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W OE: BRY S RORO - DR - 3 U B R 40 B R A I B 4y ) LIC 5 Wk Hh RO =k
HOMEW i AR ZIEIREL, —20°CA R 1 h, B.0BCERE)E EALIE . L ACQUITY UPLC BEH C8
I (100 mmx2.1 mm, 1.7 um) A2 HrkE, H -5 mmol/L 2 BREE Jy i shAH MEA 185 BE RN 28, R Mm%
BIRIE B TR, S P R R I, JERTUCACA MR E B G5 R 6 R IR I 2SR AN R I AE
0.05~10.00 ng/mL i Bl A2t 5C R RIAF, MXRBI K THET 09977, 25 HFE M B 0 A% B 5
50.39%~109.00%, FHXTARIEZE N 2.88%~17.99%, Fiki BN 0.01~0.97 ng/g, &R 0.04~3.23 ng/g.
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Determination of benzotriazole ultraviolet absorbers in infant formula milk
powder by ultra performance liquid chromatography-quadrupole-
electrostatic field orbitrap high resolution mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of benzotriazole ultraviolet absorbers in
infant formulae by ultra performance liquid chromatography-quadrupole-electrostatic field orbitrap high resolution
mass spectrometry. Methods The samples were extracted with acetonitrile, frozen at —20°C for 1 h, and centrifuged
to obtain the supernatant to the machine for determination. The separation was performed on an ACQUITY UPLC
BEH C8 column (100 mmx2.1 mm, 1.7 pm) with methanol-5 mmol/L ammonium acetate as mobile phase by gradient

elution. The detection was performed with electrospray ionization source in positive ion mode, high resolution mass
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spectrometry in full scan mode, and quantitative analysis by matrix matched external standard method. Results The

line range of 6 kinds of benzotriazole ultraviolet absorbers were good in the range of 0.05-10.00 ng/mL with the

correlation coefficients greater than or equal to 0.9977. The recoveries were 50.39%—-109.00%, the relative

standard deviations were 2.88%—17.99%, the limits of detection and the limits of quantification of the method

were 0.01-0.97 ng/g and 0.04-3.23 ng/g, respectively. Conclusion This method is convenient, rapid and capable of

accurately detecting the content of 6 kinds of benzotriazole ultraviolet absorbers in infant formulae, which is of good

practical significance for the monitoring of infant food safety.

KEY WORDS: benzotriazole ultraviolet absorbers; infant formulae; ultra performance liquid chromatography-

quadrupole-electrostatic field orbitrap high resolution mass spectrometry
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7R I = R 2 8 2R 7 i 57 (ultraviolet absorbers, UV
absorbers)J&—JEH B MR E T, X 48 HMER 1) W LT PRl 4%
I, BRI 300~400 nm AT UG, JLT AR
400 nm UL BRI, AESRET RPN . i ibie R
B, AT DI IR A IR, Rtk 0 T A
O O 7 = R S (1D SN = -9 B 17 SV TN -2 S
Al . BRSO TER MR R R, PR =
WS S AN W IOR 5 ) R TEERS . =, BTz Bt
Vs, BA SRR, K. RES RS IR
MRS 2B g, B, BA ZWE R, It
KW KRB LI IRAAHE 2 AREA
AR gERRI, KERAR, IR YRR, 2K
It =M SR SN 2 IR A o BRI AURE i R AL
MR E R mRCEE, X R S A B SN
Bk, ENAMR B ERERFERI &, s Z it
A, LIU S5 i Ak 4> [ sl 7e 42 A 2 U2 (online
solid phase extraction, online SPE), ff#f . mxbilE T
BOKFER ) 9 R =R AMRIGR], iR E
IR L V5K AR BETHEAK L T K SRR IR
FIR AT, KIM ZEUVRT LIu 250053 5] P e ek i 751 4
LA 0 PR ER BOL X B LA (Y B AR A TR, TR
B BB B OISR — D RBRIR BT, W TS B B
BT A, 43 HIOHK - W9 A B (dispersive  liquid-liquid
microextraction, DLLME)!' | 10% H,O-2& i fif ek (i jiepkl'8 |
IR ZEBOET O Tk . 978U . dEss | A
SR S REA I WA BT

TR IF = 28 B A1 WSO e T 3 3 R SO A
- BT %L (high performance liquid chromatography-
tandem mass spectrometry, HPLC-MS/MS)FIS AH €4 1% -5 Bk
it 1% 3 (gas chromatography-tandem mass spectrometry,
GC-MS/MS). {H i = 5080MH €15 - DO AR A - v 3 B 15 1
B /=0 23 W % (ultra performance liquid chromatography-

il

quadrupole-electrostatic field orbitrap high resolution mass

spectrometry, UPLC-Q-Orbitrap HRMS)EL.A =43 FE R A1
WORERE . RBELT, ATR E AR S YA T SR Y
MR, B E RIS, rke s, 5% K
BRI RS T 2N .

