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Determination of 38 kinds of organic ultraviolet absorbents content in pork
by ultra performance liquid chromatography-tandem mass spectrometry

LI Yuan-Wen'? LAN Cheng-Cheng'*, WU Wei-Liang', LV Bing”", LI Jing-Guang'*"

(1. School of Public Health, Southern Medical University, Guangzhou 510515, China;
2. China National Center for Food Safety Risk Assessment, Beijing 100021, China)

ABSTRACT: Objective To establish a method for the simultaneous determination of 38 kinds of organic
ultraviolet absorbents (OUVAs) in pork by ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods The target compounds were extracted with acetonitrile and purified by pass-through
solid-phase extraction EMR-Lipid, followed by gradient elution with 2 kinds of mobile phase systems:
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Methanol-0.1% formic acid aqueous solution and methanol-0.1% ammonia aqueous solution. The separation was

performed on an Acquity UPLC BEH C;g column (100 mmx2.1 mm, 1.7 pm). Mass spectrometry analysis was

conducted using positive and negative electrospray ionization sources in multiple reaction monitoring mode, with

targeted quantification performed by the internal standard method. Results

Within their respective mass

concentration range, 38 kinds of OUVAs showed good linear relationships (r*=0.9958), with the limits of detection

ranging from 0.002 to 0.300 pg/kg and the limits of quantitation from 0.005 to 0.900 pg/kg. At 3 fortification levels in

blank matrices, recoveries ranged from 61.2% to 128.2%, with relative standard deviations all below 11.8%. This

method was applied to 19 commercially available pork samples, identifying 17 kinds of OUVAs. The concentration

levels of ZOUVAs ranged from 4.28 to 30.39 pg/kg. Conclusion This method is portable, efficient, reproducible and

capable of multiple target compounds, making it suitable for the trace determination of 38 kinds of OUVAs in pork.

KEY WORDS: organic ultraviolet absorbents; ultra performance liquid chromatography-tandem mass spectrometry;

EMR-Lipid; pass-through solid-phase extraction; pork
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R SO A 1 - BB BB S 3% 25 (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS)
ARBC T AN - R TS, B SRR R L o
IpIE) O AT AR A A S 2 D, 2 E A I T A B A5 A
PEAEYI T OUVAs 19 33 )7 24 CARVE 452213 K
o 7 i OUVAs #2377 UPLC-MS/MS ¥l 5, 1057 K
HER A 0.011~0.045 ng/mL, REFLHHE R, MENA
R R BLAY, TEJS S AR U AT BE 5 R AR Y
FEJRRY Y (matrix effect, ME). R, i b 34 7235 A 4L
$EICH bR I B R BR EEBR S AR Wi 19 T48 . QUEChERS
2 B2TVRN 2% JK 3% 3 SF i (hydrophilic-lipophilic balance,
HLB) [ A AE B8 3R 855 75 Ye A0 o3 A7 B 2
TSRO o T PIE d SR3 FA CAS [ R 28 (Y B A 4

B, i IRAEORE, —ERE LS LRIOE . HEZ T,
J T B AT TR R BR 2 - B H AR = 2R, A
FEEAHARITEFER . BRAERERTSEA . Bk, BT
GRS B & v A LT 7 {4 B Y R  RR
BE . BEOSEEAERT, W12 SE P B AR pe I gE
BN, #F EMR-Lipid B8 =040 2 H T4
T 2Rl | B R D25 e R Ak BB 12000,

g Brk, AW B X UPLC-MS/MS {45 2%
1 R DA A R R B 0 R AL AR 2R A X LA 28, 2 7 7 [+
SN 38 Flt OUVAs MG A, SRk E fE RIE &%
4. SEEHEMT OUVAs 5% B KU B Ik R LA T H 21
HARLHE

