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An UHPLC-MS/MS method for rapid analysis of tea for the
potential presence of illegally added flavorings
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AN L SR EE D 8 (MRM) # X T2 MS/MS
AR ERZ TN, RBERAR.T B YL
0.8~1 600.0 pg/L & B A 2 R4F &M, &M X RN
(R)H X T 0.999, 7 ka9 Hk 4 0.02~0.03 mg/kg,
ZEMA 0.05~0.10 mg/kg, F ¥ &k & H 82.5% ~
102.5%,. 8B A . B M BEES DT 16% 4 18%. #F
i TR ORBESG, A TR T @IAEYG 100 AF
HH R EREET RS M. A2 AR TRE
YR R KR EAL S #) A 65.0,2.0,72.2 mg/kg.
KPR A FHARANEE— BB Kot A &
N m

Abstract: A qualitative and quantitative method for simultaneous
detection of 7 potential presence of illegally-added flavorings, in-
cluding trans-anethole, coumarin, estragole, lawsone., methyl-
eugenol, pulegone and trans-cinnamaldehyde in tea samples. Tea
samples were extracted with acetonitrile-water served as a mixed
solvent, subjected to whirlpool oscillation and then diluted prop-

erly. After that, anhydrous sodium sulfate, primary secondary a-
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mine (PSA) and octadecylsiyl silica gel (Ci5) were added to the
solvent for purification. The centrifugation, the supernatant was
filtered over a membrane and separated on a Kinetex Cig column.
These 7 target compounds were determined by UHPLC-MS/MS
in MRM mode, and quantified utilizing a matrix-matched external
standard method. The results showed a good linearity from 0.8~
1 600.0 pg/L and the value of the corresponding correlation coef-
ficients (R?) were all larger than 0.999. The values of limit of de-
tection were 0.02~0.03 mg/kg, and those of limit of quantification
were 0,05~ 0.10 mg/kg. the average recoveries were 82.5% ~
102.5% , and the intra-day and inter-day RSD values were below
16% and 18%, respectively. A survey of 100 commercial tea
samples was conducted, showing that trans-anethole, coumarin
and estragole were present in green and black tea with maximum
concentrations of 65.0, 2.0 and 72.2 mg/kg, respectively.

Keywords: ultra-high performance liquid chromatography-tandem
( UHPLC-MS/MS ); tea; flavorings;
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ENREIGH AT EZ 8 A RN 0.0~2.0 mg/kg™* 1,
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IR B AR R Tk L R T A I AE TR OB R B B R
FVEAE FBRAE 439 9 10,1 mg/kg,

A T — T T IR0 VR M 3 R
WO T AR R S e A
W) 45 (KD . Bousova 257280 fiff B A M €6, 32 5 I R 3 45
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Kinetex Cis # (100 mm X 3.0 mm, 2.6 pm) . 3 [# JE
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1600.0 pg/L MRS PRME TR W BB . Brd o5
HERE# R T 4 CRIRTES
1.3.2 MM ERICRE R AL A R 0 TR o R R
Y5 G 1k 5 (300 pm) 43 54k S i A T AR S AR L O T
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15 mL B0 IHFEHIHE KV 2 Ve=1: D
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1.3.5 @@L @i% A N Kinetex Cig # (100 mm X
3.0 mm,2.6 pm), WA A S 0.1% H R K H W, T sl
Bl 0.1% W R ZIEWE . B RBFLF :0~2 min, 10%
B~90% B;2~4 min,90% B;4~6 min,10% B, %ii#
0.4 mL/min, #:i 20 °C,#EAE R 10 pL,
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P G Q=W g a7 1 N B o T Drel IR 7 = A e
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Type of extracting solvent
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Figure 1

Relationship between the type of extraction sol-

vent and recoveries of 7 analytes
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Figure 2

Relationship between the volume of extraction

solvent and recoveries of 7 analytes
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Figure 3 Relationship between the composition of purifi-

cation agents and recoveries of 7 analytes
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Relationship between the dosage of purification

