 5 14 R RS 4 A4 R S5

SE B

(1 LT, 5, B, 55 W™ & d ket 20 o E]. Bdh
LA TFRRIAEAR, 2021, 12(3): 919-924.
KONG QL, JING W, YANG YC, et al. Determination of the content of
cineole in hard candy [J]. J Food Saf Qual, 2021, 12(3): 919-924.

[2] BURDOCK GA. Fenaroli’s handbook of flavor ingredients 6th ed [M].
Boca Raton: CRC Press, 2010.

[3] LEWIS RIJ. Sax’s dangerous properties of industrial materials 11th ed [M].
New Jersey: John Wiley & Sons, Inc, 2004.

[4] Ak, SR8, SROCHE, A5 SO RERE SR ATINALE A 0 & A LA
FL A B ey 58 2 VR 1 AT T 0 40 R AR T[], B R AE, 2018, 39(7):
107-112.

SHI C, GUO D, ZHANG WT, et al. Inactivation of cronobacter sakazakii
in reconstituted infant formula by trans-cinnamaldehyde treatment coupled
with mild heating [J]. Food Sci, 2018, 39(7): 107-112.

[5] BERGAU N, HERFURTH UM, SACHSE B, et al. Bioactivation of
estragole and anethole leads to common adducts in DNA and hemoglobin
[J]. Food Chem Toxicol, 2021, 153: 112253.

[6] HSIEH CYJ, SUN M, OSBORNE G, et al. Cancer hazard identification
integrating human variability: The case of coumarin [J]. Int J Toxicol,
2019, 38(6): 501-552.

[71 YAO HN, PENG Y, ZHENG . Identification of glutathione and related
cysteine conjugates derived from reactive metabolites of methyleugenol in
rats [J]. Chem-Biol Interact, 2016, 253: 143—152.

(8] SBMEAS, MRkl TKweRs, 5. FERIMLEWHEIIR KL e R%
[7]. HE P2, 2020, 45(3): 518-522.

GUO PJ, LIN ZJ, ZHANG XM, et al. Toxicological research and safety
consideration of coumarins [J]. China J Chin Mater Med, 2020, 45(3):
518-522.

[9] ZE3Ei, Hi/ME, TR, & WET HmHM L IET IR
[7]. HEEZ42%, 2018, 16(9): 1249-1253.

LI YC, XIE XQ, WANG MZ, et al. Research progress in pharmacological
effect and toxicology of methyleugenol [J]. Cent South Pharm, 2018,
16(9): 1249-1253.

[10] NONE. Compendium of botanicals reported to contain naturally occuring
substances of possible concern for human health when used in food and
food supplements [J]. EFSA J, 2012, 10(5): 2663.

[11] FEEGF, X, XBIWE, %, QuEChERS-H (- 53 Bk itk ik sk
MZEH 6 RS ARSI, (i, 2019, 37(7): 766-772.
WANG YJ, LIU T, DENG YM, et al. Rapid determination of six banned
fragrance components in tea by QuEChERS-gas chromatography-tandem
mass spectrometry [J]. Chin J Chromatogr, 2019, 37(7): 766-772.

[12] EXWF, A, XGE, & PR ror ket R, i



%5 23 4]

WREE, 5 SN R -PUBA ATI] BE Ik R i E 25 it rh 10 M &4

9049

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

LA TFRGIAER, 2019, 10(2): 400-406.

WANG YJ, DENG W, LIU T, et al. Research progress of detection
techniques for food flavors and fragrances [J]. J Food Saf Qual, 2019,
10(2): 400—-406.

XING L, ZOU L, LUO R, et al. Determination of five Alternaria toxins in
wolfberry using modified QUEChERS and ultra-high performance liquid
chromatography-tandem mass spectrometry [J]. Food Chem, 2020, 311:
125975.

HUANG Y, SHI T, LUO X, et al. Determination of multi-pesticide
residues in green tea with a modified QUEChERS protocol coupled to
HPLC-MS/MS [J]. Food Chem, 2019, 275: 255-264.

R, e, LA, S REAAR IR - BT i s f ) ot o
i 9 FEEYIRE K (1) B AR, 2017, 33(3): 311-316.