1 MRERE

1.1 MR5RF
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38 Flt OUVAs AR HE M (LEEEF>97%) W3 1; 9 Fiia &
[7 7 & N A% (4 F >98%): UV-P-D; . UV-327-Dy .
BCe-UV-329, EHS-D4(*F[# Alta 2\ #]); BP-1-Ds, BP-3-Ds.,
BP-8-D;. *C;-OC(*h[E ZZStandard 23 #)); Ce-UV-328(JI
K Wellington A#)); FEE., 2. FER . LEREE (5,
Z5[® Thermo Fisher Scientific A H]); +/\beFenf b &1k
JE(Crg). A1 284k Bk 2 (graphitized carbon black, GCB)IEH} |
2 J-N-N 3t b (ethylenediamine-N-propylsilane, PSA)
P 3 (32 Agilent 24 H]).
12 UFE5EF

Acquity UPLC # /& 2 W A 0 3% I i Xevo
TQ-Absolute = T PUB AT BT 1% . ACQUITY UPLC BEH Cjg
(100 mmx2.1 mm, 1.7 pm) . ACQUITY UPLC HSS T3 (100 mmx
2.1 mm, 1.8 um), CORTECS UPLC Cyg (100 mmx2.1 mm, 1.8 ym).,
Oasis PRiIME HLB #} (150 mg/3 mL)(ZE [& Waters /A #);
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Table 1 Basic informations of 38 kinds of OUVAs
FFs HSCA TR PR fTFR ES I

1 4-32 - 2R PR 4-hydroxybenzophenone 4-OH-BP

2 2,2 Bk -4- WA B TR H 2,2’-dihydroxy-4-methoxybenzophenon BP-8

3 2A4- TR T ORHIE 2,4-dihydroxybenzophenone BP-1

4 2,2- A4 4 - T AR TR R 2,2’-dihydroxy-4,4’-dimethoxybenzophenone BP-6

5 AT benzophenone BP

6 2- -5 IR 2-hydroxy-5-chlorobenzophenon BP-7

7 2- -4 WA L R 2-hydroxy-4-benzophenone BP-3

8 2-FR5E-4-H A B -4- H B Y 2-hydroxy-4-methoxy-4-methylbenzophenone BP-10

9 3 A A A benzylidene camphor 3-BC

10 N-2-& /ﬁ%ﬁk%)g; HLERRYL N-(2-ethoxyphenyl)-N’-(4-ethylphenyl)-ethlyene diamide UV-312

11 FH AR PR R e S 3 i isoamyl 4-methoxycinnamate IAMC

12 2-(2-FRIE-5 - H BRI ORI = 2-(2-hydroxy-5-methylphenyl)-benzotriazole UV-p

13 4-F LR A% ik 4-methylbenzylidene camphor 4-MBC

14 TKIABR-4-BU T HR B 4-tert-butylphenyl salicylate TBS

15 T E BRI R R diethylamino hydroxybenzoyl hexylbenzoate DHHB

16 L IRYN octocrylene ocC

17 IKIGIR-2- .3 2 H R 2-ethylhexyl salicylate EHS

18 2-(5-HU T Be-2-FR R HL) R I = 2-(5-tert-butyl-2-hydroxyphenyl)-benzotriazole UV-PS

19 Bap AR5 avobenzone BMDBM
20 X SRR R SR R 2-ethylhexyl 4-dimethy-laminobenzoate OD-PABA
21 EHZIMER homosalate HMS % Dr.
22 Xof FY S L P AR IR = T 2-ethylhexyl-4-methoxy-cinnamate EHMC Ehrzr;s;j)rfer
23 2—%%%—6—(2H—i@3%—2—%}—4— i 2-allyl-6-(2H-benzotriazol-2-yl)-4-methylphenol UV-9
24 2- -4 TE 2 A 2R F 2-hydroxy-4-(octoxy)benzophenone BP-12
25 2-(2-FRFE-5 R FEIEIE) -SRI = 2-(2-hydroxy-5-tert-octylphenyl)- benzotriazole UV-329
26 3 ’5_¥*XT%_4_§§;§;$ BL-2.4-—#8T 2,4-di-tert-butylphenyl 3,5-di-tert-butyl-4hydroxybenzoate UV-120
27 2'(3'WT%S'ﬂIi'z'EX%)'X# 2-(3-sec-butyl-5-tert-butyl-2-hydroxyphenyl)-benzotriazole UV-350

