#5154 565 19 ) Jo T i Rl 1 Vol. 15 No. 19
2024 410 H Journal of Food Safety and Quality Oct. , 2024

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20240713004
WS SRy B R SR - o PR S i
M W iR R 5 i

B EYal KT, kEE T
(1 AR R A I A2 B, Y7 2610535 2. B R 2 A X PEAG G, dbat 100021)

i E: B8 @SS B EOR S G S SR 3 - = 4> PE TS L (ultra performance liquid
chromatography-high resolution mass spectrometry, UPLC-HRMS){l & 4~ W HH i i sh S i i i k. Bk #
i il 45 SR S ARG R, ABE N AR B 57 428 Poroshell 120 (50 mm=2.1 mm, 1.9 pm) & i5FE4 B,
DL BE-1% O FRAK WS W TR s A MEA TR0 B R 0E o SR T LS 557 471 8 A5 2 5 B — 8 1~ W I (targeted  single ion
monitoring, tSIM){AR, 455 RN R NREHITER. &R 75 0.1~20.0 pg/L MTEHEIN, mERREM:C
F R IF(°=0.9988), J5 4 1B (limits of detection, LODs)HIAE £t FR(limits of quantification, LOQs)ZM514 0.1 pg/L
F10.3 pg/L; 3 MIARAKFET, IR 88.7%~116.8%, HIMFRAERZE A 2.3%~8.1%. TE 30 432 WokE i HOASI 4
Frep, S IRER IR IR 100%, S5 Jr BARERIAE, XAEaI P RCR R, BRAMRRAS . MR BRI
S T AR R ER A

KR mARREL, WA A B R RO - BT I R0

Determination of perchliorate content in milk by sugar-induced phase
separation and ultra performance liquid chromatography-high
resolution mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of perchlorate content in milk using
sugar-induced phase separation and ultra performance liquid chromatography-high resolution mass spectrometry
(UPLC-HRMS). Methods Acetonitrile was used as extraction solvent and xylose was used as phase separation
inducer for sample preparation. The analyte was separated using a Poroshell 120 (50 mmx2.1 mm, 1.9 pum)

chromatographic column and eluted with a gradient using a methanol-1% acetic acid aqueous solution as the mobile
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phase. Quantification was performed by isotope internal standard method under electrospray negative ion mode and

target single ion monitoring (targeted single ion monitoring, tSIM) acquisition mode. Results Perchlorate showed a

good linearity (+’=0.9988) in the range of 0.1-20.0 pg/L. The limits of detection (LODs) and limits of quantification

(LOQs) of methods were 0.1 pg/L and 0.3 pg/L, respectively. Recoveries ranged from 88.7% to 116.8% at the 3

spiked levels, with relative standard deviations ranging from 2.3% to 8.1%. Perchlorate was detected in 100% of the

30 milk samples. Conclusion The method is easy to operate, has a good effect on sample purification, and has the

advantages of low cost and high sensitivity, which is suitable for the detection of perchlorate in milk.

KEY WORDS: perchlorate; sugar-induced phase separation; ultra performance liquid chromatography-high

resolution mass spectrometry; milk
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AR, B TOK, R g ita e
B AR, 2 AR TS R, JF el s 2
Fhigfe e B 2 R0 DRFT R, m SRR S il AR
FRXT A WS, S BB S D, R R R B9 A 2
RE . ARBIFIR R, ™ H I b2 B B A LA 2 25 R B
SN, FECTOREE, AR, ST Rk
ROV, BRCH B A A TR B E B i SR 1 B R
0.01~0.75 mg/kg'. FIRiy, A b 456 it A7 i AR £h
MRS Y A UE A S IR R, B A
B, diAE R RGBT T A R R
Wik A BEFE Y B, A9 BT S B R SR I AR AR R
B LA T RE S BB eh s SRR R i L AL
ai I B ORI, LA B 4 A 5 M@ B B ARG . P,
AR PR RE WERR AR AR 1R
Wy ik o,

AR SR ER LA, R AU R
T 5 Y 25 T £ 3% - B3 B B4 75 (ilon. chromatography-tandem
mass spectrometry, IC-MS/MS) . i AH (1% EB BB 1% (liquid
chromatography-tandem mass spectrometry, LC-MS/MS) ., i##
o R AR 5555 - = 43 BE B0 % (ultra performance  liquid
chromatography-high resolution mass spectrometry, UPLC-
HRMS)FESEATAGIN 7 SR, T3 A A B i b BEAT 55
[ EE R O A 3 M A I B P S U S VB I
PEFE, PR, JFA SRR | i 25 A S B Al 20 3%
JENEE,

