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Simultaneous determination of 3 — chloropropanol esters and glycidyl esters i
edible oils by gas chromatography — mass spectrometry

LIU Yao, GAO Tong, ZHANG Hao, SUN Shangde, CHEN Xiaowei
(College of Food Science and Engineering, Henan University of Technology ,Zhengzhou 450001 , China)

Abstract:To lay the foundation for reducing and controlling the pollution levels of 3 — chloropropanol
esters (3 — MCPDE) and glycidyl esters (GEs), and monitoring their content changes, a simple, rapid
method for the simultaneous qualitative and quantitative analysis of 3 — MCPDE and GEs in edible oils
was established. The samples were subjected to alkaline hydrolysis reaction using sodium methanol —
methanol solution for 12 min, defatted with n — hexane, then derivatized with phenylboronic acid ( PBA)

solution for 20 min, and extracted with ethyl acetate for three times. The extract was nitrogen — blown to

dryness, and re — solubilized with a small amount

RS 882003 — 09 — 04 ;& 5] F 87 :2024 — 08 28 of ethyl acetate as the sample solution to be

HEEWE. HE TN &AL H (2021 YFD2100302) ; measured. The mass spectrometry was set to
TR FURRLE R 4T 09 H (232300420017 ) 53] Tll ionization energy of 60 eV, and then GC — MS
2 1 BRI L 4 (2021ZKCJ02) was carried out to analyze the samples. The results
VEE”GA X BE(1998) 4 Wi BFFe A BFSE 7 16 9 Tl g showed that the established method had an
Jn T 5 B4 ] ( E-mail ) liuyaosugar@ 163. com, average spiked recovery rate of 88.70% —92.42%

BEEER M/ B2 4%, 1 1L (E-mail ) fexwchen @ haut. and a relative standard deviation ( RSD ) of
edu. cn; PN, 282, T+ A S0, 1+ ( E-mail ) shangdesun 2.80% -6.17% . 3 — MCPDE and GEs showed

@ haut. edu. cn, a good linear relationship over a wide range
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(40 - 15 000 wg/kg for 3 — MCPDE and 200 - 15 000 pg/kg for GEs) with a correlation coefficient
(R*) of 0.996 0 or higher. The method was accurate and reliable, with no significant difference from the

results of import and export standards (SN/T 5220 —2019). When the method was applied to analyze 24

common commercial edible oils, it was found that the detection rate of 3 — MCPDE was as high as

95.83% with an average content of 1 077.7 pg/kg, and the detection rate of GEs was 79.17% with an

average content of 1 074.8 pg/kg. Palm oil and rice bran oil had significantly higher levels of 3 —

MCPDE and GEs compared to other vegetable oils. This method is characterized by its simplicity, high

sensitivity, and high accuracy, and it can be used for the simultaneous determination of 3 — MCPDE and

GEs in edible oils. Additionally, there is an urgent need to improve the pollution situation of palm oil and

rice bran oil.
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Fig.1 Typical ion chromatograms of derivatives of target compounds and their internal standard
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Fig.2 Typical mass spectra of derivatives of target compounds and their internal standard
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different ionization energies
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Fig. 6 Response values and extraction rate of 3 — MCPDE and GEs under different extraction times
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Table 2 Linear regression equation, correlation coefficient, detection limit,
quantification limit, and linear range of two target substances

Hird PRI 5 PERB(R) KB (pg/kg) B/ (pg/kg) APkl (pe/ks)
3 - MCPDE Y=0.468 2X +0.207 3 0.998 9 10 40 40 ~ 15 000
GEs Y=0.355 0X +0.027 6 0.996 0 100 200 200 ~ 15 000

Hi5% 2 AJ%1:3 — MCPDE 7£ 40 ~15 000 pg/kg 36 11.4) pe/kg) Jy5LJ5, 43 5 hm A 40,200,300 .,500 .
FEl etk AT (R =0.998 9) KPR 10 pe/kg, & 1000 pg/kg MBREE, 3 1. 2.2 Jy ik AT A b ¥
#FRA 40 peg/kg; GEs 75200 ~ 15 000 pg/kg UEN 4% 1.2.3 R84 GC - MS 347, i+ 5 nds s,
LEMERAF (R =0.996 0) K HHBR M 100 pe/kg, a8 B IIARACEA 6 YO BRI , 45 R U055 3 iR o

R 200 we/kego £ b, %05 WL HERA L e HAR PRV H13% 3 WA, Fr A R 3 — MCPDE - findr el
I 5, vl LA R AN TR S e R S B I R 3 - ARAE88.70% ~92.38% Z [l ,RSD 7£3.75% ~6.17%
MCPDE #1 GEs f#6l 25K ZIA], GEs {9-F-24 inkp [ 575 90. 63% ~92.42%
2.4.2 JriENE T EEAIAR IR Z 6], RSD £ 2. 80% ~5.32% Z [a], St W% J5 i

DS &Y 3 - MCPDE A1 GEs K EmAEdh B 1k JORS 3 B8 R A7, nT LA 2 &2 A+ 3 -
(3 -MCPDE(359.8 +23.7) pg/kg, GEs(445.9 =  MCPDE I GEs f& 2347 .
®3 IAREKRRMNBEELER(n =6)

Table 3 Results of spiked recovery rate and precision(n =6)