28 2-(3,5- - T B2 H-AR e 2-(3,5-di-tert-butyl-2-hydroxyphenyl)-2H-benzotriazole UV-320

29 T OB T kI — R diethylhexylbutamido triazone DBT

30 2RSS XX(a’i: REFI® 2-[2-hydroxy-3,5-di(1,1-dimethyl benzyl)phenyl]-2H-benzotriazole UV-234

BRI = ’ ’

31 2R %g;;_,%z-iﬁz RS- 2-(2-hydroxy-3-tert-butyl-5-methyl-phenyl)-5-chlorobenzotriazole UV-326

32 2-(-RHE-3 5 - BT = 2-(2-hydroxy-3,5-di-tert-amylphenyl)-benzotriazole UV-328

33 22BES ,5%;2@%2{:%)-5-%& 2-(3,5-di-tert-butyl-2-hydroxyphenyl)-5-chlorobenzotriazole UV-327

34 2-QH-KFF —M-2-4)-6-(1-H 25-1-9K 2 2_(1-methyl-1-phenylethyl)-4-(1,1,3,3-tetramethylbutyl)-6-(benzotriaz UV-928

F)-4-(1,1,3,3-PH H 38 T 38) 2R ol-2yl)phenol
2-(4,6- TR HE-1,3,5- = R0 )5 3 . .
35 AT 2-(2-hydroxy-4-hexyloxyphenyl)-4,6-diphenyl-1,3,5-triazine UV-1577
36 46T H %%%)- 13 ,5-E”555-2-2,4-bis(2,4-dimethy1pheny1)-6-(;-hydroxy-4-noctyloxypheny1)- L3St (v 6aa
15 E I iazine

37 2,2°-WF R (A-BE -6 4T — IRy 2,2’-methylenebis[6-(benzotriazol-2-yl)-4-tertoctylphenol] UV-360 hE Alta
38 M- FE O ARy TP R = bemotrizinol BEMT |
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MS204S B, 70 KPR BE 0.1 mg, Fii |- Mettler Toledo 2
#]); Vortex Genie 2 IR iER 7 % (35 [ Scientific Industries 2
r]); KQ300DB RUAH: M 75 1 Uk A (5 MM S8 75 AR T);
N-EVAP™ 112 & WAL (3% E Organomation /A 7)); 3K 15 /3
BB DHL(ERE Sigma /A F]); Captiva EMR-Lipid HF
(300 mg/3 mL)(3 [ Agilent 2\ H])

1.3 XWFFE

1.3.1 ARAERERH &

43 590 G R BGE S SR BRVE S AR T, TINAZ
JEHAIRAE, T 10 mL A RMER, BE a5 En
AR, BT 20 CHYGCKMHES A A,
R A8 S 0 75 SR T T V5 7 o ot Ze A BE BT U e bm ol i 26, TR
A WARBT R R FE Y, 2 ng/mL.

1.3.2 #emaras

HEFRIL 2 g BIBTAF G ARE R (RS TH 2 0.0001 g),
—80 CHZ R VR TH 48 h ZT MR A 2 ng BINFRIR
B, 5 mL ZIEHRE BRI ETF, 4 20 min IWHEHR
%5 30 min A RBUS, L1 9500 r/min %4548 F 2.0 10 min,
WE W R L FEEBCE TR 1R, &R B3R, A
W4 2 2 mL, %4 EMR-Lipid #fb/ME, 2 mL
CIBVEBUS A IR, AW ZE 1 mL, £-40 °C®
2 h 5. 15300 r/min {IRIR VRS0 10 min J&, B ER
For 437 o
133 &iEss

{6384 ACQUITY UPLC BEH C;5 (100 mmx2.1 mm,
1.7 pm); i 0.3 mL/min; H:i& 40 °C; #EFER 3 uL; IEE
FHRXT, WA R 0.1% (V:V) TP RKIEIK, 118 T,

2 387 OUVAs RikSH UKL MTEE

MR 0.1% (V:VYRKIE . sl B Si— R H I, BEEEVE
JRFRP PR 0~1 min, (REFFSIAE B 7 20%; Ffif5 | min FF
2 70%, 4K 5 min NFHE 100%; RIF4ER 10 min; F&
0.1 min PREFEZE 20%, FAERFZ G 3 min DIP#R S
1.3.4 Figdktt

