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Abstract : To provide technical reference for monitoring the levels of chloropropanol esters( MCPDE) and

glycidyl esters( GEs) in vegetable oils, a gas chromatography — mass spectrometry ( GC — MS) method for

simultaneous determination of 2 — MCPDE, 3 -
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MCPDE and GEs in vegetable oils was established
through optimization of sample pretreatment
conditions. The method was applied to analyze
50 commercially available vegetable oils, followed
by exposure risk assessment. The results showed

that the established method for samples (0.2 g)
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hydrolyzed with tert — butyl methyl ether — ethyl acetate solution and sodium methoxide — methanol
solution, defatted with n — hexane, purified using a macroporous diatomaceous earth column with 20 mL
ethyl acetate elution, and derivatized with HFBI to GC - MS analysis with internal standard
quantification. The method showed good linearity for 2 — MCPDE and 3 — MCPDE in 5 — 800 ng/mL
range, and total 3 — MCPDE and GEs in 10 =1 600 ng/mL range, with detection limits of 10.0 wg/kg,
quantification limits of 25. 0 wg/kg, determination coefficients more than 0. 998, and high sensitivity.
The method demonstrated good precision with RSD less than 8% across seven replicates. Average
recoveries ranged 81. 40% - 91. 69% at three spiked levels (25, 125 pg/kg and 250 pg/kg). In
commercially available vegetable oils, 2 — MCPDE, 3 — MCPDE and GEs levels were ND (not detected) —
380 wg/kg, ND -59.4 wg/kg and ND —65.3 pg/kg, respectively, with detection rates of 48% , 42%
and 38% . The average MCPDE exposure level for adults ( =18 years) remained significantly below the
tolerable daily intake regulated by European Union (2 pg/(kg - d)), indicating low health risks. In
conclusion, the established method for the simultaneous determination of 2 — MCPDE, 3 — MCPDE and
GEs in vegetable oils exhibits high sensitivity and precision, and the exposure risk of MCPDE and GEs is
low, while their contamination in vegetable oils still warrants attention.

Key words: gas chromatography — mass spectrometry; vegetable oil; 2 — chloropropanol ester; 3 -

chloropropanol ester; glycidyl esters
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Table 1 Retention time, quantitative ions and

qualitative ions of target derivatives
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Table 2 Recovery rate of different

purification columns %
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Fig.1 Influence of eluent type on peak area of
target derivatives
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Fig.2 Influence of eluent dosage on
peak area of target derivatives
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Fig.3 Chromatogram of target derivatives under different derivatives
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13.5 13.6 137 13.8 139 140
i 8] /min
a) 2-MCPDFi A= 4y
a) 2-MCPD derivative

13.34

A BE /%
=

13.1 13.2 133 134 13.5 13.6
fit [E]/min
¢) 3-MCPDfif AW
¢) 3-MCPD derivative

W 2~ MCPD A72E9 F b, HFBI 76351 % £ F
¢ MCPD ot f6 5 1 38 6 06 B s, 2 MR S 1
ST K B P R XY 5T R R 3
OB D™, (SO0 0 8, WP 78
FEIE. LR HFBL 7L IR 2500
2.2 FEFEM
22,1 HRAEIEI

IR 79 B H O BT o 5 )
4.

13.54

AR %
3

13.3 13.4 13.5 13.6 13.7 13.8
[ [8]/min
b) D—2-MCPDfii £ 4y
b) D,—2-MCPD derivative

13.14

AT %
W
=)

12.9 13.0 13.1 13.2 13.3 134
it [E]/min
d) D,-3-MCPD#i =¥
d) D,-3-MCPD derivative

4 BERYITENRENRTEYRIRERIER

Fig.4 Standard chromatogram of target derivatives and their internal standard derivatives
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Table 3 Linear regression equations, determination coefficients, detection limits, quantification

limits, and linear ranges for three target derivatives

HispfirAm ] 5 77 LMV (ng/mL) KR/ (peke) MR/ (pekg)
A 412 - MCPDE fii/k4)  ¥=0.008 881 86X -0. 198 358 0.998 5 5 ~800 10.0 25.0
A 413 - MCPDE fii/E4)  ¥=0.009 099 59X -0. 175 562 0.999 0 5~800 10.0 25.0
B 413 - MCPDE fii/E4)  Y=0.074 464 3X - 0. 144 972 0.999 0 10 ~1 600 10.0 25.0
2.2.3 K% gxs
1% FURLYIIRE Gt b A3 BN 25 .50 pg/kg Bl pqppyy WSO WGE(E/ gy Pyl RsD
200 pg/ke 11 FBRAL 290, 42 0 46 1R JEAT HE LA AL LB pewsme
RIAL BRI BT, i RGBS g 4 S W3k 4, 55 20: 3 81:72 8195  0.66
F4 AENRBEEXRER(n=7) 20.64  82.56
Table 4 Precision experimental results of the method(n =7) 114.61  91.69
b WinE,  SREWME/  MRERMERE 3 - MCPDE 125 114.19 91.35 91.47 0.21
(pg/ke) (peg/ke) (RSD)/% 114.21 91.37
25 21.53 +0.34 1.56 220.01  88.00
2 — MCPDE 50 44.32 £0.50 1.12 250  223.36 89.34 88.38 0.95
200 182.35 +1.31 0.72 219.47  87.79
25 20.76 = 1.54 7.41 20.60  82.40
3 - MCPDE 50 43.92 +0.48 1.09 25 2142 8568 85.69  3.85
200 181.53 =1. 64 0.90 22,25 89.00
111.26  89.01
2 21.35£0.50 2.36 GEs 125 111.02 88.82 88.92 0.11
GEs 50 44.92 +0.50 1.11 111,18 88.94
200 181.73 £ 1.44 0.79 219.03 8761
EE%%“ ﬂ%ﬂ,RSD /J\ﬂ: A ,%%%IZ?’J“F&E’E‘@ 250 218.88 87.55 87.26 0.63
216.57  86.63