W% S 21 - K W08 #E B (sugar-induced liquid-liquid
extraction, SU-LLE)J&LIHE NS SN, 51k MHS
TKARAY B AR PR AR TS, 60 06 B8 5 S A R 43 B A5 v
KB, TR S R R, I AT At ok R R
RE B AERALH ZHERE U, ST e, ARBESE A0
BEJ5T, SU-LLE N HTAL By 123, Sl WP BEFP AR EE | L -
K LS SR T, A RO R R ARy, &
57 UPLC-HRMS 5 4= v iy Sk B i 2 ik, B

TE R A= W v i SR A 04 RS, s e A —Fh e MR A i
FHBRARGI 573 o

1 MR5RZE

11wk (EE5EGH

ARIRE S A b R T

Dionex U3000/Q Exactive #tHLI7HIIE B i o3 P
% (£ [E Thermo Fisher Scientific /A]); 3K15 B.OHL(E E
Sigma /3 Al); WEIR & #% Vortex Genie 2(3%[E Scientific
Industries 23 7]); BSA224S HEF K- (R 0.001 g, 7% [F
Sartorius A Hl); Poroshell 120 Z34(50 mmx2.1 mm, 1.9 pm)
(EEE Agilent A7),

T AR ER PR TR W (C1°0,, MR EE 100 mg/L, 3
[# INORGANIC 23 +]); 5 S B ER M0 2 AR (C1'P0,
T 100 mg/L, fiI& K TRC 2A#]); HEE.ZH5 .21 .
R (0% 4L, 3%[E Thermo Fisher Scientific 2y ). #Zli/K
r 2 [ Millipore 22 A /9 Milli-Q {X 2% 1% .

1.2 FRERRRIECH

PR RA W A AR IR 10 pL FE vkl
100 mg/L 1) 5 S BR Fh b HE VA TR RN & SRR 1 [l 6 2 N bRy
W, FBLAKHRE, BeH R 1 me/L 5945 A i ] E i,
A PR AR R R, T 100 pe/L bR H 1) W,
BB T-30 °CokAf & M .

PRl TAES W o B SRR R bR v vh A T, B
R R AW E R 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0,
20.0 pg/L PR HE TAEEEW, A5A 20 uL (g FAZE A
i v T (100 /L), DA DRS00 AR ff P A T S
1.3 HEEE

WERA T HR S mL AR5 T 15 mL .04, A 1.5 g
AR FLE N PRI TR, IRIEIR SIS, 1A AR 0.3 g/mL
HR AW - KRB UZIR AV 400 uL, A 600 uL &
i, GRS 1 min J5, 15300 r/min #5.0> 10 min, 4855
W B2 NGRS EAERE D, AESGRA I 3T
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{35251 Poroshell 120 43#74(50 mm=2.1 mm, 1.9 pm),
FEIRL 40 °C, A Ji SN HIBE, B WSIHIN 1% BOKIRH,
Ve, A 0.6 mL/mine BHEEUEIFET: 0~0.8 min, 10% A;
0.8~2.2 min, 10%~100% A; 2.2~2.5 min, 100% A {£}FA7E;
2.5~4.0 min, 100%~10% A, #EEEKFRR 5 ul,

JRiEAF: RA HRMS; BizsH )RR 3 kv, BAER
BE 320 °C; INFGREE 450 °C; RARB A M — g i
(targeted single ion monitoring, tSIM)¥IIRZL; 43HER N
70000 FWHM, Z3BSSEE N 5 Da, [ 30 54 1 (automatic
gain control, AGC) N 2x10°, Fe K ARV ARHAIA 100 mst*,
Cl'°Oy I E B T8 mliz 98.9481, EME TR m/iz
100.9451; C1'"80, M E B T4 m/z 106.9678.

