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i EBEW i AAEK4s 83 HEN R AN b AT A %88 (MCPDE) 4= 45 K 4 i 8% (GE) &% 4 5 A7 5
kL H R AL REF R AR GE 4Lk 3-5-1,2-7 =8 (3-MCPD) ¥ % s, Fix 5% AOCS Cd29¢-13
AARE FHRETLADHRTALEFERTRM AR GR-RFERFAT A, KA L 4 (DB-5MS #) 4
B3R BMEX(MRM)RE , AtcEE S, GR SHMHY ST CEWHALFELZF R R (2B EGHaK X,
% 10 CTF/R## 7 min B ,MCPDE #= GE KA K % s, 3-#-1,2-% =B 85 (3-MCPDE) .2-#.-1,3-% = 8 — &
(2-MCPDE)#= GE #9# h 39 8 5 wa/kg( VAL ), £ 0~0.4 wg/mL 5B AR E 5% GARIMAZRIFHEEX Z
(% % 3 R*>0.999) ; £ 20~2 500 pg/kg & B W A2 45, MCPDE #= GE # @& %35 B 4 90. 3% ~ 109. 7% , 48 3+ 4% &
1% (n=6)A 1.3%~7.7% M FHE L2 A F ERTF LT ARBEHE, SRR EELE R ES EEFTRH) R
Vo, r kA4S R BA T K7 kA T FAPAS F A6 MR R BEER, £ LA ERMEMNRE, R
ERSG  KXAKERTAIREO S HRE RS THENAEFRLERGELN BIFH LT RN HEF MCPDE 4= GE
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Application of fully automated sample processing platform for the determination of
chloropropanol esters and glycidyl esters in edible fats and oils
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Abstract: Objective An online fully automated alkaline hydrolysis method for the determination of chloropropanol
esters (MCPDE) and glycidyl esters (GE) in edible oils and fats was developed, and the effects of vegetable oil type and
temperature on the conversion of GE to 3-chloro-1, 2-propanediol (3-MCPD) were investigated. Methods Based on the
basic principles of AOCS Cd 29¢-13, the samples were subjected to hydrolysis, chlorination, liquid-liquid extraction and
derivatization on a fully automated sample pretreatment platform, and then separated by a DB-5MS column after injection.
The data was determined by multiple reaction monitoring mode (MRM) coupled with the internal standard method.
Results The efficiency of GE conversion to 3-MCPDE in the five vegetable oils was significant different. However, the

effect of temperature was relatively greater. The alkali hydrolysis time was optimized, and the hydrolysis of MCPDE and
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GE was basically completed when the hydrolysis was carried out for 7 min at 10°C. The limits of detection for 2-chloro-1, 3-
propanediol (2-MCPDE) , 3-chloro-1, 2-propanediol (3-MCPDE) and GE were all 5 pg/kg calculated by their free forms.
There was a good linear relationship between the concentration and ratio of the response ranged from 0 to 0.4 pg/mL.
When spiked from 20 to 2 500 pg/kg, the recoveries of MCPDE and GE ranged from 90. 3% to 109. 7% with the relative
standard deviation (n=6) of 1.3%-7. 7%, indicating that the precision was better than that of the manual procedure. The
method was comparable with the Chinese national standard method for food safety under reviewed and was successfully
applied to the determination of FAPAS proficiency test samples. Conclusion The novel automatic procedure has the
advantages of simple operation and high sensitivity, which reduces the labor intensity, improves the detection efficiency
and repeatability compared with the reported manual procedure, and can better meet the requirement for quantification of

MCPDE and GE in edible oils and fats.

