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& E E SRR A B ST TR rh SN BEER Y o SR AR R, I e e AR -
DU B AT ER L B B = A B R AR ( HPLC-Q-Orbitrap-HRMS) HZAR 2R AT MY, S50 R P TE 1R
B R D5 oA P BR R T AT AR PRS0, S —JOR W IR EE . C18 AN AR B ¥k, FT 58 0k
XTﬁfVJ(JEF{Hiﬁa*ﬂjﬁﬁ%kW@%ﬁﬁﬁaE’J?EHX*D{%%I{’E T GCR W RS, AP BRI, kA
ERFAL, BRI TR R, AT 58 ot S BEX AR 3 B S iqf, il AR — . RO,
B] S B X WA rh G P B A Tl R A, AR R 0.02 mgkg !, SEREFRM 0.05 mg-kg!, [AICR>
80.6%, PRIEMZEMNT 10%, Z 5 kXt mE . & e T A8 5 TR AG B 38 .

KW EUNENR, mETEA, TR/ R S U B R 4 PR (Q-Orbitrap HRMS).

Rapid determination of chloropropanol ester in milk powder by liquid
chromatography-high-resolution mass spectrometry

ZHOU Jie"? SUN Ji*? YU Xiaoling'”? YU Zifeng'? LI Shuang'**
(1. Ningbo Zhongsheng Product Testing Company, Ningbo , 315040, China; 2. Ningbo Customs
Technology Center, Ningbo , 315040, China)

Abstract A system of sequential extraction and purification coupled with UHPLC-Q-Orbitrap-
HRMS detection applied to the analysis of chloropropanol ester with very different physicochemical
properties in milk powder was established. The experiment added internal labeling to the extracted
fat. In the first-stage of extraction, the glycidyl esters and partial chloropropanol monoesters were
extracted with methanol and purified effectively by C18, in the second-stage of extraction, the
chloropropanol diester were mainly extracted with methanol-dichloromethane and purified
effectively by Alumina-N. The detection limit was 0.02 mg-kg™', quantification limit was 0.05 mg-kg™,
the recoveries more than 80.6%, the standard deviation is less than 10%. The method has strong
applicability for high protein, high fat milk powder matrix.

Keywords chloropropanol ester, high-throughput screening, quadrupole electrostatic field orbital
trap high resolution mass (Q-Orbitrap HRMS).
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1 32I63ER4)r (Experimental section)
L1 A i)

Q-Exactive VUM FT- i 37 L8 B 55 43 FF T 1% A (BE 8R "K /R Bl ThermoFisher Scientific 23 ), fd &4 H-ESI I
5. WA 535 R 450 UltiMate3000 = HIROAH (5407 [ 2 AL 2. 185 (DIKMA, PTFE 0.22 pm), C18 [& AHZE Bkt (35 =
WATERS 22, 150 mg/6 cc).

SN B iR #r M i I F 42K Toronto Research Chemicals 23 7] Fl H 4% Tsukishima Foods Industry 23 &, 4 J&>95%.
B i @ e i i, W (4 0.02 mmol L™ ZBRSH) E %S, FLil il 1.0 mg-mL™" MUARVERE SV, —20°C BEGIRAE.
LR (2, 25 [ Sigma-Aldrich A W] ), Il . Z 50 B F 2 45 HA R0 35 ok 68338 28, SR I T 75 [ Merck 23 A,
SEEG K 9 Milli-Q #8467k (18.2 QM-cm).

1.2 b PR AR

Wk B R T T B2 LIS Wk . SRR FLE L Rk EE A AR I U0k, B B SR ALy, BRI, IREEK %
TE 745, b R o R AN DL AR 72N ) 2% GB 5009.6-2016 A4 AR BRI BN & ) 75 1k, TESRERHE B9 AR B AR A
R, FEHEAT R AL HE.