1.5 HUBALIE

TFRFESE AT 6 IR, SEBRFE S SEATINE 3 K. 2R
H Microsoft Excel 2010 #4704 &8 i Mo #r, R H
Graphpad 9.5 BT B 221l

2 HREHR

21 UEEHHMK

X PR FGE AR YA G, A 18 0 B A X N 2%
I B BRI 2 o2 o SCHk[20-21]55 9,
AR H T H AR, 7 Cs B EMELIPEEE . Poroshell
120 43 Hrdsst e SRR AT BT (4 43 BRI B3 PERE, LI
FERCRRK IR E, &A1E & RRE R 0 @i, &
HRMS 1, SIM R AR L T v SR Bk 06 B 25 T (/2
98.948 1) HL— L ] Wl 43 2 T B 0 F 8 B A 4 AR =X
WA, WA TR A IIERE . 5 St
L, tSIM BRI E T, M mEEL, HiE A TR
SR F AR 4G A B

UEAh, TRBIAHIR R EEEE T HAR Y Ry . R

A g0,

1

]

1.0 +

L

0.5+

AW RERE AR AU AW
ENEIG S el

Je R U1 P2 b b R R R A S B TR S A
B KNG - KPR R . 5 CIEM E, B EAE D shH
Xt CI'°O, I CIO, H AT BT 1943 16 1 R i 149 g o {2,
A REBRIE P TP m Y, TR AR A
W, DAES 2850 0T X0 i A7 7, 38 3 76 R B 23 7E 26
KA MR IA—E R 1R, M m AR T AR,
HETHE S AR TR AR R AT R, DAL B e 7R R £ B 4
TR0 S LA T I E-0.2% L BRK . FE-0.5% BRIK
FH EE-1% O K FHRBUECR, 5 R BoR, HiE KK
EREE, SERENIEEECERE, B 1% AKX
0.5%Z BRK BA T X FRAIETE . Bk, 678 A sl
I, B MBI 1% BR/K, BRI I<1.47,
2.2 HRECEAEARNRESHK

RIALBRTRSE g, B bR & AR EE T 60% 2 NE-HE
KW, WIRIRAIRE 1 min J5i5SAIANES, R4 &
MEmABIE KA EET LIZCNEM . G FZmTisS
FIFRZE . WL LA ZEUE T 3 bt i, %
AR IR
22,1 AT TR AR R 0GR

BT SR ORI 28 P T 2 S FE S OKIE R RE S &
B, LIRMAER EEZERBER. B A
VRN EARE, QAT . SR RWE BT, doerl .
A RIS T 5 PR, H AR o B
o B 1 2SR EIR, MR, AR SR Bk
T 100%, FZEBEABEE TS S5 .
222 WMEFAREG R

TR 500 00 R ot 2 S i A 4 B R (TR R L
VIS S, HECE BRI, B2 OGP E4E
BOCRMGR, BWRROAE OHE . BETOK, R EA P P
FHROLIE LT R, My e R Z M AR e E T 1%
J7 B BB ZE U . ARG XS IR S0
W BEDEAT T Ak, DAMEAE 2 A0 b R e AR L

B 140

120 + %

100 el

2 3] TS %

AHE R WM U AW
ENEEES sl

B SRR S50 0 B SR R B (AL X IR (B) (n=3)

Fig.1 Enrichment factor (A) and absolute recoveries (B) of different types of sugar inducers (n=3)
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B 2 2R BoR, AWEREHEERE 0.18 g¢/mL B, ATLIES: 60%
G- K IR AT o YA TR 0.30 g/mL 1,
AP ek, HAEESKE 035 gmL) F, 5
0.30 g/mL B Y ZEBUSCRICH B 229, R T IR 225 A
TR, I kPR  0.30 g/mL (AR KEVE
WEBT I 254

NS
25 ¢ I_l
-
20 F -t
T
= 1.5 —
o
&
®/ 10 b
05 F
0
S Q \o} Q )
Q Q?' er' Q’b Qﬁ)
A & R/ (g/mL)

VE: NSFRTIH T S5
P2 IR AR T 0P
Fig.2 Enrichment factor of xylose at different mass concentrations
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40%  50%  60%  70%
Zhg-KiRaE Pl