ZHOU S, DENG L, DU WF, et al. Determination of nine phytotoxins in
botanical beverage by solid-phase extraction and gas chromatography
-mass spectrometry [J]. Mod Food Sci Technol, 2017, 33(3): 311-316.
UG, A0, SKIm, 4. SO GRS BTS2 B fh i i 3 e HATT
ISR AP HEIR2EAR, 2016, 35(12): 1596-1600.

ZHU WX, LI S, ZHANG L, et al. Determination of safrole and its
derivatives in foodstuffs by gas chromatography-mass spectrometry [J]. J
Instrum Anal, 2016, 35(12): 1596-1600.

LOPEZ P, SISSEREN MV, MACRO SD, et al. A straightforward method
to determine flavouring substances in food by GC-MS [J]. Food Chem,
2015, 174: 407-416.

MA YJ, BI AQ, WANG XY, et al. Dispersive solid-phase extraction and
dispersive liquid-liquid microextraction for the determination of flavor
enhancers in ready-to-eat seafood by HPLC-PDA [J]. Food Chem, 2020,
309: 125753.

RER, BRER, R B SO0 5% A TS R DL R A
A0 7 BPERLT]. RSP, 2020, 36(11): 51-57.

LIANG ZS, CHEN YZ, ZHOU LJ. An UPLC-MS/MS method for rapid
analysis of tea for the potential presence of illegally added flavorings [J].
Food Mach, 2020, 36(11): 51-57.

PENG JF, WEI ML, HU YW, et al. Simultaneous determination of maltol,
ethyl maltol, vanillin, and ethyl vanillin in foods by isotope dilution
headspace solid-phase microextraction coupled with gas chromatography
-mass spectrometry [J]. Food Anal Methods, 2019, 12(8): 1725-1735.

1568, Bk, FhaibH, A TS BRGSO G- B kil 7 48
TSI BRI A BRI 244, 2021, 12(4): 15081512,

FU M, CAO X, SUN BY, et al. Determination of aromatic ingredients

of Salvia sclarea by headspace solid phase microextraction-gas

[22]

(23]

[24]

[25]

[26]

chromatography-mass spectrometry [J]. J Food Saf Qual, 2021, 12(4):
1508-1512.

FA, RET, WAGE. ARSI, P IETERE, 2020,
45(11): 136-139.

WANG JR, ZHU XY, GUO DQ. Analysis of aromatic components of
jujube vinegar [J]. China Cond, 2020, 45(11): 136-139.

Tk, BRI, KRR, AF. IR EURHIIAERIh T2 AL AR Aoy
ST B S AR SRR, 2019, 38(8): 18-23.

WANG LY, CHEN JJ, AN J, et al. Process optimization and analysis of
volatile compounds in zanthoxylum oil from mixed materials [J]. J Food
Sci Biotechnol, 2019, 38(8): 18-23.

Tigde, TR, 256, 5. TUas AR IO G- B 2 A 2
AR RS ¥ KR 0], EE BT ST, 2020, 41(14): 169-176.
YU HY, DING PX, LI MP, et al. Analysis of volatile component from
Allium tenuissimum flowers water extracts by HS-SPME-GC-MS [J].
Food Res Dev, 2020, 41(14): 169-176.

MRIERE, 490K, BARIE, S5, WRORH (- PIBET I 0 LA ot e e
WM RD]. &8 Tk R4, 2021, DOL 10.13386/1.issn1002-0306.
2021010170

LIN ZF, LI SF, HUANG 1JY, et al. Determination of 4 kinds of
frequently-used spices in dairy products by high performance liquid
chromatography-tandem mass spectrometry [J]. Sci Technol Food Ind,
2021. DOL: 10.13386/j.issn1002-0306.2021010170

YANG ZY, KINOSHITA T, TANIDA A, et al. Analysis of coumarin and
its glycosidically bound precursor in Japanese green tea having

sweet-herbaceous odour [J]. Food Chem, 2009, 114(1): 289-294.

(AR KRR THH)

{EZ /T

MER, ML, BEIREM, TEMRR
FEARBRRERMER,
E-mail: 374905704@qq.com

REHK, #L, TP, TEARFE
ARG ERMER,
E-mail: 522794556@qq.com



