7 e B VR A € 3 — EP BB B 3 R A BRI 2R 0P 1RO R —— R L 4 —1333—

1 VR A (23 - 5 BB o T 0 ) S8 B 2R TR 11 e GBS 5
IAS, RSS20k R, EBF, T4
(BT ERBAGERAF O, IAERR LN ENEL SRS AR TALT L FED ¥

ALK E LA I 224000)

i E.BHWN A8 RMEHE-BRAEEMNZIH TR T LA ELEAGANG %, HE HR%ZN,N-

W R P B K= SR (T70:29: 1, V/VIV)R BRI, miE FE A, B o it g, 3t UPLC-MS/MS & %, vA LI
-0.2% R K A A A8, HE R, % Waters BEH CIS(Z 1 mmx100 mm, 1.7 pm) @'P’-?Fl ,R M ESLR, E R & T

Fletia#e) 2 R WAL X T4 S ark 2 %, B8 AR aAN LS Elé’aéi' T A& R A £
Z#(r)39>0.995, % 4 LA 0. 003~0. 03 mgrkg, 7 % & B FE 0. 01~0. 1 mg/kg, 45 % R 5 Foumele 3 K ILH %
AP HEATIR T B 3R T AR, @ R EE A T1. T%~116. 9% , 48 3+ 4% £ 45 £ (RSDs) & B A 0.7%~9. 9%, Z5it
BHERE B CER,ER TR R Aot E IR B 11 AP I G A 6K, IR Rk AR A A
R b

R B otk BRI AR A H IR E P BT

FESES RIS MERARIRAD : A XEHS :1004-8456(2024)12-1333-09

DOI:10. 13590/j. cjth. 2024. 12. 005

Determination of 11 fluorescent whitening agents in fresh tea drinks by ultra-high performance
liquid chromatography-tandem mass spectrometry
WANG Chunlei, HUANG Zhenzhen, LI Bingbing, DAI Li, CHEN Guoqing, WANG Kun
(Center for Disease Control and Prevention of Yancheng, Yancheng Center of Jiangsu Food Safety Risk

Monitoring, Yancheng Center of Molecular Biology in Public Health, Jiangsu Yancheng 224000, China)

Abstract: Objective To establish an analytical method for determination of 11 fluorescent whitening agents in fresh
tea drinks using ultra-high performance liquid chromatography-tandem mass spectrometry. Methods The samples were
extracted by sonication of N, N-dimethylformamide/water/triethylamine (70:29: 1, V/V/V) , added with appropriate
precipitant, centrifuged and filtered, finally injected into the UPLC-MS/MS system. The samples were separated on a
Waters BEH C, column (2. 1 mmx50 mm, 1.7 pm) with acetonitrile and 0. 2% ammonia as mobile phase, and detected
using electrospray ionization in multiple reaction monitoring mode via positive and negative ions scanning. Compounds
were quantified by external standard method. Results The 11 fluorescent whitening agents had good linearity within the
measured concentration range, and the correlation coefficients (r) were all above 0.995. The limits of detection were
0. 003-0. 03 mg/kg. The limits of quantitation were 0. 01-0. 1 mg/kg. The recoveries were 71. 7%-116. % and the relative
standard deviations were 0.7%-9.9% in three kinds of fresh tea drinks including milk tea, fruit tea and coffee.
Conclusion The proposed method is simple, highly efficient, accurate, and suitable for the detection of 11 kinds of
fluorescent whitening agents in fresh tea drinks such as milk tea, fruit tea and coffee, which provides a methods for food
safety supervision related to fresh tea production.
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Table 1  Gradient elution program of UPLC
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Table 2 The Mass parameters of the 11 fluorescent brighteners
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Figure 1 Intensity of compounds in different mobile phase system
N-50ACN-0.2%NH150 XEVO-TQDH#QCA1390 17-Apr-202418:05:10  N-50ACN-0.2%NH150 XEVO-TQD#QCA1390 17-Apr-202418:05:10
20240403000498 - 6: MRM of 2 Channels ES+ 20240403000498 277 11: MRM of 2 Channels ES-
100 6.8 TIC (CLOB-2) 100, : TIC (CL113)
2.75¢6 577c4
nye o
L L ! . L L L L . ! |
000 100 200 300 400 500 600 700 800 900 1000 11.00 12.00 13.00 | | ) | | | | | | . \ \ )
20240403000498 729 5: MRM of 2 Channcls ES+ -000 100 200 300 400 500 600 7.00 800 900 1000 1100 1200 13.00
1001 TIC (CL184)  20240403000498 296 10: MRM of 2 Channels ES-
. 7.47¢6 100 ! TIC (CL71)
= 1.12¢5
I L L L L L L I L L ! | =
=000 100 200 300 400 500 600 700 800 900 1000 11.00 12.00 13.00
20240403000498 6.62 4: MRM of 2 Channels ES+ . | . | . . . . | . . ,
1001 TICELESY 000 100 200 300 400 500 600 700 800 900 1000 1100 12.00 13.00
- 886 90240403000498 273 9: MRM of 2 Channels ES-
= 100 e TIC (C1.85)
0 1 1 1 1 1 1 1 1 L L | 6.13e4
000 100 200 300 400 500 600 700 800 900 1000 11.00 1200 13.00 .
20240403000498 .41 3: MRM of 2 Channels ES+ =
100 ; TIC (C1.393)
3.28¢6 0 1 1 L L 1 1 1 1 1 1 L Il |
N <000 100 200 300 400 500 600 700 800 900 1000 11.00 12.00 13.00
20240403000498 289 8: MRM of 2 Channels ES-
0 L L 1 1 L 1 1 L L 1 1 ] 100 1 TIC (C190)
000 100 200 300 400 500 600 7.00 800 900 1000 11.00 1200 13.00 1 24c3
20240403000498 437 2: MRM of 2 Channels ES+ .
100 - % TIC (CL.162) X
292¢6
X L L 1 L L 1 1 L L 1 1 |
i i : ; ; ; ; ; ; ; ; ; <000 100 200 300 400 500 600 700 800 900 1000 11.00 12.00 13.00
=000 1.00 200 300 400 500 600 700 800 900 1000 11.00 12.00 13.00 202 0403000458 294 7: MRM of 2 Channels BS
20240403000498 473 1: MRM of 2 Channels ES+ 6.09¢5
100 - i TIC (CL140) 3
469¢6 <
N
.