B A BE BEACAR IR s (1) S HA AR W5 b, A 10 mL W BEVA W25 5 min, j#75 $2 3K 20 min, LA 12000 rmin™' &
HELL, BEENLE R RE; () EEAEVAHZ C18 Hugih, F B, 12 mL # 80% 19 — & F - B (V2 V) VB M ok
MR AR AT PR, 1 BT 2 SRR e 4 I T, MERRIN A 2.0 mL H BEVE TR (3) BIATER N A 80% A — G e - FP VA TR
(V:V) A7 AR B, 721 5 min, #8752 20 min, DL 12000 r-min ' &3 B O, B2 EHLE K5k #E; (4) B EZE P,
RIRAAG LT, HERAAINA 2.0 mL H SR, A 0.5 g Hr P UL R R 724372 1, LA 12000 rmin™ @& 8.0, 152 15|
FULiE; (5) &I (2) F(4) B3, iF 0.22 pm JERE, 4007, A SE80 3428 3 P47 AL B, 5256 509 Sk F 7 #4) {5 +SD
FR.

1.3 (g5 K ik s

W AH 4. Syncronis C18(2.1 mm %150 mm, 1.7 pm) K & EAH, W shAH A: FEE-IK (9:1, V-V, & 0.02 mmol-L™' Z 1%

B, PEHAH B: SN EE-HEE(1:1, V2V, £ 0.02 mmol- L ZER4H), i 0.3 mL-min!, #EFERE 5.0 pL. BEE UL 1.
F 1 7E BSIREEUT AR A 5 B
Table 1 HPLC elution procedure in ESI" ion modes

A1)/ min 0 5 10 15 20 20.1 25
TBNHFHA /% 100 100 50 0 0 100 100
WEhAB/ % 0 0 50 100 100 0 0

JRE S TR 8 PR, B YR m/z 100—1000, 43953 70000(m/z 200), HLIE{H 3500 V, B TEMAETIREE N 320 C,
BN, 35 L-h !, BB (N,) 15 Loh ™, AL S 3 380 °C, I N 2L Hi IR (In-source CID) 4 40 eV. — 2% 1 A 3 &
150 (dd-MS?), 43 B4 35000 FWHM (m/z 200), [ 3l 545 (AGC) BARE 5.0 &°, AHXT Al 43 BE 5 Y5 FEl 10%—40%.

1.4 EME. BRI

TEMESYHT: )T v 3 R 0% A 50 Exactfinder™ ( Thermo Scientific) X 48 P4 BB 4T 8 P 4B, B R4S 0 T iR 24 (1%
T 5% 107, [A)F L St B8 it a] . [ 7 B840 A . T2 T e A R0 T TR R AR R, 255 T, R £ 1 B 4 R

SERHT: BO 7 PSR A IR B v A DT S AR EVA TR (1.0 pg-mL ™), B YR B TR W, Fok G I 10 . 20 |
50, 100, 200 ng-mL™". £l krufE TAEIZE, /5 B Ard & & k.

2 ZRE5iHE (Results and discussion)
2.1 BN -TE B EiL

S s T AR TG o 30 %, 50 %. 80 % F1 100 % Iy F iR 7 Fht 26 1k S0 P9 s b [al )i 22 4% B3k
B, Db P %) 4 K H I T (i 7K H - b T T R0 4 K i -RE IS AT ) R rr 28540 14 2 7R Tt B T ( 352 79 ot -2l i 7% B i
1 3-G TN -1 R R PR ) E B A TE P AR O R, 32 S b ER LR O K, R A A W Il i R A e M R A
70% LA L. SR, APAR 1 52 A Tt XU (3-8 7N Ti- 1,2 A MR R i . 2- 5 VAT I - 1, 3- 6 JI6 19 T AR 3 19 It - 1 A A R -2
AEWR 1) A4 [m SR 37 — U BT o ELAE R 2 AR K, 24 U e o EL R 30 % T 50 % B, BB 22, IRy
INTF 50%; 24 S B A7 LR 80 %A 100 % B, SR EBUCRZ Wk TR, [EICREUE YA E] 70% LA L. 25 BB EI I i JL 5
R I R A T 2 B IR, B A R AR OB R S T o EUAE R 80 %.
2.2 b kA