Key words: Chloropropanol esters; glycidyl esters; phenylboronic acid; fully automated sample pretreatment; gas

20224E%0 34 55 3 W

chromatography-tandem mass spectrometer

SN P BE (Chloropropanol esters, MCPDE) 5 45
JK H i ER (Glycidyl esters, GE) J& E N 48712 L3 1
— RSN TR K A A R BN R A
I LA B 25 2 il i 1 £ il 3 3l A7 /E MCPDE \GE
B35 YL 45 ok H i (Glyeidyll, Gly) 3-%-1,2-4
[ (3-Chloro-1, 2-propanediol, 3-MCPD) 43 57| &
2A 2B 6 EUE Y, 3-MCPD J& MCPDE H A ' it
P 2008 4F LISk, [ PR b 2 K HLH X MCPDE 5
GE HEA7 T KBS WAL 7, WK 12 i %2 42 JR) (European
Food Safety Authority, EFSA) Pl &2 WHO/FAO a5
a5 A s B B B A & 51 2 (Joint FAO/WHO
Expert Food Additives, FAO/
WHOJECFA)Xf 3-MCPD K H i 26 i T it e 4 =
{H (Tolerable daily intake ,TDI) 25k 2.0.4.0 we/
kg'bw/d[s' L LR MEF = T PR A (Benchmark dose
lower limitation, BMDL,,) & 2.4 mg/kg-bw/d PF4f ,
o )L ABE GE 1 & 2 BRA{H (Margin of exposure,
MOE) Jy 490, 17 78 B X o B e, B3
(European Union, EU)#LE T & AR 2240 LB
B RV £ GE (3-MCPDE (1 B

5 TP AR A GE Ah I 2 s XEFE K
A G Ry A RN ) vk 56 i IR A 2 K 2
(American Oil Chemists’ Society, AOCS) (T
AOCS Cd 28-10 N EL 4% HF 5 Fh GE S AL )
E R P A P R v I L AR 4 R
14 7K A% 75 2RI 4 SRy B K AR IR K A R T K
fifE " B4 AOCS Tk ok EBR AR EIL L 2L (International
Organization for Standardization, 1SO) K& A 19 5 e J5
%o AOCS Cd 29b-13 &R AR (22 °C) K i,
A R B2 3 IR M 25 A 3-MCPD % 4k S 4 K H
X 25 R B) N BB R, H K i K I8 16 h
1S018363-1:2015(A0CS Cd 29¢-13)"" % i # ik /K
fift, JF LA 229805 (3-MCPD 34 it ) 7155 GE & &, K
fifg e 3d, AT 2 4 Fh bR UE & (MCPDE Kz H [ {2

Committee  on

F) e Hurf s 2 m k2 —0% 0 AT %
LA U B 4 A Sl RE AL B B 25 S UM E
% - = H UM R % {Y (Gas Chromatography-Triple
Quadrupole Mass Spectrometer, GC-MS/MS) , s T
TR f MCPDE \GE f PR | [ 3 L5 , IF
BT A AR R AR R X 3 R G B T IR TS G
XF A I E AR bR AT T R G RAE IR AT O Ik
] % L o

1 #MR5FZ®
1.1 Mk
L1 REARIR

B CRE AR I ZORF I Al STk RO )
F R DG Aol 42 At T B RS R 2% il Dy 2020 AR AR A

a4 XIS M DR L 8 b bk B KR B A o

FAPAS 2658.2667 At J1 S i Al 4 il ok A 9 6 & b 5
¥ 55 #F 3% BE (The Food and Environment Research
Agency,FERA) .
112 FEEAER 5

AR 3 - HR I B3 A (7890A\70008,, 3 [
Agilent 24 F] ) : FLAE i S OB, IR 35 802 H S AE b
Ib -5 (Chronos, T8 [E AS 22 F]) - 5 19 SEAS i &
LG A TR G i AR 7 A R ) & -
WOR B VR BT E IR AR E VA R L DN AR O AR
i L 4 5 TR R A% B2 (925 AL FE [E] Testo 24
", =50~1 000 °C, ¥ £ K +0.5 'C) , L T K F
(CP225D, /&34 0. 01 mgﬂ% Sartorious 2> H) ) , i€
IR A 28 (G-560E, £ [E Scientific Industries 2> 7)),
Ve HIK IR P46 B IR RS BE 1.0 °C) .