0 I I I 1 1
-0.00 1.00 200 300 400 500 600 7.00 800

L)

I I 1 1 1 Time
9.00 10.00 11.00 12.00 13.00

115 3 1177 €235 5 (50 ng/mL)

0 1 L 1 I I 1 1 1 1 1 1 1 Time
-0.00 1.00 200 3.00 400 500 600 700 800 900 10.00 11.00 12.00 13.00

Figure 2 Chromatogram of the 11 FWAs (50 ng/mL)
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Figure 3 Comparison of the extraction efficiency in different extraction solvent
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Figure 4  Effect of the ultrasound temperature on the extraction
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Figure 5 Effect of the ultrasound time on the extraction
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Table 3 ME of 11 fluorescent brighteners

. TR/ %%

F5 kA ST § =
EORED ek K Ik

1 CL140  -15.2 1.2 -30.8(-18.4)
2 CL162 -72 0.8 -25.0(-19.2)
3 C1.393 60.8 -18.5 70.0(-6.4)
4 CLKSN 1825 16.8 212.5(10.6)
5 CL184 43.0 -7.9 62.3(13.5)
6 CLOB-2  142.1 95.3(-19.3) 189.1(19.4)
7 CL351 -18.8 17.8 -33.4(-18.0)
8 CL.90 -8.0 -6.3 -26.0(-19.6)
9 CL85 71.7 58.9(-7.5) -6.1

10 CL71 -15.7 17.4 -31.2(-18.4)
11 CL113 414 26.8(-10.4) -16.2

TE A5 5 PN g MRS T 00 258 S T %0 A X i 5 20 7

2.5 JrEFRIE
2.5.1 LRMEXRGRHE

K F AR YRR 5 A6 Ak I 16 i A 3R 5% 1 R AR 45
P8 % bR 2R A AR W AT I, 11 FhEe e A
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Table 4  Linear equations, LODs and LOQs of 11 kind of fluorescent brighteners
s wEY LAEAE L/ (ng/mL) KR r LODs/(mg/kg) LOQs/(mg/kg)
1 C.I.140 1~200 y=2122.07x+322.849 0.999 2 0.003 0.010
2 C.I.162 1~200 y=2361.9x-627.875 0.997 5 0.003 0.010
3 C.1.393 5~200 ¥=3392.2x+2 728.03 0.998 6 0.007 0.022
4 C.LLKSN 5~200 y=3 323.67x+6 332.37 0.996 1 0.010 0.033
5 C.1.184 5~200 ¥=7 947.29x+18 092.9 0.995 1 0.011 0.036
6 C.I1.OB-2 5~200 y=6579.51x+11 497.9 0.996 4 0.008 0.025
7 C.1.351 5~200 ¥=325.75x-16.752 9 0.999 7 0.008 0.026
8 C.1.90 10~200 y=41.752x-24.226 5 0.999 5 0.015 0.050
9 C.1.85 10~200 y=17.851 1x+21.471 5 0.9970 0.015 0.050
10 C.1.71 10~200 y=61.144 9x-44.477 8 0.998 7 0.015 0.050
11 C.1.113 10~200 y=20.677 6x+22.996 4 0.999 0 0.030 0.10

FITE £ F MG BN R M R A, A0 G R $>0. 995,
1825 FURE S I — 7 B AR MEVA TR, 220 — R BT
AbHE L3 A% S/N Rk H BR (Limit of detection, LODs) ,
10 1% S/N M 5% & PR (Limit of quantitation, LOQs) ,
11 F HFR# B LODs 24 0. 003~0. 030 mg/kg, LOQs
9 0.01~0. 10 mg/kg, HAKZE R UL 4,

2.5.2 [l N %

TEW 228 R AN E 2R 45 3 2845 1 Ak

HEATAR R 3 KOE AR A vk B P AT I E
6 X, T [T 58 K AH X 5 UE fi 22 (Relative standard
deviation, RSD) , W15% 4 FF7R , AR RAFTEHT 11 Fholot
B R AE g 25 28 B T P IR R 75, 0%~114. 4%,
RSD A 1.2%~9. 8% ; 7F R 2% 28 & 7 b ol g o Oy
76.5%~116.9%, RSD N 0. 7%~9. 5% ; 1£ Wi M 25
He 5 [m] e R 71, 7%~109. 3%, RSD A 0. 8%~
9.9%.