HIRG % RAT IR B A 205K
2.2.4 finkr Bl

WEPEZS FURE MRS, DL s R A 1.5 £5F0 10
R i b 3 0 0 25 (125 pg/kg 1250 pg/kg I H
WL E Y AR AT T A TRE AL AT AL BEIE 2047, 7
LB IR RIS

RS FAEWIMREIKE(n =3)
Table 5 Method’s spiked recovery rate(n =3)

ImbsME/ MEME/ B/ e RSD/

AW (ke (ueke) % Wo%/% %

20.35 81.40

25 20.78 83.12 82.68 1.36
20.88 83.52
110.12  88.10

2 — MCPDE 125 112.03 89.62 88.60 1.00
110.11 88.09
221.23 88.49

250 220.88 88.35 89.51 2.11
229.21 91.68

H12e 5 Rl 1, 2 7KF b [l i 27 81. 40% ~
91.69% Z [a] ,RSD 7£ 0. 11% ~3.85% Z |6 , 75 ¥
W7 LTI AR BR
2.3 FEIRAFRN TR T FG R 4E

AT S AR €35 — i i [a) i) s
BIEVLAR 50 AR (4% 10 £3) ALY T
A Y)Im 2 - MCPDE .3 - MCPDE \GEs 4 & &, 7
HEAT B ERAKCE AL AR WK 6,

12 6 RIA1:50 /it 2 — MCPDE £ Hi 5
N A8% , YL Oy ND ~ 380 pg/kg, ¥ ¥ {H N
31.43 pg/kg;3 — MCPDE K %0 42% |, & w3
A ND ~59.4 ng/keg, FI{E N 12.77 ng/kg; GEs £
AN 38% , & HEEH Dy ND ~65.3 pg/kg, FH(H
M 13.31 pg/kg, Horpr: SEFFMAY 2 — MCPDE £
BBy iR A Y D d s, g i 60%
73. 64 pg/kg Fl 24. 05 pg/ke; KEH AL AL T A%
FEFFIY 2 — MCPDE 5 3 Z8K 2, #4978 50% , £k
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i 2 - MCPDE #5 th Z Fe fik. K 3 - MCPDE
Kt R dwem, R 60% , -3 5 R 19. 42 pg/kg,
H{E N 16.80 g/ kg SEHFIM A6 A RN ZE AL HF I 1Y)
3 - MCPDE £ 3K 2., ¥4 40% , T oKl 3 -
MCPDE ;i # 55e{%. fE42 3 GEs K R fe i,
N 50% 147N 16,00 we/ ke, (KT SAF I
Byt (17. 55 pe/kg) 5 KOG A8 AL FF il Y GEs
K R IR AIG, N 30% o AR Bk B ML S 11 A 90 il g R
GEs PR 1 mg/kg, BB F K SRR 254
FEa L R 70 A A A vl R0 RO T A i AR R 3 -
MCPD #13 — MCPDE A FIFE &K 1.25 mg/kg' ™' | 4
DRI AE W TR R 3 — MCPDE il GEs ¥k
A RR AR, L, ORI 5 YK AR, (A
TIRE S e, JE O 2 - MCPDE, i 3 W]
FEP I S PR R 2805 Y () U A3 5 A

5 Fl 47 3h H 2 - MCPDE .3 — MCPDE FI GEs
e AR 22 5 X PR S A IR 2 S0, sz
75 R RS R S AR — T
Y HW e RPN RRER AR T
RN . N R T R A S A R
7l 45 o T R AR A5 v, A AT L PN O T T A
T = A B A — R A Y 2 -
MCPDE 3 — MCPDE F1 GEs [# 1 1A 9 it , 2 5 50
JlgH MCPDE F1 GEs 1) £ b b5 10k B B €0 5 72
Hr A R IR (80 °C A 1) (BB 5 51 A GBS
5t B Ao PR FH s K 25 <2808, 39 23 3 - MCPDE
FlGEs & £ JH 27 it %5 /9 ok =k
MCPDE Zr48 f& Jli ST 9 6. 55 1517 o 3k 2 W 7E 1
TERS FRACR I HTHE T, 76K e 2 A v 42 i A9 4 3 v
2 - MCPDE 3 - MCPDE 1 GEs B4 B, L % i [
FARY T, S AR A 3l A 7= v 5 Y 0 B 4 1 3K
R,