Figure 4

agents and recoveries of 7 analytes

., SR BN YK BRI &N 5 mg B, 45 H
AL B0 S 2 8] g AL 60.2% . A REW R 4R IR Bk,
HICK BRI E Dy 10 mg Fl 20 mg W H AR 47 3 BE 3K
Fo a5 s i TEl e 2, 43 B R 79.5% ~ 95.0% F 89.4% ~
100.4 %, B IC/K GRER 80 1 R 3G 2 087 B H AR 10 F 2
Bl RZ A TR, Fb, & e LKRERMAER
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2.2 UHERFEHMRK

2.2.1 FUGAMRMAL K5 7 Rl E AR 0 SRR oE
R 43 590 3 Ao B 2 T IR R BB L E Y 5 IR RN L 43

XE7 Bl B AR A A B R AT S BOR A B BRSO
iR 9 TS BER  1AR h E AR AR A  HE P 1R S BB A — X
B 8 AR o B X F A MRM R e 4% A
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Table 1 Retention time and MS parameters of 7 analytes
Ll PREEIE]/min &5 E M F X On/2) KIRWE/V  HifE R E/V

149.2/121.2* 22

T 7 2.97 214.0
149.2/93.2 25
133.2/55.2" 17

o 3 P 2.15 13.0
133.2/115.2 19
148.1/104.0" 22

HEER 1.92 160.0
148.1/92.0 30
) 149.2/65.0" 30

AU T 3.65 218.0
149/121.2 22
) 177.1/89.1" 12

1 H AL TR 1.53 52.5
177.1/61.1 25
] 179.2/138.2* 20

FAET & B 2.45 90.0
179.2/77.2 45
153.2/81.2* 24

LI 2.53,2.67 80.0
153.2/55.2 30

P R R TR
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2.2.2  BIRFAFIILAL IR E i 0 0 R QB0 LA R L
U 1 4 B AR IR T R TR I U Bl A AL R B B e 4 3
F30.1% F R 20 I Vs WA 0.1 % BV IR 7K 7 VAR R R 3l A
8 R JE 19 214 6 min NBRRESSEL 7 Fh B AR 1) 4
B LR 0 L EL W R R A s IR S I DL 5.

2.3 FHiEWMRKIE

2.3.1 JEFUROMMEL W TAM AR A & A N
B S ST R TR I 45 S0 W T R U X R T
BN IEATHEE . 1.3.2 B AL B 5 1 ek B AT Ab B
A5 3 5 T3 P VR, - LA M O U VAR 4 AR 1,36 19 ik I TR AR
Y T 11 i 2 75 51 35 Jor UG i ik 2% L TR B R 1.3.1 B R
0.1 76 F R & I Vs W T VA R0 O s il b dfi il 46 . LA 7 B E
0 1) B 0 it 2 1 Ak 2% 5 4l v R0 ol 2R AR R 2 L ok i
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BS) 4 7
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LAEWIEm 2. FUR 3. oNpER 4 WETEH 5 0

RERL ERYHHERE—BRRIEERERMARUZEMH G 7 HEH

RN (MED 24 ME ) 48 %HE > 50 %5 I, bt 1 35 J5 2500
B . AEAH AR AL BTHY SR AR L (B4R 2 2k BT s s A .
mE 2 Fion, W F Ak i, ME 5 % 74.7% ~
105.9% s %t FLLAS I B ME ${H #F —5.2% ~ —84.1%.,
GEIRFU AT FERACILST L 7 Bl B AR B A7 A I Y 3 AL
IO o T2 S5 i A A7 R A I R I A o AN T
PRI R AT A 15 4 EF e 0 P R O I R 4R AT A OE

