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Determination of Glycidyl Esters in Edible Vegetable Oils by Ultra High
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Abstract: This study investigated the application of ultra-performance liquid chromatography-triple quadrupole mass spectrometry
(UPLC-MS/MS) in the analysis of glycidyl esters (GEs) in edible vegetable oils. By increasing the loading quantity of sample for pretreatment,
the analytical concentration of the target substance was increased while satisfying the detection requirements for samples with lower GE
contents. The elution procedure for the mobile phase was optimized to avoid mobile phase-induced loss of stationary phase and reduce the use of
organic solvents. As a result, the total elution time was only 15.2 min, which made the analysis more efficient. After the quantitative ion pairs
and collision energies were optimized in daughter ion mode, the multiple reaction monitoring mode (MRM) was adopted to quantify the five
GEs in more specific way. The minimum detection limit of the five GEs ranged from 0.0045 to 0.023 mg/kg, and the average recovery rate was
96.16%~107.02% with the relative standard deviation as 1.98%~5.74%. Accordingly, this method has strong operability, high sensitivity and

good reproducibility, and can meet the requirements for efficient, accurate and quantitative analysis of GEs in actual edible vegetable oils.
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VA S IE 1000 L/, AlFESAE 0.15 mL/min, H AT R EHURSI AL AR GEs 11
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Table 1 Mobile phase elution conditions TES M Bl DRI R, A8 BRI A 5
i 18 /min A% B/% % /((mL/min) TR AR Bk -

0 90 10 0.4 N T RATERTACER TR, BRI E
8.20 90 10 0.4 I AHAC R . PRI, AT L GEs & E#IS T4
821 100 0 0.4 PR AIRE VRN, i RS AR 7 AR
12.20 100 0 0.4 TV GEs A& 88 0.5 pg/g(5 7 GEs & &8 0.1

12.21 90 10 0.4 ng/e) IRFINRE &, FEFH FHISEUT Bl 208 LR (4:1,
15.20 90 10 0.4 VIVl — B B, B R ARIAE SRR 250
&2 FULEH mg/mL, f# PRS00 mg/6 mL; 1 g/6 mL)H ]
Table 2 Condition of mass spectrometry FHAUEAE % H K EAEER TR A, SRA 2%
GE  #&BFmz) F&HF(Mz) #dEH CENV (IBEREBUIEAT 78 e, LORAIE B AR RERS 58 2 h b
CLEOGE 31320 57 20 J ke, AT ECAS PR RIS 1) [T AH ZE U R R,
71* 20 HHELRS 9 500 mg/6 mL [ [ AHAE B Bk EAE A 25
CISO.GE 34130 57 22 mg, B/NEBAFA 3 mL; FUEE N 1 g/6 mL [ A1

71* 22 EROR EREE N 50 mg, e/ NERLAF N 6 mL.

CISLGE 33930 69 21 BARTT AR %A S A R 3

95% 21 R PR LUE H, SR BB RS [ A2
ClSaGE 33720 81 21 FER BA RUFIRTARERRCR, A EA [R5 i
95* 21 ZAF T HCREIA B FE A IR, T B 2 I H R 4711
CISAGE 33520 81 20 FISCR . ARYESLIGEE R, BRI &, LK
95* 20 T35 FEARRIES (8] AR, 98/ LGRS FH 0 A B
E: AREBT. TEJGSES2aG PR E 1 g/6 mL (AR AR BUR:BE T R Ab

H, PeBAAIFERN 9 mL, XAMYAENSTE53F H AR
AL, MRS Rl & SRS B A T 5
P, FAEAF ATV R BRI R 5, BEREHE X GEs
B B AR A A UK
R 3 RIALEEEM
Table 3 Optimized conditions and results of pre-treatment

2 BRESH

2.1 HTACE 7 AL

Mre 1 C18 FERUEATL 2 M#k 2: Silica ZERRAZATAL
ok A EER BT RBUA B/ CERTES EER Bk FEEA wkE’%  RSD%
/mL  /mg  AA/mL  RAEH L /mL F/mL  A/mL  A/mL
1 500mg  0.100 25 6 2 2 6 0.25 97.60 1.16
2 500mg  0.100 25 9 2 2 9 0.25 108.20 2.88
3 lg 0.200 50 9 3 3 9 0.50 106.80 2.12
4 lg 0.200 50 12 3 3 12 0.50 103.00 1.10

E: *RELZZAEE L.
X o . FIREME, XTRBIAH AL G T ot . JBAH A R EL
S K b AR N S Y £
22 A R R Rt oSy, S

22.1 REhARAEERBAL S Remg ke o0 BT S A RERORG B KM O R 2 S 8 &
S EM I, A rgs4S UPLC-MS/MS WEAREEE, AT K3 UPLC s A3, 1 FLis