25 HARY A1 R AH X b o A 22
Table 5 Recoveries and relative standard deviations
BE O Aw A/ (mg/kg) LEE - RRE L.
34 [l i 2/ % RSD/% 3 Il /% RSD/%  “F¥EIE/%  RSD/%
0.1 80.3 1.3 86.0 5.4 74.5 1.6
1 C.1.140 0.4 92.6 1.3 92.4 2.3 80.3 6.4
1.0 97.9 1.3 107.0 2.8 78.7 2.5
0.1 75.0 3.6 82.1 7.4 72.4 1.1
2 C.I1.162 0.4 87.1 1.8 90.1 2.1 82.5 3.1
1.0 92.5 1.2 96.2 0.7 80.9 1.2
0.1 92.8 9.8 88.6 9.3 81.3 7.1
3 C.1.393 0.4 110.0 4.8 86.7 9.3 71.9 6.1
1.0 102.7 8.3 83.1 9.2 95.1 9.9
0.1 82.6 9.4 106.6 9.5 89.9 8.6
4 C.Lksn 0.4 113.5 3.3 111.6 7.4 87.8 9.5
1.0 100.0 8.6 82.9 6.3 107.2 7.1
0.1 103.9 8.5 116.9 6.3 109.3 6.1
5 C.I.184 0.4 109.8 8.3 115.5 1.2 84.9 6.4
1.0 75.6 7.7 76.5 7.8 91.1 6.7
0.1 101.5 7.8 89.3 9.4 86.1 8.7
6 C.Lob-2 0.4 113.3 2.2 102.3 7.3 103.0 4.8
1.0 103.6 9.7 78.9 8.3 107.2 7.1
0.1 89.7 2.7 103.4 1.7 85.2 0.8
7 C.1.351 0.4 97.8 2.9 115.8 2.3 73.8 9.6
1.0 110.8 1.9 111.3 6.6 81.4 4.0
0.1 94.1 7.0 116.8 3.0 81.7 4.6
8 C.1.90 0.4 97.0 2.4 114.8 3.3 73.7 9.5
1.0 113.9 5.1 95.8 6.6 78.4 4.0
0.1 102.0 8.2 103.4 3.6 93.5 8.1
9 C.1.85 0.4 108.1 5.2 113.5 3.2 87.0 8.6
1.0 112.7 2.5 99.7 3.1 97.7 4.3
0.1 88.3 3.0 101.9 7.3 80.4 5.2
10 C.1.71 0.4 114.4 2.7 112.3 4.7 71.7 8.1
1.0 108.5 3.7 114.7 1.3 72.5 2.7
0.1 96.4 6.6 100.6 7.5 96.7 8.4
11 C.I.113 0.4 105.7 4.3 113.8 3.2 90.2 8.2
1.0 111.8 5.0 101.5 2.5 95.6 3.4
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2.5.3  SEPREESIN

NS 0 5 A R I T 3 R AR 24 £ BRI
W LERKI A 4R CL 393, W EE
Bl oA 0. 10~0. 18 mg/kg, H AT R H .

3 #ig

ARG LA T A AL B A LA T R R R Y
PEHURL R BEFE T0%DMF (5 1% = 2 ) 1E N 2 B
VAR s PR TR R R R R R TR) L R Bk Okt
SR RE A L FE 50 CCI A NS 40 min, XK
P 3 1 25 R SR % T L 3k 3 g A 1 B OB, X T AR
3 2 I IME AR S, RT DR 2 AR IG I AE
114 B TR o A IR AR AR AR S OUE ) L R FH S
o T ) A R s T ARON |, AR T s Ak
IR 5 SR 25 -0. 2% S8 K VA W B BE Ve G L 1F
TUBS F [ Al MRM A28, 11 Ff FWAs A DLk 5]
UV A RO %5

25 b AR RIS R FH 8 AORAH £83 - £ B T %
T ST T A ARSI A4S L R A e 4 A% TR
oL B o GG R O L R A Rt R A
P B =5 A0, 35 T e S A, Sk B A5 A H
B WA R ESHF. ARER WA —E N
Joy BR P, — 2 B A% K C 5 B 43 22 SR L FE SE B
TAE R BGE T A 25K 00 25 11 3 0 R 6 R A
A BE T LR St AS [ 35 5, T A X 7 ) R S il 4k il
JEE R R TR A A A B O I T LA f Ak, R
U0 FE ST AL L 3K 2 A JE B9 TAE R — A5 Tl
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