ME =[(K p../K ) —11X100% , (D

Ao

ME —SE R - %% 5

K e — 3 J5T VG T 1 25 1) A} 26 5

K o—RUEM R R,
2.3.2 ERMEJEE KRR R R R %
HR1.3.6 YT I Ll 7 Fh B AR W0 T A o 5 T (0.8 ~
1.600.0 pg/L) 2 T 1E ih £k . 15 2048 BE 0 26 M [l )3 o7
FEAHE RS R H 0.999 1~0.999 9(LFE 2) , £ 7 Ff B
PR AE A B T BN 2 R R k. R I8 DA A b vk R AT E
i, DL 3 A5 E M b (S /N i R B 9T %R ) 5T VR AR R
Kt R CLOD) L L 10 £ 15 M BL X6 187 /G ot 2k ok B 1 by s
FRLOQ) . FikmAs R E Jy 0.02~0.03 mg/kg, &
HBRE R 0.06~0.10 mg/kg, ALK 2, 725 4
2 AL TR N 3 AN AN [R] R BB KT (9 1R G A HE VA

Wi 6. WA 7. WA H WHEAT AR B B, B A4S 38 A SEAT I E 6 Rt
|5 REREA 30 mg/kg 0 7B FHARRSFE  CFRECR H N H DR R R KRS 3 d
7k #y UHPLC-MS/MS & # B WA BEAT AT I A 6 IR, B 45 R R L AN [R) 2% 2
Figure 5 UHPLC-MS/MS chromatograms of a matrix-  JiH A HERY A B h 82.5%~102.5%; H 4.
matched mixed standard solution of 7 analytes H )45 25 B 2 /N T 16 %5 F 18 %6 Rt bR i 22) o LA
at 30 mg/kg LRI 3,
F2 08~1600.0 pg/L RECENFMHERSTAEZMNIRAME R ERYE GHRMNESR
Table 2 Standard curve, R?, matrix effect (ME), LOD and LOQ values of the method
in tea matrix at the concentration range of 0.8~1 600.0 png/L
B Wl Fos it 2% R? ME/%  LOD/(mg-kg ') LOQ/(mg-kg ")
gR HEE Y=1.41X10"X —3.63 X 10 0.999 5 74.7 0.02 0.06
G RAWHEHRE  Y=7.51X10°X+1.47X10? 0.999 7 86.4 0.02 0.06
g% HEUR Y=1.23X10*X —7.23X10° 0.999 5 78.0 0.02 0.06
g% WM E R Y=4.44X10'X —7.26 X103 0.999 9 94.7 0.03 0.10
5T N LA Y=1.62X10*X+1.30X10° 0.999 1 105.9 0.02 0.06
g% WETEH  Y=1.62X10'X—8.71X10 0.999 8 92.6 0.03 0.10
gA THEE Y=1.59X10*X +4.00X 103 0.999 1 79.3 0.03 0.10
4% HEE Y=14.48X10°X +2.90 X 10? 0.999 5 —82.2 0.02 0.06
% RANWEERE Y=402X10°X—1.22X10° 0.999 6 —25.3 0.02 0.06
a4 HFEFE Y=4.91X10°X +2.59X10° 0.999 6 —13.9 0.02 0.06
%% WIMEHEE Y=9.91X10°X —1.05X103 0.999 1  —84.1 0.03 0.10
EAR S A Y=1.81X10*X —1.45X10° 0.999 5 —5.2 0.02 0.06
%% WRTHFB  Y=2.01X10°X—1.12X10? 0.999 6 —36.8 0.03 0.10
L% HEER Y=5.04X10%X —4.89 X103 0.999 7 —25.9 0.03 0.10
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3 ARZEHERERD 7HEUYHEKE . HAMBERBEE
Table 3 Recovery, intra-and inter-day for 7 analytes in different tea matrix