B U N H W 58 3 T U (electrospray  ionization,
ESI/ESI) . DL 4y Bt X £ J W Wi W (multiple reaction
monitoring, MRM)F iR R . HIESH: BTk
MR 2.5 kv, BRI SOR B 5 RE 4370 500 °CAn
800 L/Hr; #EFLA W 150 L/Hr, 38 Fh B ARYY (445 5 i [a]
FHARTESE, W%k 2,
14 HIEALIE

{8 By Masslynx 4.2 30458 BUECE R4 e PR 51 5
41 FlFH Microsoft Excel 2021 {4 5 AbFEF1 4%
FHIE%, %54 Python 3.1.2 Hl Origin 2022 #1458 i 52 56 [
T2

2 FER5HH

2.1 B ILIE&HML
2.1.1 B Adkie

16 ESI B iR, JT B MRM A a7 54k o
KA AR R T, B 0.1 pg/mL BTRAARE VR
BAEEFEAGENP . T s N, oL RS
MR, THVEd 2 NFERE . 55 AR 8
T, AR R T REEE T 38 A AR B X
fFE . ML R LR RE RS, MDA TE 2 %,

ElEATE. XA BHIR. E2IR

Table 2 Mass spectrum parameters, linear ranges, linear equations, correlation coefficients, limits of detection and limits of
quantitation for 38 kinds of OUVAs

oy FEOBET e, WLy IR e DR LoDy LoOy
WHEl/min+ (nvz) feft/eV HIE/V (ng/L) ZH(@  (ugkg)  (ugke)

4-OH-BP 3.30 199.1 121.0*%/105.0 19/19 20 BP-1-Ds  0.02~100.00 Y=1.2261X+0.0127  0.9998 0.013 0.040
BP-8 3.36 243.1  93.0%/123.0 -18/-19 -30 BP-8-D;  0.02~100.00 Y=0.8853X-0.0116  0.9999 0.007 0.020
BP-1 3.50 215.1 137.0*/105.0 18/20 30 BP-1-Ds 0.02~100.00 Y=1.3461X-0.0283  0.9992 0.013 0.040
BP-6 3.52 273.1 123.0%/108.0 —20/-30 -28 BP-8-D;  0.02~100.00 Y=1.6438X-0.0191  0.9999 0.007 0.020
BP 3.81 183.1 105.0*/77.0 14/29 14 BP-1-Ds 0.1~100.0  Y=1.0960X+0.5058 0.9998 0.300 0.900
BP-7 397 231.0 121.0%/77.0  -21/-29 =27 BP-8-D;  0.02~100.00 Y=0.5387X-0.0026  0.9992 0.008 0.025
BP-3 4.24 229.1 151.0*/105.0 20/20 25 BP-3-Ds 0.02~100.00 Y=1.0088X+0.0129  0.9997 0.008 0.025
BP-10 4.73 243.1 151.0%/119.0 23/23 35 BP-3-Ds  0.01~100.00 Y=1.6632X+0.0075 0.9991 0.007 0.020
3-BC 5.11 2412 143.1*/97.1 18/18 29 BC;-0C 0.05~100.00 Y=0.4787X+0.0117  0.9992 0.050 0.150
UV-312 5.26 313.2  138.1%/122.1 15/15 29 BP-3-Ds  0.01~100.00 Y=1.2633X+0.0021  0.9987 0.017 0.050
TAMC 5.38 249.2  161.1¥/179.1 17/10 23 BP-3-Ds 0.05~100.00 Y=0.8779X-0.0110  0.9996 0.017 0.050
UV-P 5.57 226.1 120.1*/107.0 17/19 18 UV-P-D; 0.1~100.0  Y=0.7223X+0.0717  0.9994 0.033 0.100
4-MBC 5.64 2552 171.0%/97.1 19/20 28 BC;-0C 0.02~100.00 Y=0.7421X-0.0061  0.9988 0.013 0.040
TBS 597 269.1 149.1%/225.1 -23/-12 -29 EHS-D4 0.02~100.00 Y=0.2236X-0.0023  0.9994 0.013 0.040
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DHHB 6.00 398.2  149.0%/296.1 27/27 28 BP-3-Ds 0.01~50.00  Y=3.4829X+0.3143  0.9990 0.003 0.010
oC 6.39 3622 250.1%/232.1 7/19 10 BC,-0C  0.05~100.00 Y=0.8016X+0.0081  0.9995 0.008 0.025
EHS 6.69 2492 137.0%/93.0 -19/-22 25 EHS-D,4 0.1~100.0  Y=0.9698X+0.3738  0.9997 0.083 0.250
UV-PS 6.70 268.1  212.1*%/57.0 20/20 20 UV-P-D;  0.05~100.00 Y=1.4389X-0.0141  0.9992 0.017 0.050
BMDBM 6.71 3112 161.1%/135.0  27/26 25 BP-3-Ds  0.01~100.00 Y=1.4207X+0.0190 0.9997 0.025 0.075
OD-PABA  6.73 2782  151.1%/166.1 28/22 28 BP-3-Ds 0.01~50.00  Y=5.2120X+0.0154  0.9998 0.002 0.005
HMS 6.84 2612 137.0%93.0 -21/-25 20 EHS-D,4 0.1~100.0  Y=1.0492X+0.0722  0.9991 0.067 0.200
EHMC 6.88 291.2  161.1%¥/179.1 17/10 25 BC3-0C  0.05~100.00 Y=0.9107X%+0.0767  0.9994 0.042 0.125
Uv-9 7.36 266.1  119.1%*/91.0 25/30 27 BCeUV-328 0.05~100.00 Y=1.3580%-0.0442 0.9966 0.013 0.040
BP-12 7.80 3272 137.0%/215.1 25/28 28 BP-3-Ds  0.02~100.00 Y=1.9210X-0.0640  0.9962 0.017 0.050
UV-329 8.08 3242 212.1%/92.0 25/44 30 BCe-UV-329 0.01~100.00 Y=0.7999X+0.0063 0.9998 0.008 0.025
UV-120 8.17 439.3  233.2%/3832  25/12 28 BP-3-Ds 0.01~50.00 Y=4.2730X-0.5122  0.9958 0.002 0.005