A K H AR R TR (3-5-1,2- 0 B AR IR
P 2-3-1, 3-8 B i AR I L D,-3-5-1,2-I8 =
B A A R TR R Dg-2-580- 1, 3-P9 1 R IR R R 45
PR (LR 989% DL I, &K TRC A ))&
N I R 1R A b5 fE W B 3-MCPDE, 2-MCPDE 41 A%
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(2.00 pg/mL) , 1€ & W # M Ds-3-MCPDE . D;-2-
MCPDE 21 i (1. 00 wg/mL) , GE(2.00 wg/mL) , A
WA A BT O TOR vk B DL ORI
IEC B BT I H TR TR R gl (32 E
Merck 23 m)) , SR AL AN BAR U5LAL B AR 4R L TE K
T 12 A JC K Bl R k(43 A 46, [ 25 46 D B A
Al ) s LT R (L 97% , 43 4l , L i 15 3 /R Ak
S RN E]) AR TG K 2B e A A

1.2 MCPDE Il GE % & ()l €

1201 Aol 2 i 45 S 6 050 3% 508 o

F AL P A B8 2% AOCS Cd 29¢-13""", Hrp i 7k
i 5L R S IR N 10 °C, KA B R 3 N & 7 min, He
b3 ME SRR . B 2 mL BERE R BSC I E T A
TG b G SR B A B SRR AL B B T
i, F A B HinA 10.50,100,150,200 pL GE
FRUEW, T B &4 3mA 10.50,100,150.200 pL
AN EEBRIE G W, ¥ A 3 A 100 pL B A
Fr 75 wL HZEFD 100 WL HF 36 BT SRk, SR 05 A
200 L & Ak Al - B OB (0. 35 mol/L) , H 3l K i
7 min J5 , 52 BT A B B B BINA 600 pL fig
£ NaC1(200 g/1) \NaBr(600 g/L) ¥ W 5 1k /K i , LA
600 wL iE C %¢ 25 B 17 iR 1 T (Fattyacid methyl
ester, FAME) 1~2 ¥ , 5 % D2 W LL 0.5 mL &
fit/ W W6 (V/V,3:2) - ZE BUA T BE 1~2 1K 5
A 30 wL 2B A ER (PBA) AT 42, FH 30 wL & 5/
LR CTR(0.1%) KR mr ARG W E® 25
0.2 g Jo/K Na,SO, Wy #EFEIR o, K J5 GC-MS/MS
53T .

SN TR A U R 26 (B 45 ) : L MCPDE 19 it &
(LAEE ) Ky B AR bR, MCPDE 5 6 R P4 bR () 10 T
U A 9\ 4 45, 15 #] 3-MCPDE . 2-MCPDE #5 #E
£k

GE #5 #E il 2k DL I % 55 & % (Transformation
factor, TF) Y 72 (A 45) . T F B Hd 3-MCPD 5 4z
D,-3-MCPD [ W 1f X LE (B, P38 4+ 3-MCPDE 45 #E
M4t 3145 GE # L5 3-MCPD By itk ; LA GE
By 5 X A, LU 3-MCPD (il Y i, 21 GE
R4 . AR (m) B EIECCL/m) B R GE 315
B TF, LA 3-MCPD ¥ in & (A (B 4 ) 25 (0 ) e L TF
53] GE & it .

1.2.2 &S b MCPDE Il GE W 5 J7 ¥

WERAFREUE — £ 3 2 43 T 2 mL AL SO (A B
P, B 0. 100 gCRG 8 2 1 mg) , % 5 47 15 51
R HEANHEMLEETFE%E 1.2.1 28R A S
(o

1.2.3 U#SH
1.2.3.1 SHBH

{6 3% 4 (2 #2) . DB-5 MS (15 mx0. 25 mmX
0.25 wm) , AR AR IE , ] 422 ) Wk H, 8. 7 min XX
TEUR 8. 87 min LR 45 0 ; A 7 A TR A,
PERERBLA 1.0 pL; PERE FTEE 2250 °C i - 2 <
g v Al (A R 99.999%) L fE L (%A 1.2
B9 9 43 B R 1.5, 1.6 mL/min; B2 % TF iR 45 1
70 CF PR FF 2 min, K5 LA 20 C/min M S+ &
200 °C, H Pk 40 °C/min 13 B T+ & 300 C, £ HF
3 mino
1.2.3.2 JRi%3H

