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Abstract: A gas chromatography-tandem 'mass spectrometry (GC-MS/MS) method was established for the simultaneous determination of

2-chloropropanol ester (2-MCPDE) and gycidyl ester (GE) in various fatty foods in this study. The
e oils, bakery foods, fried- puffed foods and milk powder were determined by GC-MS/MS after the

3-chloropropanol ester (3-MC
3-MCPDE, 2-MCPDE and GE in veg
optimizatio e)Wtion, transesterification and derivatization of samples and conditions of GC-MS/MS. The limits of quantitation (LOQs) of

the fourtypes of food products were.10, 20, 50 and 100 pg/kg, respectively, and the total mean recoveries were in the range of 68.9% ~116.5%
with'the relative standard deviation (RSD n=6) of 2.11%~13.90%. The results showed that the samples had good linear correlation within a wide
linear range, and the correlation coefficients (R) were higher than 0.99. The proposed method had the advantages of high extraction efficiency,
good purification effect, high detection sensitivity and accuracy, which could be used for qualitative and quantitative determination of 3-MCPDE,
2-MCPDE and GE in vegetable oils, milk powder, fried- puffed foods and bakery foods.
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Table 1 Selection of mass spectrometer collision energy for
identification of 3-MCPD-PBA, d5-3-MCPD-PBA and

2-MCPD-PBA
iy HHT FTHT b i a

(m/z) (m/z) N
147* 91* 12
3-MCPD-PBA 196 147 9
91 65 15
150% 93%* 15
d5-3-MCPD-PBA 201 150 9
201 3 24
6* 1 15
2-MCPD-PBA ““% 1 77 15
| A P 91 9

E AR BT

HERE

2. GE %& FORE

B NG I B R T 70 34T T GE 4kl
3-MCPDE AT A ZAE . 4 HfcH] 3-MCPDE
H1 GE bt TAEBAE AN 20 pg/L+ 50 pg/L- 200 pg/L+
500 pg/L F1 1000 pg/L, INEN7S H LR LEgVE I 8
Fed, S HRE. B Az B CRAENIA I ZS 1B R |
AR BEIE . S50 ERM: GE TLifE= ¥ H
SRR, 1E LIRFTALEE A T ARRE 100%5%
1k 3-MCPDE [fiTA4E4. Rk, 7637 SEhrpt S
DU, AN T AR o B, — o F T E
3-MCPDE )& & (445 3-MCPED Al GE), —y it
M€ 3-MCPDE Al 2-MCPDE &, /oAl ZEmiE
BRI 755 GE ()& .

22 FERATAEARA

22.1 REEAFAHA

XTE I 50 TEER AL & S RREE &
DUSRIE AT T S2i, S0 GB 5009.191-20162 (i
AbFR TR B A S 7%, TR0 B A I N AL
TR LR (8:2), Wiky. IhMYEAL & AR
M IECKE, BT A RIEU O T A
. FIRfHAR R, DB REHEAAER, 75
WEN5min. 10 min. 15 min. 20 min. 25 min 130
min, HABSIGKMAEAA, SRR SR A
4 15 min Ff, 3-MCPDE & & & 04 T AR i K o
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WHFE R X [F— M AEA d5-3-MCPDE 9
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BRI TS 2 58 AR R 25
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Table 2 Optimization of transesterification reagents dosage

and hydrolysis time

FEAAA/ ML IR BS RIS /min - R

0.1 1712 0.5 994
0.2 2261 1 1841
0.3 3312 3 3312
0.4 4121 5 4121
05 5510 7 4954
0.6 5419 8 4871