SR, DA 857 A4 28 I — k2 28 A 0 WAC5R) B4 o BT
ik, RIS RIIREEREA . NMBEAS | 78U S5
A, FEE S BRI A B . TS O SRR
MR T R S B A M B Ik, Pk
AN iRfd e, Bk, g7 /i g 2RI = S A 2R IR
WO HE PRSI 5 i e 0. AHIESE LA B A
J5 1 o b B Ak B A R E AT H Ak, U A
UPLC-Q-Orbitrap HRMS, #3724 LA Wik b 6 st
RUZR I =R SR ANR R BOGR A9 E 1 s AT s, DA
SRl LR S AR W T AR R AR S %

1 RS

1.1 XF5RF

UHPLC Vanquish Flex tandem Orbitrap ID-X #8 5 73 3¢
TR FH A (3 1E] Thermo Fisher Scientific 23 H]); ACQUITY
UPLC BEH C8 W AH1%4:(100 mmx2.1 mm, 1.7 um)(GEH
Waters 23 #)); Milli-Q 1Q 7005 #4li/K #$(3% [ Millipore 2
A]); Centrifuge 5810 R ¥ L HL(3EE Eppendorf 24 F);
ME204 4347 KR 0.1 mg, 35E METTLER TOLEDO
NGB

LHMRMGAIARAESR: UV-P (99.3%). UV-329 (99.5%).
UV-326 (99.7%) . UV320 (99.2%) . UV-234 (99.8%) . UV-328
(99.6%) (&l 74, fE[E Dr. Ehrenstorfer A +l); ZJE. HEE
(i34, %[ Thermo Fisher Scientific 23 7)); ZBRE (i
%%, 32[E Sigma-Aldrich A ]).
1.2 ARERRECH

FRUEREER(S00 pg/mL): S FRECE S MRS R
UV-P, UV-329, UV-326. UV320, UV-234, UV-328 % 10 mg,
HIRSE IR FE A 2 20 mL, {RAIREDEIRAET-20°CUkAIN .

BRUEFP R AR ERR A VB TR R R, ERR IR L
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2 mL FREREAIR, A EEES 2 10 mL, 3713 100 pg/mL
FRUER I, MERRIRER 0.1 mL 100 pg/mL ARdEEE, F
EESE 10 mL, 345 1 pg/mL BIARME R, RS G #E
HARAE T —20°C KA A

TRAFREZRS TAER I WERfIREL 6 Flrge Sh 2R i
1 pg/mL FRUEP MR 100 uL, FPEEAZE 1 mL, 3
3 100 ng/mL {RAARMER, 1R5GRGIRAFT-20°CIKAE
W o PR BB AT g e B, A TR S bR v v TR0 T 18 R g,
ficil 10.00, 5.00, 2.00, 1.00, 0.50, 0.10. 0.05 ng/mL i
BARERS) LA, % AR 50% P REK(1:1, V1)
ER, TEFHEAL

LR VC AR A AR R 5 U S AR &
o B AL BRSO FE A 100 ng/mL HR-SHRAEER, Bk
10.00. 5.00. 2.00. 1.00, 0.50. 0.10. 0.05 ng/mL J&J5i Pt
BUIR AR E RS TARE W, TR,
1.3 HmaraE

SRR it S A b DX AP B L WK o HERRFR
B 0.2 g£0.0010 g #fh, IIAZE] 2 mL Z A5 HIRTERS,
7 HHL 15 min, 10000 r/min .0 5 min, W& B3R TH
BLE T, BRI, SRR B TR
R TGS, EAE 1 mL, WHERS, B T-20°CrkFMe
% 1 h YIERE 1A, 10000 r/min 5.0 5 min, FIFFK4Z 0.22 pm
SR e e RS e T 2 mL FEREH R,  EHLGI 24
1.4 (&% H
1.4.1 &ABE LM