FH% 6 AT .5 A4 i -FSEFF Y 2 - MCPDE
VIR ER A, AR 0.031 7 ne/ (kg - d) 2otk
490.037 4 pg/ (kg - d) ; Ky 3 - MCPDE -3
Rim K ds , B R 0.008 4 g/ (kg - ), th
0.009 9 pg/ (kg - d) ; S GEs V-3 5 58 /K -
i, B 0.007 6 pg/ (kg - d) , 2 0.008 9
g/ (kg - d), Hfj, Xt 2 — MCPDE .3 - MCPDE #1
GEs 15 55 K WA Go— MR AIPEM bR . LARK
B4R T 2018 AFH 2 (1) MCPDE /)4 H i 52
A7 (Tolerable daily intake,TDI)2.0 pg/ (kg + d)
S HR,S Yl MCPDE P35 2 g5 K i Ik F
2.0 pg/(kg - d), AT R E 18 & KL I ATE,
F IR e S A&, B HER A 25 ~30 g fHYi,

Hp&AR) 2 - MCPDE .3 — MCPDE #1 GEs X} A {4
L F AT BEEAR /N o (HASBEZEIN S P 1
SPEISEL K, AR R i B R R R R )
SR R e R PR TR A R AR 2 1k P ik
2 — MCPDE .3 - MCPDE #1 GEs {5, FEmi#k i A
Mo BTSSR ASBERCRA XA 2 - MCPDE 3 —
MCPDE HI GEs 1) 5 e XU th 45, 0 2R % AL 7 ik
HRXUBSIOUF) M, i 7 S ot 22 4, R e N R AR
By .
R6 TWEEMMG 2 -MCPDE 3 -MCPDE,
GEs F S BUK RERK KT
Table 6 Contents and exposure risk levels of 2 - MCPDE,
3 —-MCPDE, GEs in commercially available vegetable oils
T e AL Ry vl
(pekg) (pe/ke) (pe/ks) #/% (e (kg - 1))
2-MCPDE ND~91.2 30.33 17.55 50 0.013 1/0.015 4
KEi#H 3-MCPDE ND~53.0 19.42 16.80 60 0.008 4/0.009 9

GEs ND~44.8  9.86 - 30 0.004 3/0.005 0
2-MCPDE ND~380 73.64 24.05 60 0.0317/0.0374
SHl 3-MCPDE ND~38.9 12.28 - 40 0.005 3/0.006 2
GEs ND~65.3 17.55 - 40 0.007 6/0.008 9
2-MCPDE ND~48.2 18.70 13.60 50 0.008 1/0.009 5
fe4ih 3-MCPDE ND~39.0 11.85 - 40 0.005 1/0.006 0
GEs ND~43.2 16.00 6.35 50 0.0069/0.008 1
2-MCPDE ND~67.8 21.71 14.55 50 0.009 4/0.011 0
FEAEAFm 3 - MCPDE ND ~50.1  10.38 - 40 0.004 5/0.005 3
GEs ND~33.5 9.25 - 30 0.004 0/0.004 7
2-MCPDE ND~51.1 12.78 - 30 0.0055/0.006 5
FKih  3-MCPDE ND~59.4  9.92 - 30 0.004 3/0.005 0
GEs ND ~48.2  13.90 - 40 0.006 0/0.007 1
2-MCPDE ND~380 31.43 - 48 0.0135/0.016 0
Bt 3-MCPDE ND~59.4 12.77 - 42 0.005 5/0.006 5
GEs ND ~65.3 13.31 - 38 0.0057/0.006 8
TE:ND oA K 5 - R e (e
Note:ND. Not detected; —. Median not available
3 & #®

AR5 30 3 A AL H O AT AR, ST
T [R] B0 A AE 4 3 2 — MCPDE (3 — MCPDE Al
GEs 1M A3 - ik, AUk 2 - MCPDE A
3 —MCPDE & 8 7E 5 ~ 800 ng/mL 3 [ N 45 P B
f,3 — MCPDE #1 GEs A 1F 10 ~1 600 ng/mL {5
Bl R BLGF, R FRYS O 10 ey/kg, 5 B FRYS R 25
pe/kg, 7 EE IR RSD /T 8% , s ISR AE
81.40% ~91.69% , R AL = , R B FIORG 25 B R4,
MR . Az R E S0 i Ay 2 -
MCPDE 3 - MCPDE F1 GEs 1% &, 3 HLXF 18 % J2 LA
- A\BER) 2 = MCPDE 3 — MCPDE F1 GEs 252 X% 7K
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FHEAT AT AR ER, TR R A 3 R )

PR Ao IO PR AL, AR B i XU B 7 P AR A e B

R TDL, 25 b AR T7 ikl LAz B T A i o

2 — MCPDE 3 - MCPDE Fi1 GEs [ [m] Bl 2 .
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