UV-350 8.62 3242  268.2%/212.1  25/25 28

BCe-UV-329 0.01~100.00 Y=1.6479%+0.0216 0.9997 0.042 0.125

UV-320 8.76 3242 268.1%/212.1 22/30 16

UV-327-D,y  0.05~100.00 Y=0.7579X+0.0149  0.9997 0.010 0.030

DBT 8.76 766.5 468.2%/307.2  57/75 44

BC-UV-328 0.01~100.00 Y=0.2109X+0.1045  0.9993 0.003 0.010

UV-234 8.79 4482 370.2*%/119.1 22/33 34

BCe-UV-328  0.01~50.00 Y=4.7505X+0.0110  0.9970 0.002 0.005

UV-326 8.86 316.1 260.1%/107.0  22/25 32

BCe-UV-328  0.05~100.00 Y=0.2912%+0.0348  0.9974 0.083 0.250

UV-328 9.17 3522 282.2%/212.1 23/26 32

BCe-UV-328  0.02~100.00 Y=1.1605%+0.0353  0.9996 0.007 0.020

UV-327 9.28 3582 302.1%/246.0  22/26 34

UV-327-Dy  0.05~100.00 Y=1.2968X+0.0427  0.9991 0.050 0.150

UV-928 9.44 4423 364.2%/252.1 23/33 35

BCe-UV-328 0.01~100.00 Y=2.4491X+0.0219  0.9997 0.003 0.010

UV-1577 10.23 4262 104.0%*/136.0  42/42 32

BCe-UV-328 0.01~100.00 Y=2.0882%+0.3198 0.9976 0.002 0.005

UV-1644 11.61 5103  136.0%/132.1 40/40 34

BCe-UV-328 0.01~100.00 Y=0.4196X+0.0420  0.9986 0.033 0.100

UV-360 11.01 6574 322.2%250.1 4582 33

BP-8-Ds

0.05~100.00 Y=1.7621X+0.2161  0.9969 0.002 0.005

BEMT 14.26 6284  136.0%/404.1 37/43 35

BC-UV-328  0.05~100.00 Y=0.3268%-0.0189  0.9963 0.050 0.150

O E R E T K H R (limits of detection, LODs)Fl%E & FR (limits of quantitation, LOQs).