{8354 ACQUITY UPLC BEH C8 iAH k4
(100 mmx2.1 mm, 1.7 pm), #EIAH: A: 5 mmol/L ZFEREFH R
B: W, BREVEBIELF: 0~1.0 min, 10% B; 1.0~6.5 min, 50%

B; 6.5~10.0 min, 100% B; 10.0~13.5 min, 100% B;
13.5~13.6 min, 10% B; 13.6~16.0 min, 10% B. i34 0.3 mL/min.
FER: 40°C, #EFERE: S L.
142 RERFE L4

HA, I6% 2% 2% - JH (electrospray ionization, ESI)IE &1
=, #5540 Arb, B 20 Arb, RIS 20 Arb, WS
HLE: 3.5 kv, BAIEIRE 350°C, MEEZRIEE: 400°C,

B R (Full Scan), FAHTEE 200~380 m/z. 5
WRAEF IR 1,
1.5 HIEAE

R TR ROOR €0 T - DU AR - e 3 L3 1 B o8 0 T
TSR AR A BEE 1 Xealibur BR /458 B TRALRE | 2E RihnvfE
MZk; f#i ] Origin 2023 X LI EH AT ¢ Kz 58, P<0.05
KHEFBE, P<0.01 HETWBE,

2 HREDR

2.1 REhEIRE

TN R EEE T HARI MR N | WY L R 0
BfE . AR ELR T AR FEE-K . FEE-5 mmol/L
TR LN B R TR i Ak B S A i )i €2 33 0 0 61 11 52
W, Z5REB, A ZBRERR A, GikieigRifs T
— B, 55N B INARE, R H bR e R 2948
T2 % X URBURR R, B 5T BUAREE H AR AR
55, BEETFFAE B AT 5 L AT B ) CRARR B [RD0) £ B e I
FEAESER, BEIRBE RS 1.4.1 Wh TR, SUREE. K
AT ST 36 ] R -5 mmol/L Z a4k M ahAf

B 18 6 M~ BAMEEYIRY 100 ng/mL bRk 7 15 € i
SRR TR EREE
22 BIRLERMAL

Xof F WA A, R Al KV TR S B T
HR2628 B e H S0 b & PR, 20 Al K VA A AR i R
IFAE K, P RE S 20 H R AR a0, sem B U, )
A FE BTl Al A HLIE TR 2N T [ 25 0k AR B
BOR . BRI N 0.2 g FREUEFIARUA 1 mL B, ##
A TCIE TR, SWRE . SRR RIS PR, R
WAL 2.21%~57.80% SR BUA 4 2 mL 3 mL i+, #f
MR BE . B AL TS R WA e BN g, [A] ik K 4 A
50.39%~93.96%F1 30.77%~90.03%JLFHE N . 1M 3 mL HEHGA
FIARBAIR AR, RGN, FEHHE, UV-328 ik
P EMRT 2 mL LI (P<0.05)(& 2). FFLAARBIIE EEERR
0.2 g W5k . MAZ] 2 mL $EHUAE I RN RTAE ik

F1 6 MERFZMIEESNRYGIBRERE,. §BEFRER

Table 1 Retention times and parent ions of 6 kinds of benzotriazole UV absorbers

&Y B4 Bt 8] /min B8 7 BRI RS 6 5 707 EE (m/2) B 7 I SRR 8 B 707 B (m/2) R (x107°)
UV-P 5.26 226.09804 226.09773 -1.37
UV-329 8.88 324.20759 32420734 —0.77
UV-326 9.03 316.12166 316.12152 —0.44
UV-320 9.61 324.20759 32420728 —0.96
UV-234 9.92 44823888 448.23877 -0.25
UV-328 10.36 352.23888 352.23883 —0.14
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LSEHOT ¢ 2 226.09804
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9.0E+06 |

i 17 A
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3.0E+06 |

0 L

48 50 52 54 56 58 6.0 62 64 6.6 6.8

A B s [A] /min

5.0E+05 1 /2 316.12152

9.03

4.0E+05

3.0E+05

M o7 A

2.0E+05

1.0E+05

0

8.5

{5 A ] Amin
E 208407 12 44823877 9.92
1.6E+07 |

1.2E+07 t

i S A

8.0E+06 |

4.0E+06 |

87 89 91 93 95 98 10.0

9.9 10.1 10.3

PB4 B[] /min

9.7

B

M 3 A

Wi R

&S]