BB FEERERED BB :70eV;
W 7 2 MRM B 5 B T IRR EE 250 °C; DUML AT
150 °C; ML IR 300 “C;IAFIZER 3. 75 min,

£ 1 EHEE R PBA R M0 2 S0 B T
Table 1  The multi-reaction monitoring ions of chloropropanols

and their internal standards of PBA derivatives

La&w BEEF(m/z)  FEF(m/z)  RifERER/ eV
196 147* 8
3-MCPD
198 147 8
196 104* 14
2-MCPD
198 104 14
201 150* 8
D,-3-MCPD
7 201 93 8
201 107%* 14
D,-2-MCPD
203 107 14

VE L S
1.3 Gt

H Excel 2019 #F 17 %48 &8 1t , i i SPSS 23.0
AT 240 M. 3-MCPDE \2-MCPDE 5 &
BAFARMERN R T BRI, GE &Rl A B PAT H 3-
MCPDE & ft () 22 {8 (3 m it ) , 3 DL TF 15 8], DL
P<0.05 N 2RA Gt L.

2 BR
2.1 AU Em ST 51k

AOCS Cd 29¢-13 3k H SIM 2k £ & =0 , GOH
AKX G T OSIM I MRM (4 2% 5, SIM # =X
I 53 45 % %A, 3-MCPDE . 2-MCPDE Y LOD 43 %]
100,300 pg/kg, MRM #5521 52 8508 T 43 1] 42 &5
6.10 fif o PRIL, hy B8 i 0l JE I o o0 AT 7 OR L AR S
KA MRM R, MCPDE K H: 8] 2 4 bRk
fi# J5G 4 PBA fii 4=, 3-MCPD .2-MCPD 147 4 ¥ 43 )
FA-CHE P L) 2K -1, 3, 2- A ke . 5-5-2- 0K
1,3, 2- 2 ke, oy 7k CHBO,CH,CHCH,
POl A H AT AE Y R IR T TR
U 43 5 R m/z 198 1196 5K H F B F 1 4l 7 L%+
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BT /Y Bl 1 BE B R AT AR 4L, 3-MCPD B TR T m/
z 196 2k % -CH,*Cl (m/z 49) J5 & & m/z 147, 2-
MCPD B> T8 F m/z 196 %< 2 -0CH,(CH*Cl) CH,
JG &8 m/z 104, D.-3-MCPD .D,-2-MCPD £i7 4= ¥
2 NS REMPZEAL, BUiE 28004 1, 3-MCPD
1A= W0 B R AE B8 F 5XF m/z 196—147 il 2-MCPD fif
YR B TR m/z 196—104 5 FF & 0 I 8008 T
P, DA 2 A o B S 5, AR (100 ng) £ 4=
A MRM (835 WL 1,
2.2 GEE®M#HE R
2.2.1 AW SRR GE %% AL A TF {5 1Y 52
Gly 1 3-MCPD Y A Xf 73 ¥ J5t &t 43 5 g 74
110, 4 GE 5¢ 4 %% 1k & 3-MCPD i}, A 15 £| iy 3-
MCPD 34 i & #5508 GE & B 5 TF 4 0. 672, 5

10" [+El MRM CIDG8.0(196.0—147.0) 100 ng-1A.D

3.4
32| 3-MCPD-PBA . 2-MCI;D-PBA
30 I Hz:H S C[fC;l: OE* o
2.8 ety
26F | §—¢
23] mz196-147 || miz 196104 ||

§ ?g I \ R |

< L.or ‘

= 16} I miz201-107

@ 1.4+m/z201—150

=12} [ \
1.0} |
0.8} : ‘
0.6 I
0.4} ‘
02 |

0 .