- P [/ %o . 2o, THRTBRUES 22
R s B > 3 J 5 P A LS A EE N 7
40 93.8 92.0 88.6 91.0 86.4 80.4 88.70 5.44
200 89.6 90.4 88.7 93.6 9.1 97.9 92.38 3.75
3 - MCPDE 300 83.8 93.7 92.8 85.6 94.8 87.6 89.72 5.17
500 84.7 95.2 88.4 93.6 96.9 83.8 90.43 6.17
1 000 85.6 89.3 95.1 92.6 92.5 86.7 90. 30 4.12
40 93.2 92.3 89.5 87.4 96.4 85.0 90. 63 4.58
200 89.6 85.1 89.8 94.3 93.1 96. 1 91.33 4.35
GEs 300 89.8 95.7 84.6 90. 1 97.6 95.5 92.21 5.32
500 91.8 93.4 95.5 87.5 89.2 97.1 92.42 3.97
1 000 88.6 92.1 95.6 89.6 93.2 90.6 91.62 2.80




2025 4F 45 50 4 4 2 1 h Sl 93
2.4.3  JiAEHORT HEEIE gRS pg/kg
FFAS Ty 5 35 B VAR v 75 32 (SN/T 5220— A 3 _ MCPDE GEs

2019) % 4 FpAtiPruh g 3 - MCPDE FiI GEs & & 1F47 2 JH SR T 49.4 +4.9 ND
Kol 25 5 032 4 VB FEIH 100.1 +3.4 ND
£4 RESEMEHEYE 3 - MCPDE 71 GEs (4 8 ﬂmﬂl 1634.2+53.1 523.6 +33.6
Tabe 4 Different methods for determining the contents of At 2 2060.0:£17.9 1030.0.19.2
3 — MCPDE and GEs in vegetable ofl _pg/k ks 3 11794.5+249.8 11 181.0+302.3
i s pki 112.2 £5.7 ND
3~ MCPDE GEs
Fiih — T ND H8% T bR
F ANk R ADRE RREE K e

Y1 13 678 £270.4 13100 4 551 +186.2 4030

Yrm2 2041 £93.7 2060 1210+12.8 1030
Y3 1675+£112.2 1590 5606 +153.2 6 590
Y4 1994 £147.2 1980 <200 <100

E R i 2 2R th 2 =07 K 1 21
Note : The results of standard method are obtained by a third —
party according to SN/T 5220 —2019

I3 4 Rl AR 7 vk I 2 45 2R 5 SN/T 5220—
2019 ZARAHZE A K XF 2 FhJ7 ik A A6 I 45 2R A
Wilcoxon £ 5 fk# 46, A~ Jr ik 5 SN/T 5220—2019
HLE,3 — MCPDE il 25 3R 22 S G i+ X (Z =
-1.095,p >0.1) ,CEs il Z5 R 22 7 K Ge it 8 X
(Z=-0.365,p >0. 1) , BEHIATT IR MERT A 58
2.5 FERREARNZ

AHIA SO S 1 J7 %, I o3 B 1 i
JLE) 24 4y FM R 3 - MCPDE F1 GEs 5 31§ ¢,
ERANF S B,

RS 24 HWHEEYIMES 3 - MCPDE 71 GEs Byl EE 45 R
Table 5 Determination results of 3 - MCPDE and

GEs in 24 commercially available vegetable oils

pe/kg

TP 3 - MCPDE GEs

K E W1 251.9 4.1 565.2 £20.7
K E 2 192.9 £5.4 345.8 £1.7
K3 630.4 +22.9 617.3 +5.7
K E 4 247.5 £17.5 352.4 £24.9
R 1 154.5 +4.7 289.3 £3.4
R 2 864.0 +26.2 570.1+14.6
A1 939.6 +21.4 432.4 +26.4
e 2 454.7 £9.0 470.2 +17.8
AeA9mh 3 587.4 +37.5 463.6 +17.5
A6k 4 197.5+17.8 452.5+12.8
iR ] 418.6 £20.4 ND
T 1 127.5+2.3 293.6 +5.7
Foki 2 405.1 +8.9 918.4+14.5
SR 1 450.4 +21.5 342.4 +3.4
SERFI 2 336.6 +27.3 201.5+6.3
FEACKTIH ND 333.5£5.9
2Rl 3772.4 +£301.7 6411.4 +176.8
MY i 83.5+2.2 ND

Note: ND is below the limit of quantification
H14¢ 5 A UL ,3 — MCPDE (146 1 %2353 95. 83%

SE A ND ~11794.5 pe/keg , FHE R 1 077.7 pg/kg,

T GEs A H A% 79.17% , & & ND ~ 11 181.0

e kg, FEIEN 1 074.8 pe/kg, Hor SR AR

Bt 3 — MCPDE F1 GEs (1) & 5w , 3020 FE i 4

HCH (EU) No 202071322 F i FR-#2 (HE-7-3il1 . Bk

i I T e T I NIEAT: I v Y e R 1 G i

3 — MCPDE FRI{E 1 250 we/kg, HAAEHI MG

3 — MCPDE [RE{H # 2 500 pg/kg; GEs [R & {H A

1000 pg/kg) 359K AR 00 5 % B4 e ot A

KM 3 — MCPDE i1 GEs (1) 5 2t = T LAt A

7R ELOERE S

3 & it
AR S T R I E B b g o 3 - MCPDE

I GEs W71 , %07 15 BAT TR 8 | 5 8088 FOE R 2

R SO0, A S B I 7 5 0 5 A v A

FREE SR T — PR % . AT o 3 R4

A& HIh R 3 — MCPDE 1 GEs 75 44 7K - i

AR TAERA —EMEE I E L, REE

H—DNEKE, H A S AT & G %%

A BN Ao B F A, 0 2 AR Il AR Y 3 -

MCPDE 1 GEs J5 1 &l , 2% 15 2 s, Ha i

MG 075 B 1 0 R R T Bk i BRI A A

JE AR TR LRy B AR 0 1 A

A — S, QAT RAH ST Al i EE A

SE 3k
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