LRI

SOE+07 /232420734 g g3

4.0E+07

3.0E+07

T

2.0E+07

1.0E+07 }

0 1 1 1 h 1 1 1
80 82 84 86 88 9.0 92 94 9.6 9.8 10.0

{4 £5 Fis} 8] /min

5.0E+07 [ m/z324.20728 g 6|
4.0E+07 |
3.0E+07 |

2.0E+07 f

1.0E+07 |

92 94 96 9.8 100 102 104
£ B 5} ] /min

9.0

4.5E+07

m/z 352.23883 10.36

3.6E+07 |

2.7E+07

1.8E+07

9.0E+06

10.2 10.4 10.8

LR B I} E]/min

9.8 10.0 10.6

: A: UV-P; B: UV-329; C: UV-326; D: UV-320; E: UV-234; F: UV-328,

1
Fig.1
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=z

HERMN
Fe AUV (matrix effect, ME, %) 245 S8 1 FE v,
F T R 2 43 Xof E BRIV B BRI T B S e, PEA
FHRIUAAR ME B4 R it mT LA {434 s hn ] 521290 Af
30 o 7 T T o o 2 R0 3L ST bR o 26X ME E1 TR,
ME=3E [T v Hh 28 A5E 3 /05 70 b o T 2R ARH R < 100%, 38 5 24
ME>100% i, Ak 3% i % H b5 9 B A FE o 84 38 300 ;
ME=100%"H+, TANTCEEURUN; 2 ME<100%AT, AN 5

6 PG — LA LRI ISR] 3 151 (100 ng/mL)
Chromatograms of 6 kinds of benzotriazole UV absorbers (100 ng/mL)

T BARY R LN, I H ME SRR 100%, 5t
JRAS 5 2031,

SRR, Wk 6 FIoRIE =k 58 SRR I IR R
HORTRI A FE RN, Bk UV-P R SE s sm s b, Ay s #h
YRR B FAMEION . UV-234, UV-320 BY3EFRA0N i
W, AN 49.48%., 61.70%; HkE UV-326, UV-329,
UV-P, 435/ 73.73% . 79.85% . 122.13%; UV-328 [{HL/5
BN I ES, A 93.03%. B, ASBIFSTHE ST 3L 5 DC ECAR v fh
RIATE R, DARE AT U500 1 70 .
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"]l mL
®%
100.00 f — =2mL
xx m3mL
80.00 | B =,
£ 60.00 | X
A
=
= 40.00 |
20.00 |
0

UV-P UV-329 UV-326 UV-320 UV-234 UV-328

ORI — I ZE AR I

T *FRIR 22 57 3 (P<0.05), ** 3R 22 54 8. 35 (P<0.01)
2 AT AR BGAET 6 FhAc I = b3 /M i)
SR ISR AR ] (n=3)
Fig.2 Effects of different volumes of extraction solvents on the extraction
recoveries of 6 kinds of benzotriazole UV absorbers (n=3)

24 FEFWIE
241 S b AR F R

1.2 TR TR, 4B 0.05. 0.10. 0.50, 1.00,
2.00, 5.00. 10.00 ng/mL FJHEFVCEARAEGTR, A
e If e 2tk #2, 6 B BFRTE 0.05~10.00 ng/mL [
FINZME R BT, HERBERD N 0.9977~0.9997, HiA
WFFE T IZbr ek, RAIMRIEIE T2 BT .

XFAEEARAR SN EAY, &R it of
detection, LOD)}yZs (AW Y 3 fbniiimzs, & &

FR(limit of quantitation, LOQ)} 10 f5#rifElR2; X T25H
R B B ARY), LOD A 3 fE{E e X I 0 4 R R i,
LOQ g 10 fi5{5 M He Xk Py B i, 255 L3k 2.