SEYG HR AR C18 M bR AR VL . VRME S5 (R EAT T 1Rk, 7 FPAR M SN BE R 2510 & W TR A PR EVR TR 10 pL
(1.0mgmL™"), FHEEELARE 10 mL, F:AR C18 AL A: (1 F AT R AT H B . /K AT 36 Ak, L A5 45 5 min, 435112k A
0%, 0%, 20%. 30%. 50%. 80% 1 100% [ — 5 F bt -F B (Vo 0) B WA T Ve, WO BB Ve i, S vk 4 I, B 4
% 2.0 mL, 2 PTFE JEIE U85, LC-MS M. 45 B2, 0% B ZE W be-H B (V- 0) Vel i v, RAGI S B 164 45
10%. 20%. 30% B9 58 F - FH B2 (72 1) S JBE Y0 R, 44 7K b i 7 7R S P T2 0 TG 5 0 7 e G, 3 0 7K e 124 S VR e L T
ARABVEML; 80% FI1 100% 1) — 4 B - HF I (V2 V) Pk i i ] SE 30 43 H AL & 9 09 58 2 UERR, ST BEFRARIM AR 21L&
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YT 050 B R, B 80% 114 — 48 TP - TP s (- ) SRy e I Ak
2.3 Jinbw BN R

R L R4k 15 30 9 B A o A R 3R, o 05 00 v G PR I i 2 1 7 22 e A B8 BRIV AR (20335 - B i 6 FH B R 4 A7
SR BN, ZONBEERFE 10—200 ng-mL ™ LR PETE N, HA M 56 R RIF (2 >0.999), & HBR 4 0.02 mg-kg™, & RN
0.05 mg-kg ', AFRECHRTE 80.6%—94.2%, Prififh 22 IR T 10%, 25 k%t v 28 1 & B U 9 94 6 o EL A i 1Y)
&I (K 2).

F2 7 PCSRIE SN BEBRTE 22 2 LIC T3 Wk FIVRR R B2 2 FH I C 7 W3 vh B S K - | 2 L B HG i ¢
Table 2 Experimental data on the spiked levels, linear range and recovery of 7 representative chlorpropanols esters in infant
formula and special medical use formula

L4 LB TT Tk R B2 R G T 9k

GES EY JidRK/( mgkg ™) — — FHRFREL
RIS %  bRfER2E/%  CR%  FRiER2E/%
0.05 84.1 6.1 88.6 6.8
Glycidol-P 0.1 86.9 7.7 91.2 5.5 0.999
TR 0.2 88.7 5.6 93.4 3.9
Glycidol esters 0.05 86.1 5.5 86.2 6.6
Glycidol-S 0.1 84.9 6.7 88.8 6.2 0.999
0.2 90.3 7.2 90.5 4.8
0.05 83.9 5.5 91.3 7.1
2-S-3-MCPD 0.1 86.4 4.4 89.6 6.6 0.999
LT 0.2 89.9 3.9 92.7 6.7
Chloropropanol monoesters 0.05 90.6 7.8 89.3 6.9
1-P-3-MCPD 0.1 91.8 5.5 93.5 5.0 0.999
0.2 94.2 5.0 94.2 4.4
0.05 88.7 7.1 82.6 5.1
1,2-diP-3-MCPD 0.1 89.1 6.3 88.6 6.4 0.999
0.2 88.4 43 88.0 4.7
0.05 83.7 5.5 82.7 6.3
Chloriffiﬁaism 1,3-diS-2-MCPD 0.1 85.4 6.1 86.9 6.6 0.999
0.2 89.9 3.9 88.4 5.4
0.05 81.6 6.2 80.6 5.9
1-P-2-S -3-MCPD 0.1 85.4 46 84.7 5.1 0.999
0.2 84.9 3.8 86.0 43

P: FifE iR palmitate, S:iff5HA stearate, MCPD: S A% chloropropanediol.

3 4% (Conclusion)

ASCHREG 3 RISA NI 21 A W R PR VS B, L3 4 /K H vl s, P9 58 BR T8 A Sl TR B LR , A K 4 Ay 2k T e
m R A SRR ERRAE, S T WA T SN BERE AL S W AR B T vE . e, W EER A e/
P2 (8:2, V: V) NE MR G, PR A S B B TS T, S8 0 3 KA N IR 1L &9 R BUR oK . 38— JeR A
F B PR $R . C18 /VEE Ak, T ST 445 7K H i TG RIS P9 B BRI B A RCER R 0 5 2 R F IR i, — 4 b
WHBhIR I, TP AR R A, 22 BRI ARG 04 IR A, T S B G P I LR Y R O B R, A AR — . R I
&, RIT S ELA Ry v TN B R S A B W 1 v e R AR T R AN [ A 3 o SAS [R BE Ab E TT  AB  HES ER, hy
F= & Wk v R B R A S R R PR 5T ) L by v S TR B 1) B 24 B9 E T S B LA
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