7.80 7.85 7.90 7.I95 8.10=O 8.05 8.10 8.15 8.20 8.25 8.30
Counts vs. SREEH [A]/min

BT inbsAEA: i P ST BE (100 ng) B34 7= 4 (1) MRM (4,35 %]

Figure I MRM Chromatogram of chloropropanol (100 ng) de-

rivatives in spiked peanut oil

EBKRT 0.672" . T ARFEFIEFMUKLE A

bRk ff s 2 b, GE & /D 4k o 2-MCPD, A 11t WA mtr 5 GE ¥4k 3-MCPD . 2-MCPD [ RL %,
GE X} 3-MCPD By % 1k % % X T 100%, ffi 153 TF IF e dE TF AR/, 85 R 3% 2,

2 AP T A HGR B GE AL S 3-MCPD B J7 72 b TF (i
Table 2 Linear equation and TF of 3-MCPD used for quantification of GE in selected vegetable oil and blank solution spiked with GE

b, % b, % A %
FE il R R/ m TF{E e e e
(GE—3-MCPDE)/%  (GE—2-MCPDE)/% /%
i y=1.186 5x—17.094 1.187 0.843 79.7 8.92 88.6
1A y=1.186 7x—15.493 1.187 0.843 79.7 9.05 88.8
RS I y=1.184 3x-15.598 1.184 0.844 79.6 9.09 88.7
SEHFIm y=1.193 4x-7.5298 1.193 0.838 80.2 9.16 89.4
Pl y=1.181 5x—14.086 1.182 0.846 79.4 8.86 88.3
25 y=1.180 1x+0.971 5 1.180 0.847 71.7 9.90 92.0
5 FPAE )00 GE AR 5 5E , TF {H7E 0. 838 ~ ) GE—3-MCPDE (%)
) [ ] GE—2-MCPDE (%)
0.846 2 [i] , GE %} 3-MCPD )% 4k R Ky 79. 4% ~
80.2%, GE X 2-MCPDE 1y % {t % hy 8.86%~ wl
9.16%, /] 2-MCPD 4 fin & #: 5545 2| GE Y & = I,
TF Jy 7.32~7.59. (h3 2 A%, U B] GE # 1k K §60_
3-MCPD 177 2 it & T 5% 464 2-MCPD (177 %, J& g
J5# 8 ~ 9 i, UL EEI PR F S5 3-MCPD IR ] a0
@)

SE R GEP, RUMRR B 3R R OR [ E R
BRI GE & 5, = 58 & 2 4 KU 207
W (2017 W) % FH 455 22 %8 0. 856, {H X A i 2>
ik GE & 1 22 8 T 0 fER 2 i, A SCTE S A 0
st il 2 FE ) 2 08 R BRI A GE AR v 42, LA
WA E] TF (. AWFGE R, DUAT AT — Fh R 4 il
o 7S PR ) Ry 3 5 o A b i 2R L A B A TF (48
A — B[ FA X b HE W 2= (Relative standard deviation,
RSD)N N 1.54% ], iX v W H & 0 b e 55 S A [\
s P BT FH T IR PR 45 F IO bR 22 A4S ) TF,
2.2.2  JWV RN GE 2 i 52 IR

R % BEOK i L BE X TF A B9 R, xF e T 4 A
T EE R KRS TF A RN S5 R W 2. H 2 7]
7, K f# R BE B 10 “CTh i 2 28 °CL A 82. 0%

Reaction temperature/°C
B2 4T KA GE 5% 4kl 3-MCPD YR X L
Figure 2 Comparison of the conversion rate of GE to 3-MCPD

at four temperatures

L E 90, 1%, %7 R TF Ll 0. 820 F& & 0. 741,
16 10 'CF ,GE ¥4t 3-MCPD W5 1L %K 82. 0%,
I T A IR R 00 B A0 % U B L B ) 46 5 R 0™
AT — B R