P ZE R S CARIER 3 FhEEZL AP OR I =M S S 2k
WA 551 ARG 3 %ok b & B 3), 59k 1 Hh, LEE 251t A
S EIE- A 2R Y BT, UV-P, UV-326, UV-320,
UV-328 () LOQ 44 2 ng/g, UV-329 # LOQ 4 5 ng/g; i
AJk, JLRMIBR) LOQ 433124 2.02 ng/g. 3.23 ng/g.
0.04 ng/g. 0.59 ng/g 1 0.06 ng/g. J7¥% 2 & MOLINS-
DELGADO Z:PH| ] HPLC-MS/MS X1}, 77 48 A 1 i
FIFEATREI, Hirp UV-P B9 LOQ 4 13.1 ng/g, UV-329 (¥
LOQ & 3.3 ng/g, UV-320 ) LOQ & 2.4 ng/g, Y& TA K
% LOQ. LIU M 71k 3, f#iF GC-MS/MS 4l £f
LA 4 FORIE = PRI IGR), o UV-329 1) LOQ
9 0.07 ng/g; AT N 0.06 ng/g, %5 b, ARBFFEFF#EST
F AR B AAIE N T — 2K F W UV-234, T [A] B A
M6 FhARIF =SNG, HAR S T 490 i
R IR
242 FikRWEAE TR

B 25 3 TR 4 0 4 B 2 ng/g . 5 ng/g BEANIR
BEIKSF- AR UEA INAE i, BAIKSE 3 AFATRE R,
T BN (R0 05 [0 A 2R 5 6 X5 A M i 22 (relative standard
deviations, RSDs), %55k BIHERE SRS . 45 R B,
6 i B bR 4 0 485 BICRAE 50.39%~109.00% 2 7], H.
RSDs ¥/ T 20.00%(3 4), FRHZ T IEEA RITFHHERS
ShiEcl

R2 6 MR ZMABINMEMUGIRI RS TR BXRY. BRHRMEZR(N=3)
Table 2 Linear equations, correlation coefficients, limits of detection and limits of quantitation of 6 kinds of benzotriazole
UV absorbers (n=3)

Ew Ltk e HHIK R AL LOD/(ng/g) LOQ/(ng/g)

UV-pP Y=20309.4X+5203.36 0.9991 0.61 2.02
UV-329 Y=26097.8X-729.344 0.9990 0.02 0.06
UV-326 Y=10381.1X+1491.85 0.9977 0.97 3.23
UV-320 Y=103536X+2794.82 0.9994 0.01 0.04
UV-234 Y=487514X-9846.19 0.9997 0.50 1.66
UV-328 Y=81271.3X-6171.42 0.9993 0.18 0.59

R3 AFEEER(ng/e)S5EHARN T EE SR (ng/g)BIFTEEER (n=3)
Table 3 Comparison of the LOQ (ng/g) of this method with that of other detection methods (ng/g) (N=3)
(atgy A58 UPLC-Q-Orbitrap HRMS Jrik 1PIGe/MS Jri: 22 HPLC-MS/MS Jrig 319GC-MS/MS
UV-P 2.02 2 13.1 0.3

UV-329 0.06 5 3.3 0.07

UV-326 3.23 2 - 1.5

UV-320 0.04 2 2.4 -

UV-234 1.66 - -

UV-328 0.59 2 - 0.04

T R R IIZ B
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F 4 6 PR FH =SB IR IR B9 B R FAE X AR IR ZE (n=3)
Table 4 Recoveries and RSDs of 6 kinds of benzotriazole UV absorbers (n=3)

2 ng/g 5 ngl/g
s
/% RSDs/% /% RSDs/%
UV-P 93.96 2.88 109.00 8.20
UV-329 73.68 15.02 63.73 5.81
UV-326 50.39 4.61 89.39 10.15
UV-320 59.95 17.99 58.87 4.83
UV-234 61.99 9.84 65.23 16.38
UV-328 54.63 12.10 58.37 12.88
4 R Reviewed Chemicals, UV-328. Risk management evaluation for UV-328
3 & it

ABIEFE LA Wy JLIC 7 WA S X 5, e P s 20 B R

) UHPLC Vanquish Flex tandem OrbitrapID-X {X#%, 57
T RIEHE 6 Ao If — e SR AR IGRI A 3 b e 1
FRAEBAE DR Ay B ) S O Il O AT L P,
HHURRI B AR AL, RS, MBI EN, 2%
21 JLIC 7 5453 v 4 5 = W28 58 AN W 4 R M BT

Pt T AR EOR B, X TR A LR A L A A R
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