296



MK EmBHL

Modern Food Science and Technology

2019, Vol.35, No.12

SURTLREEY HERYis; e ge skt AT cEEA 1Y N 1= ol 1T AT N
TR Bamsh MR RN, SEBLE AR GEs A=K
B LRI o

100
C18:3-GE
50 2.76 min
0 1 1 1
100
C18:2-GE
50 3.56 min
0 , X
100
C18:1-GE
50 b 4.94 min

0_—"—0—4\!L

100
C18:0-GE
50 7.58 min
. A .

100 -

C16:0-GE

50 4.42 min
I\

0

ST ERE /%

0 2 4 6 8
Fif 8] / min
&1 5 MRk EmEEFRERTE 200 ng/mL iRE TR BIEE
Fig.1 Multiple reaction monitoring chromatograms of five
species of standard GEs at a concentration of 200 ng/mL each
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Fig.3 Daughter ion spectrum of the [M+H]" ion of five GEs
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Table 4 The linear equation of five standard GEs
GE BRI (ng/mL)  EREE*%  RSD/%

C16:0-GE 100 96.47 5.73
C18:0-GE 100 99.63 6.08
C18:1-GE 100 97.37 5.58
C18:2-GE 100 102.00 3.40
C18:3-GE 100 102.00 4.18

E: oRERZ K EL TS,

FE N, (Matrix  Effect) &2 5 S & A 1 H
fib 2173 51 B 43 A A5 - B0 A0 O SR I R, Xy
LC-MS/MS 5 sl 25 SRAERA 118 el o SR A 35T
RN (Yo)=2 AR E AB VA FRIBRI E (> 100 A,
SrHIBC BRI 100 ng/mL [AEATIFREE S 3L Fibx
FEEHURLE, S9N 4 PR, Tofl GEs HOFERTN
BT 100%, FEBTNA LU, B, ASCE B
RHAMRERT 5 Fh GEs T E & .

232 “LKMHXA
75 5 MRk HIMBERIZ 512
Table 5 The linear equation of five standard GEs

KM

GE (ng/mL) Frofeh £y A2 R’
C16:0-GE  5~1000  y=2056x-1385.99  0.9998
CI8:0-GE  5~1000  y=1015.05x-1272.65 0.9995
CI18:1-GE  5~1000  y=1674.70x-1326.71 0.9997
CI8:2-GE  5~1000  y=1304.91x-887.80  0.9994
CI8:3-GE  5~1000  y=2089.1x-1627.56  0.9995

o A PRI — R 5150 B R P PR B A VA VA T
ERERGIN, XHBIRE R GEs BTy, FHARTE
PG 5 AN RRERNZE, 5 Fh GEs b fh 2 M5 R
FRUEIZE AR R BR) WAL 5, H R*$5>0.9990, 7
5~1000 ng/mL < FE 7 A 35 S I HH R P2t o
233 AHRkfTErk

RN, JEid UPLC-MS /MS 4344 572
ARG PR A PR, A AR A R A 3 R
ELI AR IR FE , s SR 10 F5 {5 LU AR A
TR EE .« [ LA GEs & B3 T4 H BRI S A 258
Jii, RS AREIARI 77 2R, ERAREUINAREE & 0.500
g WTIARFESEAT AT AL ER FE RS, 385 R i GEs
IbreE, 1SRRG AR HIRFE B, HAER
R 3 5 EME LU AR i GEs & &, J5iE
HIRA 10 fHEMLGE IARRE R GEs =, 4531
WA 6, HERATHL, ANEATH BN VA tH BR3S) RETs
JESHRAE 7K H S o SR b ORI o T AR v A 2
o BRA55R ) SIM AR R 2 Seiv ke e, (R
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ATAEERTVERIPEAL S MRM AR B RS A7 11
TR S Z A ECEEAR, SN A TS A A

K, X5 Becalski 28 A\ VL f MacMahon 22 A FIRTFT
gh . —ggllol],
24 FEEEE

DL GEs & s AR T H BRI S A D 2 A i 2

VE:

JiR, RERAFREX 0.500 g 7% FARE SR, 2 AR & bR
TRV, AR %% GEs FI & 88 0.1.0.5.1.0 pg/g,
TR VR TR AR, EREIISREE, HiHE
R, RN 7. REH, HEWCREEEET
100%, J#i/2 80.00%~120.00%[EI R o B R, H
RSD 4 1.98%~5.74%, IR RUF, FHiFfaE, %

FERHERA R RE

< 6 KURFIESMR
Table 6 The detection limit and the quantification limit

Wi HTIIESR .