- 9 3152

- 10 2215

FREEAN- BSOS, 3-MCPDE Jit 25 9Nk

=3 TR

%, GE HFTHF C-0 8, IANFEM-IK LIRSS,
B4 3-MCPD . FH R — Ptz ialofl, 7K AR
[ K2 SBUKME =4 3/2-MCPD [HIB&AR, M52
e (A I 2 SOV, R P 4 B S 0 S 1
iFE. LA 3-MCPDE NBFFIN 4, 1 EREA #ik7] F
Py R B U 24358 0.1 mL. 0.2 mL. 0.3 mL.
0.4 mL. 0.5mL F10.6 mL, 15 /KfERTE 50514 30 s+
1 min. 3 min. 5 min. 7 min. 8 min. 9 min ! 10 min,
Big 2z 48 S AR FH AN R e g SR e 2, i
AR FE BN AR B2 0.5, KRN [R]
7 min NEAFEAE, AP EELIG R AU
223 HTAALSA AL
FERTA RN Hge IIAATAR

& ATAma A AR S BB R A&,
REER IR 3,7 GrAm M AE TR AL, AUfTER
FPBA H& 0.2 mLy fi7A M E] 20 min, fTAEEN
0 Ci}, ﬁqu%% RIPSERLT

LILEER

Table 3 Optimization of derivative conditions

PBA #42/mL iR #7 A 18] /min 3% % PrAREC 3R
0.1 3351 : 5 213 30 3314
0.15 4152 3314 40 3815
0.2 5542 )J 4152 50 4215
0.25 5541 20 5641 60 5019
03 5538 25 5640 70 5991
- ¢ 30 5638 80 5990

23 AMEEEIE

4% ztsﬁ/z:%%%‘eéj\ B H s N
+ 3-MCPD=PBA # 2-MCPD-PBA,
Ffr CLAE =4 W VA IR B - AR 02 (TR 1
5 C/min, AREEANIHTF. R TIEEADT. 29
Ebr3A 2:1./5:1. /10:1. 20:1 L% 50:1 B GC-MS
R T B R B . SRt R oR: 7R,
SR 2 S P e 97 AR

RIPUERAG; A0 TdbREmT i etk iy DLUA 2 78
O3y, HIERUGRR. 28l MURSZIGHEERE 7 =ik
BEA TS
232 AN EARA

/1 mg/L FHEREMH, RESHFMIEE,
3-MCPD-PBA LA m/z 147 Al m/z 91 VERNEFE T,

SR:Nk e

d5-3-MCPD-PBA VL m/z 150 Fl m/z 93 VENEFEF,
2-MCPD-PBA Lk m/z 196 F1 m/z 104 VEABEE -, 34T
FEFRE, B A ERE R R T

2-MCPD-PBA

d5-3-MCFD-PBA

<
=
I
=]
B
=)
=
el

20I.50 ZO.I?S Ztl.(lﬂ 21 _|25 21 750 21 _I?S
1 3-SRBREEAAR. 3-RANEREEA 2- KB R TE MR E T
i
Fig.1 TIC of ds-3-MCPD-PBA, 3-MCPD-PBA and
2-MCPD-PBA
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/%&MCPD-PBA H, T TN m/z 147

Flm/z 91 (P FEREERE RN 12 V, m/z 196 Fl m/z 147,
m/z 91 Fl m/z 65 B NEEETX), HEREREE
W9 VA2 V; d5-3-MCPD-PBA 1, E&RE TXf
m/z 150 1 m/z 93 W ERERERE RV 15V, m/z 201 A
m/z 150 m/z 201 Fl m/z 93 e NEMEE 74, Higts
i RE R 378 9 V #1124 V; 2-MCPD-PBA H, E&
BTt m/z 196 K1 m/z 104 I EREEAEE N 15 V,
m/z 104 Rl m/z 77+ m/z 196 Fl m/z 91 e e M 315,
HA R RE R B9 15 V 1 9.V . SRR 22 I Wil
S, VHBR TR, 4 S A R AN
HERRSE o

L. R

ST
TN
S LA T A T (0
W, BRI (L AL B0, {5
PR 3-MCPDE Ml i 28 F1 3-MCPDE e = 52
fo. % GO-MSMS TG, LUTTREL  H s it
%%ﬁﬁﬂhgﬁii%%%ﬁﬂ)ﬁYﬁumﬁw
CE AT LRI 9 X BHTEEL, 20k
IR 2N T2, B 10 50 (5 HA R 1
Ko IR, NG R 4.