RN B AR RO o SR AR I SR BCSCR UEA TP . 55
N, TEMENIA SRR R ARG T, ME GRS
(400, 500, 600, 700, 800 uL), #W4r2JE FIEA PR
PRFRRE 2 34150 . 450, 580, 760, 900 uL). K 3 fir/R, 4
CNE H B TR, SR A AR A A B AR A R B,
2t Xof [ WS 3 I U EEAG A 58 e TS o 2 LU 181K 40% 8,
BB SRR, BAx mRRTE 4 MR P EERAL,
M ZNEUSE R 60%HT 7R H BT ) B AR R BRI A R i 4 X
MR, ZRRHRIR, REEILLGIR 60%H) 2 ME-/KIRA
WIS 2B -
23 FEFER
231 RA#EE

DA 790 A 25 0 40 14 235 F1 A 10 35 o 4 BUT 4 1)
o5 AR v 2, 3 ) B TR A b o fiT R 0 RER L PR 3
SRR (matrix effect, ME)RFZ . ME #3%3iT 100%, #
Bl ME /). ME>100% 7 2k 5T 34 3% ; ME<100% 3 7% 3
AL AR ME A 95.3%, 7 Al 2 2% U Bl N
(80%~120%)C" 34,
232 ZKEEH., KBRS EER

B B B 0.1~20.0 pg/L AOARIE TAEER, 1
T2 pg/L WAL AR, DAy SUERER (1) B8 (X, pe/L)
Rt ARAR, AR ER 5 LR PR A G AR L EL(Y) Ak
bR, hlbrrERLE . S5 FEMAE 0.1~20.0 ug/L OH EiRLh
FEREMHANABARIFMEEXRR, EEFHEN
¥=0.47692X+0.00093179, HI5&ZREL K 0.9988, AMf55 %
FHPRAEMZE T B BEAE AR B, 2 USRS 3 %
10 55 B AR B v B2 Sy A 4 v s SRR R A 1 R (limits of
detection, LODs)Fl 7€ 1 FR (limits of quantification, LOQs),
gE R R, ARHFFEM LODs #l LOQs 43514 0.1 pg/L A
0.3 pg/L, T & SEBRAG I 2R

B
120 1
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i
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#a 3%t B/ %
iR
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Fig.3 Enrichment factor (A) and absolute recoveries (B) of acetonitrile and water mixtures in different ratios
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233 EHERKEE
PAZS AR A o s BRI T AR, ERE 0.3
1.0, 10.0 pg/L 3 Bk B A InbrK -, #M 1.3 hayJy
IRXTRE S AT AL, IR REA EEOPATEME 6 IR, %
LA Ty vk 1) B CR 5 AH X AR Ui f 25 (relative  standard
deviations, RSDs). 3 AMMFRZK - H g SR 5 1) [T %
88.7%~116.8%, RSDs N 2.3%~8.1%. Z5RAIHI, %A
R PERRE SR %R, v HFIE 40 i s e
T,
2.4  SKPRHEMENE

Yo A6 BT R AR T BESLIMEE 1 30 03 4= WAk S A T4 Hr
BRI AT T 3 WA, Horp, SRR K R
9 100%, JRIEHR T 0.26~9.27 pg/L. S2I04E R E 0
1R FIRERAE AW P BV B AT AIR, 5 SR B RE

RVEAY 30 0 ARG RE S I IR IR, X0y A A
i AR IO A 7 R SR ER R0 2 AR CLPOy RO ZEAE I As
(2 ng/L), AW R FA RSDs 7 10.2%, 2 A& 241
W i () BB BT 25 5, R T 232 3 T P9 (80%~120%) o 1y
PEM 30 O3 4= WA S O VERR EERURE B R, 39501TR A 30 Ik
WHRE SRR A | ARG R YRR S, X IR T R
FE, SEATIGE 6 1. SR BaNIIRA 4 U b m E R &
M 4.23 ug/L, RSDs N 5.6%. 543 B 2 30 fy2- 1%
FE A AR R A0S 2 (. (3.98 pg/L) A HE, MR 2 AE
10%LA N, FBAAIFSE 7 3% 30 13 S B = 47 ot v e SRR
R AGHIN B A P o e Ok  E

3 &

AWFFEEET SU-LLE $R %54 UPLC-HRMS, #5371
— RS 2R 0 v v SRR ER AR B VA o ARSI v A
L, ZO7 IR AE, LGS, JOT 6 AR AL BOg A
R, E BRI R (0 )2 Z A, AR B R
J X R SR ER S o IR IR, AR S SRR R
UF, EARAMEEGE, IR IR, i B AR % A A
PR, BAIRRAS . RO, &R
Ay e e SRR ER A A 3T
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