B 2352 TF {H, JF AT REXT GE 2 fE 45 R 7 A=
o, PRI B 58T T R MR S I AE 3 Rl AN TR R
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(5.10.25 C) T Bk 6 45 B B0 8500 . BE LT 5 e ~+=3-MCPDE
10,25 °C R /K it 2 , GE & & 4 %)k 3.27+0. 05, —4—GE
3.32+0.03.3.43+0. 01 mg/kg, H1 I 7] %0 B /K fi# 16 ol
BE W9 TH S CE S A R M TH 5 . i T TF {8 2 b8 ‘
LB 1 705 A0 T D B0 B 0 R, 5 4 % b o o %
SRR 4 R R B UK GE R e B
SR MO R R ARt e B
SRR 5 B K B — . ZWAGERMAN /42 tor
AR AR/ B SRR L4 3-MCPD B B4R
BT T AB BB 1B CL, % 4 T SN, 2R () 03T
Williamson JZ ) , 2 i Gly, T 530 GE & &= 19 I
0

Fon DRI IO 224 s ol Bl K i B9 3R R, R Rk 2D 3-MCPD
AL A Gly.
2.2.3  BK A s ] A O Ak

AOCS Cd 29b-13 ¥ R HIAR R >k B #1061 3-
MCPD #% 4tk Gly, 76 -22 “C R /K fif 5 B 45 4L 16 h,
AV ek B 5 A K B K A Y B E] . ISO 18363-4:
20217 Hp i IR TR (10 °C) PR st i /K At 114 0y =X, 4 i
) 246 4 31 12 ming AR 5256 S 3k /D K A i 3-MCPD
Akl Gly kA 56 % 185 R 5 1S0 18363-
4:2021 [R]#F 0 7K i iR B2 (10 °C) , JFAE IE B Al 1%
Bl 7K i B 18] EAT R4 . A B KM 5 m A NaCl %
HORLJE L GE Y K i 77 W 4i K H i B A Ak 3-
MCPD,B & Hin A NaBr )5, th TR R P EH
B, Rtk T AR K H I A6 S 3-MCPD iy R
T HRGE GE T80k AK fif b B v i) A8 Ak, A 52 56 38 2o
FEAE 0 A L3 GBI AR (5. 0 mg/kg) , M 5E B
A H AR IR Y (n=3) , 45 28 /K i i 1) xF [ A
WK it AR B A R )

W 3 Fis  £E 10 'CF 7K f# 2. 5 min J§ 3-MCPD
5 2-MCPD ¥y o7 FEAC TR W . B J5 3-MCPD i)
I HE LT B9 5 81 (5 ~ 8 min) , il 25 /K fi# I 7] ) 4
e, /b 3-MCPD ¥4k R Gly,3-MCPD i i i ¥

I 25 4 6 7 8 10 12 14 16 18
Hydrolysis time/min

3 AR AEAE I H BRK A B 18] X6 MCPDE B G IR S FY 5 0

Figure 3 Effect of alkali hydrolysis time on the response of the

derivatives of MCPDE and GE

TR GE B A /K ik isF (] () 3 o) 17t 18 L 48 S ~
8 min B0 B A8 097 5 00, B S BT 3-MCPD
) %Ak, S 80 3-MBPD Wi 17 Bifi 5 7K ff B a) 1 48 o
GE i & & Y5 [ 7E 4. 89~5. 25 mg/kg, RSD i [l
H0.63%~5.62%, I #E AT 2 FE A B ALK 3, P=
0. 148, AR /K g if 8] R GE il 5 45 R A — 8, R
ARG LR EMES . BT RKRBREW D 3-
MCPD %4t Gly, i 2 3k i 7K fi# B5F 18] 24 7 min,
2.3 A RAE
2,301 ZRMEE R R PR R E i PR 4G
TEOA LT B30 25 R, B B L MG 0~
4 000 pg/kg; LAAEAE B0 R FE T, 2R FHRE SO AR J7
BN B PR, RE A 2R 4 Sl R A AL B
-5 ATAL B S GC-MS/MS 5, $4 B8 A5 M L (S/N)
05k 3,10, 8 22 K R (Limit of detection, LOD)
A5 4 PR (Limit of quantification, LOQ) . W IE 3-
MCPD 3 finH3H% GE B9 LOD, 45 5 W% 3.