25 FEHEWEREREEE

AN E Y Wk ThVERAG & SRR
i 4 PR R, EERRIO . B4 LYk Rk .
EBARIA & SR B SRS, 3T T ISR AR
BEPESIIG o BEXTAFIRE SN 2~3 AN FHE AKCP AR
HEVER,  FSRIe atAT e, R NRIE AR 6 4
SPATRES,  BISCR AR R fE R ZE (RSD%) &5 50
%5,

® 4 MiPHERERMLMNSTE, &eE, BXRARLEER

;abl"c-z'?‘r Regression equations, linear range, correlation coefficients(R), and limits of quantitation (LOQs) of 4 samples

o o4y Elevr 2T E/(ug/kg) HMAEHR  EER/(ugke)
3-MCPDE Total y=5.242376x + 8.935409¢-003 20~2000 0.9998 20.0
Vegetable oil 3-MCPDE y =3.782797x + 3.03219¢-002 10~1000 0.9993 10.0
2-MCPDE y =2.672557x - 1.283747¢-002 10~1000 0.9993 10.0
3-MCPDE Total y =15.255671x+ 6.685904¢-002 20~4000 0.9991 20.0
Baked foods MCPDE y =3.989894x + 0.1290965 10~1000 0.9999 10.0
2-MCPDE y=3.387924x- 2.873646e-002 10~2000 0.9980 10.0
3-MCPDE Total y =5.641838x+ 2.967054¢-002 20~2000 0.9995 20 (100
Milk Powder(Fried
3-MCPDE y=4.106423x + 8.242594¢-002 10~1000 0.9973 10 (50>
and puffing foods)
2-MCPDE y=3.63914x - 2.365444e-002 10~1000 0.9996 10 (50>
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5 B MmHEMRH 3-MCPDE F1 GE FEERMNK T EBEREIE
Table 5 Recoveries and relative standard deviation of 3-MCPDE and GE in 4 food samples(n=6)

N~ AP 3-MCPDE GE
M ER REA S - -
Nugkg)  AEAughkg)  =kE/%  RSD/% AR (pgkg)  BIE/%  RSD/%
10.0 107.0 9.25 112.0 1.90
Vegetable oil Olive oil 50.0 0 96.2 3.09 0 111.6 0.89
200 109.0 2.76 91.9 5.39
20.0 98.0 8.71 116.5 1.82
Baked Foods Cake 100 0 114.1 2.11 0 1134 7.35
200 105.8 9.38 103.5 6.13
Fried and puffing 50.0 99.2 8.1 72.8 1.46
Crackers 359 21.8
foods 100 96.2 6.53 68.9 6.11
) 100 105.9 10.66 76.5 13.90
Milk powder Infant formula 200 36.7 911 276 11.0 6.5 530
s i3 2-MCPDE
Haxa it TR P
fuglkg)  AEAugke)  BKE/%  RSD/Y% <
10.0 88.0 11.40
Vegetable oil Olive oil 50.0 0 99.0 5.39
200 106.4 10.01
20.0 100:0 X
Baked Foods Cake 100 0 111.0 1.
200 94.8 7.63
Fried and puffing 50.0 93.6 7.52
Crackers 0
foods 100 873 6.95
100 96.5 5.01
Milk powder Infant formula 200 ! 381 1191

H 5 AT, UM [RIECRRE 5 PR [l v
[H7E 68.9~116.5%, RSD JEHEEI{E 2.01%~13.90%, J7ik
i 25 i K HERFRE BRI o

3 g
R SE A ol T A 2R SR BT AL B T HEAT T AR

1, SR GC-MS/MS WLl BAR L FI T [ KA £
n%fﬁf-% 3-MCPDE\ GE A.2-MCPDE & &) H 1.
AR MR, TRERE, WS, R
UPAE s, REDGI R R TR PRI, k2K,
THVEIAL € i FEFIRE 5 £ i 2R 55 B i h 3-MCPDE.
GE #1 2-MCPDE & tEE &R, NEmHr
3-MCPDE. GE #1 2-MCPDE & & (KR 5] 52 F
AR B S AR

B Lk
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