2,12 &ikiftik

SKSEER 38 Fh H BRI BT B I — 4[] 43 S A A 1 v
FEEFIE B, T Al A AT, LIRS R4 IR B
REAN S 8RB A Y 5 58 T8 WL 3 R it ACQUITY
UPLC BEH Cyg (100 mmx2.1 mm, 1.7 pm), ACQUITY
UPLC HSS T3 (100 mmx2.1 mm, 1.8 pum)Ffl CORTECS
UPLC Cis (100 mmx2.1 mm, 1.8 pm). Z5H8EH, &xf
UV-320 F1 UV-350 X — X [A] 43 4444, 3 Fi (it SR Se
FL e, (AR08 =2 OUVAs I, CORTECS UPLC
Cis 1 ACQUITY UPLC HSS T3 ikl i 39 /™ 5 0 (0, i35 05
HiREM % . ML= T, ACQUITY UPLC BEH C,q A4 &
B SR BT BRI W T, A R B2 4 1R T s D ) i) 2 B
1.5~2.0 min, [ ny (i 5 2 7 2~4 £, PRtk R
ACQUITY UPLC BEH Cg a3 #4743 8
2.1.3 AsAatki

FE A0 1% 2 25 P A R vh, AN 9% B 5% SR U SN A
pH X BFRYIA 3 BOACRE . i 0T 245 LA R i o 56 35 1) 5%
Wi, 240 OUVAs 58 % H = MR R 3k, A IER 7R

SR, AR RN LL S SRR, A 5 mmol/L Z ik
VW, 0.1%FH BR/K I TR T A 00 (o ik e 4t g, $R T
FRIE . MKMEREE OUVAs AR, 0.1%ZKIAZRAE
KT LA, mn 3= B 8~10 £, HGE.
BT KA 31K 0.1% P R- KRR 0.1% 28 /K v
Wi, TERMLEMET, 38 Fl' OUVAS i MRM taRE & LA 1,

2.2 HmBECEMmIL
2.2.1 FBURN &GHAC

YT 38 i OUVAs HEBR R (LogP ¥R T 3), %
FEIUH B A DL IV R (RS A L SR A Al AT HL
MR RS A RA S, 2% B AR A BB R = —
SoM ., R, ASBIRSE LS PR PR R 0T v TS AR o it T 4
Xof BRI T A IAKCE R 10 pg/kg), M HEE T &
Ht . ZIEMCTE-KIEG IR (82, VIV IREOR . 45
WE 2(A)FTR, 45 ZIEXHA 29 F OUVAs M Bl 35 F
AR, R AP s Re Jym, PHTTE R MRE
5055 H Gy S AR S KB AR M S 243 0T, 18 AR sR i
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bt RMHBER% PAIE(ngke)  RfE(ng/ke) vixis?| R i ngke) K MEA(ng/ke)
BP 100.0 2.37 4.77 oC 100.0 0.93 7.05
BP-3 100.0 0.11 0.96 EHMC 100.0 1.78 9.55
BP-12 94.7 0.14 8.72 EHS 100.0 1.34 3.63
UVv-p 57.9 0.10 0.57 HMS 100.0 0.99 5.92
UV-234 42.1 <LOD 0.03 4-MBC 42.1 <LOD 0.62
UV-329 57.9 0.02 8.49 DHHB 100.0 0.39 3.92
UV-326 42.1 <LOD 0.71 BMDBM 94.7 0.11 2.30
UV-360 78.9 0.25 2.96 OD-PABA 47.4 <LOD 0.37
UV-312 31.6 <LOD 0.06 2OUVAs 100.0 11.09 30.39
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