3 2K N MCPDE Hl GE By 5 72 I e 7€ R %L

Table 3 Linear equation and correlation coefficient of MCPDE and GE in blank reagents

R it A 3 B/ K LR/ &R/

e B (pe/ke) Ly Yes R " e
(pg/mL) (peg/kg) (pe/kg)

3-MCPDE 0~4000 0~04 y=0.004 1x+0.013 9 0.999 1 5 15
2-MCPDE 0~ 4000 0~0.4 y=0.012 4x+0.048 8 0.999 1 5 15
GE 0~ 4000 0~04 y=1.220 1x+0.971 5 0.999 2 5 15
2.3.2 Jriklalgh Ay Xk 3 4l A, 4 8 sh R AL BEF &g i 3-
2.3.2.1 ZHESFInkzmEx T MCPDE .2-MCPDE K GE A [l K 43 51 Jy 91. 7%~

FRIUCEAE T AR A, 4% 8] 20.100.500.1 000,
2500 pg/kg Vi B A #EAT AR IR 5, 7 R4k 2%
T AT, 25 4 07 VR 0 AE 0 B S ORE % R 40 il
PLhns B3 F RSD 2w, % L4 A ik f1 T3l ik
MR, WL 4.

109. 7% . 90. 3%~108. 4% 1 92.2%~107. 7% , ¥ i
J& GB/T 27417—2017 Hxd b BISCR B SR o 78
[F]— sk B2 R, 4 [ 3h 4k 2 W & B, 3-MCPDE | 2-
MCPDE [ GE 1y RSD 4340 1.3%~7.8% . 1. 4%~
5.9% F 1. 7%~T7. 7% ; K F T3 ik W B, 3 Flvdl 43
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R4 A F BT B AL BRIA 2 IR S BERE A GE IR B 9] 0% AT RSD 2521
Table 4 Recovery rates and RSDs of MCPDE and GE between fully automated and manual methods

i i

) el / e Fahik A% Fahik
AW ek WEML BCE  RSD WL EWE  RSD W BKGR RSD WL FMCE  RsD
/png/kg) /% /% Nnglkg) /% /% Nng/kg) /% /% /(pg/kg) /% /%
20 18.8 94.7 3.9 18.8 94.5 7.1 21.6 109.7 6.0 22.0 111.2 6.2
100 90.8 94.5 3.8 92.4 94.1 12.9 96.2 94.8 7.8 87.5 90.6 3.7
3-MCPDE 500 467 96.8 5.6 536 109.7 6.4 515 104.3 3.7 452 95.0 6.3
1 000 895 91.7 1.3 1080 108.7 3.0 961 97.3 4.3 942 99.1 5.0
2500 2291 94.8 1.9 2395 101.5 4.6 2383 98.2 3.5 2277 95.1 2.6
20 21.5 108.4 32 21.9 110.7 4.3 20.7 103.5 4.7 20.7 104.9 5.0
100 87.0 90.3 5.9 106 108.1 7.1 102 99.8 2.7 94.2 97.5 4.8
2-MCPDE 500 452 93.9 2.9 508 104.0 1.6 503 102.1 2.0 495 104.0 6.1
1000 908 93.1 1.4 1018 102.4 1.4 959 97.1 3.9 959 100.8 3.8
2500 2259 93.5 1.5 2327 98.6 3.4 2434 100.3 4.5 2338 97.8 4.5
20 21.4 107.7 6.2 21.0 106.6 9.0 20.1 101.0 7.7 20.8 103.7 8.6
100 93.0 103.3 3.0 109 108.9 9.4 104 101.5 5.4 86.7 89.6 7.6
GE 500 474 96.9 4.7 445 90.9 8.9 502 99.2 4.0 464 97.6 6.9
1 000 899 92.2 2.1 870 91.2 9.0 929 95.9 32 978 103.0 7.0
2500 2387 95.0 1.7 2245 92.3 6.8 2308 95.8 3.6 2565 107.3 5.7