ALEAS h FRAZ TR/ (ng/mL)

F EA & A TR (mg/kg)

GE FF BT (miz)
LOD LOQ LOD LOQ
C16:0-GE 313.20>71 0.24 0.80 0.0075 0.025
C18:0-GE 341.30>71 0.40 1.35 0.0045 0.015
C18:1-GE 339.30>95 0.61 2.04 0.023 0.075
Cl18:2-GE 337.20>95 0.35 1.19 0.0090 0.030
Cl18:3-GE 335.20>95 0.21 0.71 0.0045 0.015
R 7 5 ek HmERR I
Table 7 The recovery of five GEs at different concentration
EVLE /Y%
AAFE/(ug/g) GE | 5 3$ FITYn =SD
C16:0-GE 98.33 92.93 97.21 96.16 2.96
C18:0-GE 107.60 104.26 109.20 107.02 2.35
0.1 C18:1-GE 107.94 101.80 98.66 102.80 4.59
C18:2-GE 105.65 106.66 98.25 103.52 4.44
C18:3-GE 93.45 97.14 101.78 97.46 428
C16:0-GE 104.56 100.36 108.70 104.54 3.99
C18:0-GE 105.85 99.98 96.74 100.86 4.58
0.5 C18:1-GE 109.39 103.87 97.54 103.60 5.72
Cl18:2-GE 101.88 98.77 109.64 103.43 5.41
C18:3-GE 102.20 95.27 106.84 101.44 5.74
C16:0-GE 103.60 98.68 104.76 102.35 3.15
C18:0-GE 105.45 99.37 94.78 99.87 5.36
1.0 C18:1-GE 101.98 101.13 97.76 100.29 222
C18:2-GE 101.46 100.47 97.64 99.85 1.98
Cl18:3-GE 95.54 96.96 102.92 98.47 3.98
7 8 5 Méa/k HimBsa YR
Table 8 The GEs content of different edible vegetable oils
GE 4%/(mgkg) Iokibh LFuh Kaih FAh  TAOEe R0 A Kiiod
C16:0-GE 0.12 ND 0.15 0.14 0.03 ND 0.22 0.51
C18:0-GE 0.02 ND 0.05 0.07 ND ND 0.10 0.10
C18:1-GE 0.32 ND 0.21 2.38 ND ND 1.12 2.14
Cl18:2-GE 1.60 ND 1.38 2.02 0.10 0.15 1.30 423
Cl18:3-GE ND ND 0.07 0.33 0.08 ND ND 0.06
GEs 4% 2.07 ND 1.86 4.95 0.21 0.15 2.74 7.04

“ND” %% GE 421k T Fikt) 2
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2.5 P g R A0 A P 4 K H i B A A

P

FIFA T 250 8 B & AR A TR I, B
SR NER 8. HRFWLLEH, ILIZlFemH 5 Fh
GEs & EBUR TR AR e =R, Regkrt, X
AT RER A L2 R I 5 CO (R AR B 24 1M
J AP IERI ARSI, R L miRRE ",
MRS T GEs (17242 TR 7 Fudit psisAer=
()& YA S B A ANE 21 GEs, HiA T
K SRR feAE . KRB GEs S5
Ot 7 BB (EC)No 1881/2006 IR EFE . [F]
I DI R EAN R, H & AR GEs 1 LG
HAFEER, X5TH5 NRHRE R A,

3 ZHig

3.1 AR UPLC-MS/MS Az Sy 1 —Fhs R
FASHIN & FAE A GEs IR7YE, FESRShARA: B i
FEFP ARt L, ST T FR R AR A K R FE e i 7
%, SO 7 A E R S DR A P e P 5 A
Eb, AT7iER S R 4% UPLC ME R s, AMUgE
8 36E O FH T S PO I VR FE K8 5 S B0 B A AR 1Y)
MR, > T A NWERIR R, i HE A
8K tusl, AN RBAHEE E BE R T R
1520 min, FCEUA 702 PIEADTTL) T 31%[ A .
BESCEL T H bR GEs (1R300 25 LA T vemt, a6
KRAEHE 7RI [R] . ATFEEIEIE XS 5 F GE (1filhfE
REHEAT AR A DL 75 (e 8, #sE FIH miz
313.20>71 . 341.30>71 . 339.30>95 . 337.20>95 .
335.20>95 FE B X043 HIfEN C16:0-GE. C18:0-GE.
C18:1-GE. C18:2-GE. CI18:3-GE WIE & & X, 7
MRM 5 F AT e SR, 415 5 Fh4eKH- s
R ELRe Sk, R L5 Sl e BRI AT i B ALAS:
DUFTRE SR GEs MIMREE, 36 20T RE Sl GEs
(PRI E -

3.2 EILEHIE, TuFh GEs RPN IR T 100%,
B bR, B, ARSCEBER A AMRZERT 5 Fh
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