- - WIS/ (mg « kg™ W22/ % H A % 5/ %% ENEE R Y

K1 KFE2 KFE3 KFEL KFE2 KE3 KELD KFE2 KFE3 KFEL KE2 KFE3
BE HER 0.05  0.10 20 101.2  102.5  95.0 8.0 6.0 4.0 12.0  10.0 8.0
g% R AR 0.05  0.10 20 89.5  93.8 850 16.0  14.0 5.0 18.0  15.0 8.0
g% ®/HUR 0.05  0.10 20 95.5  96.3  91.2 5.0 6.0 2.0 8.0 6.0 8.0
g2 AR 0.10  0.20 40 101.5 1025 95.0 14.0  16.0 4.0 16.0  12.0 6.0
B IEHALm 0.05  0.10 20 90.0  88.5 825 8.0 6.0 6.0 12.0 8.0 5.0
g% HWIETEHEW 0.10  0.20 40 92,5  91.7  87.2 6.0 6.0 5.0 10.0 8.0 5.0
g 0.10  0.20 40 90.2  89.5 852 10.0  12.0 8.0 12.0 8.0 6.0
a% HEE 0.05  0.10 20 92,5  95.5 88.5  10.0 6.0 4.0 12.0 8.0 8.0
a2 R ERE 0.05  0.10 20 89.0  87.5 85.0  14.0 8.0 4.0 18.0  10.0  10.0
4% FUR 0.05  0.10 20 94.0  92.0  90.0 8.0 6.0 4.0 8.0 8.0 4.0
LIS WM P 0.10  0.20 40 99.0  99.5 92.2 12.0  10.0 8.0 14.0 8.0 8.0
L TREAERR 0.05  0.10 20 97.0  98.0 89.5  10.0 11.0 6.0 12.0 8.0 6.0
a%  HIETEm 0.10  0.20 40 96.2 95.0  86.2 8.0 8.0 4.0 8.0 4.0 4.0
AR S )1 0.10  0.20 40 89.0  87.4 850  12.0 8.0 4.0 15.0  10.0 8.0

2.3.3  SEPBREESRIN R AR IEXF 100 AN A RE g O 3 gjn:l/b\

HHELZR 50 AL 202K 50 MO HEATIE I 45 Rk 4 R . K
Hh TR I A SN AU T T S P R AL P AR
TEL% 25 BE b L AG M A9 A v VR BE 23 i) Ol 65,0, 2.4,
72.2 mg/lkg; TELL 2% FE dh b HAS A B ok EE 23 ) A
18.1,1.0,65.0 mg/ke. i HAlL 5 i) B34 A A6k 1, 4045
R 4o GEWITTER 28 M b A 7 2 8 I A L A 0L

x4 TEAEHERDPITHHRE
Table 4 Concentration levels for the analytes of interest

in different tea samples

- o Liods! T B/ e RE O R/
/% (mge+kg D) (mg -+ kg 1)
g HEM 12.0 34.2 0.06~65.00
g AR 0.0 ND ND
g HFEUHR 20.0 1.8 0.06~2.40
goR WM EEE 10.0 51.8 0.10~72.20
g% HE WAL 0.0 ND ND
goR WIETED 0.0 ND ND
g% T 0.0 ND ND
4% HHEM 18.0 12.4 0.06~18.10
i AN EERE 0.0 ND ND
4% FER 8.0 0.8 0.06~1.00
L% EARE F 6.0 42.2 0.10~65.00
4% feWIEm 0.0 ND ND
L8 WIET&Fm 0.0 ND ND
EAIP S I 0.0 ND ND

T NDRERMH.

R FH o 5 A €L T HR IR RO R AL S T R
7 BT RE AR ik S i Y Rk A R A I T 3% L D AR TR
Ak BEASCAS 25 1F 9F 25 58 T AN [a) B 2k i 26 Bk . 5
SE PP RS B RE A I 25 SR R WY % 7 vk RO L B AR
i A58 o oA i6F (R R [ s F 7 b [ s 9 47 o 0 1) 1
TE AT, B bRy R B B RE . 1R TR 100 A2
A ity PR A T A L A R AN AR S AR TR R
AR R ST T 2R e Al R O A R S B 1
Dl o T R 9 P A A BEOR
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