1) RSD 4350 2. 6%~12. 9% 1. 4%~7. 1% F1 6. 8%~ 5. MTH—-AHS, 2AHEMEIHY55 T3
9. 4%, 3% F W 4 [ B FE AL BV & 38 T sh ik kS % TR SN R AN GE & ' — B0, T TR 5, 3-
FE S, AT LAY D i TR AR A R By R 22 R T3 MCPDE ,2-MCPDE .GE (¥ P {43 5]} 0. 398~0. 903 .
TR 1Y) 55 2y R 0. 129~0. 229.0. 100~0. 336, 7 B P Fh 454 07 2 2 1]
HE—25 H FAPAS [ B B8 J1 56 3F & H ol # & i X 5 (L ANAFAE GE 22 22 53 (P>0. 05) .
7 #E,3 DR AR Y 45 SR 1 W 7 (Z2<2.0) 85 23R L
#5 AHIES TN E FAPASGE ) I

Table 5 Comparison of fully automated and manual methods for the determination of FAPAS

n o e Tk
IH b HIER/ (ne/ke) W7 (i g/ k) Zff W7 (i g/ k) 71
3-MCPDE 310 246+1.52 -1.1 250+7.57 -1.0
FAPAS 2658 2-MCPDE 149 144+4.1 -0.2 121+16.6 -0.9
GE 201 202+16.5 0.0 215+13.2 0.3
3-MCPDE 479 402+14.8 -0.3 401+9.87 -0.3
FAPAS 2667 2-MCPDE 213 206+2.00 -0.2 191+£17.8 -0.5
GE 671 686+18.8 -0.1 711+9.07 0.4

2.3.2.2 &4 Ashik S A E T ag X L B R K AR ) IS0 18363-4: 2021 1A J5 ¥E % 3

I3 0 R 0 A A AR E GRS AR ) (38 = PR BEZKCOP RS I T I 5E (n=3) 45 R L3 6.

F 6 ANIENE Jr ¥k H] 253l MCPDE 5 GE & i (pg/kg)
Table 6 The contents of MCPDE and GE in vegetable oil detected by different methods (pg/kg)

B 3-MCPDE 2-MCPDE CE
Fe il MK 10 18363-4 A HEZNYE WKW 10 18363-4 A EZY: WKW IS0 18363-4 4 [ Bk
ZEi 1 225:15.9 209+12.7 243+11.4 109£12.2 99+2.0 11025.1 19126.0 190+9.3 198+7.8
M2 1618+129.1 15402462  1710£66.3 769+27.4 77445.2 814+14.6  1012¢10.5  975+¢60.6  1216+93.4

A5 3 2412+120.2  2517+232.4 2 655+98.2 1157+52.5 1143+23.8 1287+x119.2 980+31.2 891+58.0 1192+156.5

7 180 18363-4 45 1SO 18363-4-2021

H 6 1,3 Aoy ke 3 Al e, ik gk 3 &g
AR —F0, IF AT 7 ¥ [ P L #2, 3-MCPDE | 2- A3 55 R FH 4 B FE AT AL 3T & S T
MCPDE. GE By P {H 3 [l 43 % 24 0. 111 ~ 0. 456, JE B MR o MCPDE F1 GE 19 A s ik 7 i, i 5%
0.08 ~0.919.0. 054 ~ 0. 618, % B 3 Flt )y ik il 15 4% 7 RE Wt s B R 28 R K A IR BE X TF A e GE & &
RZ BB AE G222 5 (P>0.05) , B 3 Fl 5 vk W52 MR, IF HEAT T 5 15 06 UE R 52 B AR b X I E o
BA R g5 W AN SRR b T (22 % 8/ (RSD
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H1.54%) AR TF 22 B 52 0 55, B AR, 4% 1k
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