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G T 5L 25 A IR BT 53 e, W 313000)

B E: B8 RASTIER AR 2240 5] (enhanced matrix removal lipid, EMR-lipid)#) QUEChERS &k
A, BB O AR 63 - BB 6 T % 15 (ultra performance liquid chromatography-tandem mass spectrometry,
UPLC-MS/MS) [R] s} 465 30 £ FF A 40 9k P AT 3 X6 2 56 11 5 ik (buty] hydroxyanisole, BHA) . # T 3&Xf 2K .l
(tert-butyl hydroquinone, TBHQ) ., 2,4,5- =F2 37K T ill(2,4,5-trihydroxybutyrophenone, THBP) , 7% & F & N EF (propyl
gallate, PG)., 2,6- 4 7T Jk-4-F2 F ELIK ) (2, 6-di-tert-butyl-4-hydroxymethylphenol, Ionox-100) 5 F-& Bt A AL 719
Kl 75k s MR CIEHIBCR EMR-Lipid BRAREHE, Cis GUEAE S35, SR S RUKAE R i s AR S BV ,
)ﬁiﬂ%%”ﬁ%ﬁgﬁmﬂﬁm'ﬁﬁﬁ(multiple reaction monitoring, MRM)#EFT#6: 43-H7 o KR 5 MHiEATIE
0.05~5.00 pg/mL Y N6 R RIF(r=0.993), fiHBRA 0.01~0.08 mg/kg, 7E 0.2, 1.0. 5.0 mg/kg 3 MAR[RIEK
JEIMFRAKF-B-F- 2 B Ay 82.5%~103.6%, HHXTFRHEN 224 1.7%~6.8% (n=6). LW ATy I& A AR BR A LR |
LAY, 38 A TS BHA. TBHQ. THBP. PG #il Ionox-100 £ BB AL KR .

K#iA): QUEChERS; K145 BUNR T 23 BRI, A S 0RO (i - SR R BT, A Hose A5

Determination of 5 kinds of antioxidants in edible vegetable oils by
QuEChERS-ultra performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 5 kinds of synthetic antioxidants including
butyl hydroxyanisole (BHA), tert-butyl hydroquinone (TBHQ), 2,4,5-trihydroxybutyrophenone (THBP), propyl gallate
(PG), 2,6-di-tert-butyl-4-hydroxymethylphenol (Ionox-100) by ultra performance liquid chromatography-tandem mass
spectrometry (UPLC-MS/MS) with QuEChERS purification technology based on enhanced matrix removal lipid
(EMR-lipid). Methods Samples were extracted by acetonitrile, purified by EMR-lipid, separated on a C;g column by
gradient elution with acetonitrile-water as mobile phase, and detected by multiple reaction monitoring mode (MRM)
with electrospray ionization. Results Five kinds of antioxidants had good linear relationships (r=0.993) in the range

0f 0.05-5.00 pg/mL, the limits of detection were 0.01-0.08 mg/kg. The average recoveries at 3 spiked levels of 0.2, 1.0
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and 5.0 mg/kg were 82.5%—103.6%, and the relative standard deviations were 1.7%—6.8% (n=6). Conclusions This

method is simple, rapid and has good purification effect, which is suitable for the determination of BHA, TBHQ.

THBP. PG and Ionox-100 in vegetable oils.

KEY WORDS: QuEChERS; enhanced matrix removal lipid; ultra performance liquid chromatography-tandem mass

spectrometry; vegetable oils; antioxidant
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BHMARTEI L AF . (R P 5 32 200 . #i
Wit . < B A VE T A AR E AR BRIB S 5, R w3 AN
TG TR (A4 18k 58 5 %Ak SR AR & e SRR i T
PUEMBORAY . IASARBR, Bl 2 0 T A b,
T IR B 2 N T AR AL AR O BB R P I (propyl
gallate, PG) . 2,4,5- = ¥ 3 2K T @ (2,4,5-trihydroxy
butyrophenone, THBP) . X T #& X 2% = W (tert-butyl
hydroquinone, TBHQ) . #{ T 5 X} ¥& & i 4 fif (butylated
hydroxyanisole, BHA) . 2,6- —# T 3& -4- 5% H FL K B (2,
6-di-tert-butyl-4-hydroxymethylphenol, Ionox-100)ZP71, #f
KHFFRERM, S IRHTE MR BAT —E M EE AU E ], 10
TBHQ A3 DNA #1155, [ GB 2760—2014 ( {I %
A EGARE B RANRIBR AR ) xS e AL IR )
P R R B S TR E . HAT, AR BT
FARGHIN 2k SR A AR TR A - Tk R
VMR - BRI P R S R, BRAE
S, H LRI R AT AR ARG AR E
RO BRI . QUECHERS i1 N4E Horh A
AR PBRAE R, OB AE I B 35 A HL R
FERE RPN 3L T i R B8 2 B W B 57 (enhanced
matrix removal lipid, EMR-lipid)2&:— Fh AR 45 jih B 2% i 43 M
R 2B H bR 23 W W0 4 4 i BT A 48 5 LN S5t 25 Bk v Ak
RO HAT R S IR, RENS m kR . Ak
FrigRT. 5T EMR-lipid /9 QuEChERS HiAR LT
A8 e A B A AT A R A FETO)
AT R B AR T AR i b A 24 22 5% B ARG DN i Ak 2,
SRS T A8 e AR B, TR N TR A i Rk
SRR 434 A A5 fif /D DLARGE o ASBH SR AT A EMR-lipid 2
FRARW TR QUEChERS J5vk, &5 R Suiore (3 - HR I
i (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS), #57. T FE4ilhH 5 Fhbr & L7
PRGN ik, LAS AR ik vb G BT AR A ) R ARG B2 A
AR3Hfo

1 HR57®

1.1 FEUEE

Waters ACQUITY UPLC-TQD #A = RIBAH (i R Bk i
1%, Waters ACQUITY UPLC™ BEH Cjs f43i45(100 mmx

2.1 mm, 1.7 pm)(3E [ Waters /A #)); Allegra X-12R IR &3
B HLEE E DL 7S 2N H); TIKA-MS3 TR iETR & (T KA
AT, BS224S H TR (£ [ FE £ F| A F]); Millipore i#
4li /K HL(3E E Millipore 22 7))o
1.2 FEHRS5RF

5 MHTEALFIFRES: TBHQ. BHA . PG. THBP.
Lonox-100(ZE Y KT 95%, FE[E BePure 4 1)), HEE., &
& . WRR(f3%sk, 35 Thermo Fisher Scientific 2Yw);
EMR-Lipid QuEChERS MKt (3 E Agilent 22 7]); Cis
N-N %2 — ¢ (primary secondary amine, PSA)(H B} %
BB RD; S2EG KN Milli-Q #alizk; HAbitHs h
Sy Brali( b2 e kA a4 B |

FE AR T AR D (B 3Pl . KRR EAThAE).
1.3 XWIE
1.3.1  ARBIRIR 6 B b

S BIMERRARER 5 FhbT AL RIARAE S, FHH REA 2 25,
P il B 1.0 mg/mL PIARHERE &I, 4 °C T BB ERAE o 4371
IR AR G A BOE B, I SH A T R TR T ) R R
4 0.05, 0.10, 0.50, 1.00 1 5.00 ug/mL FrUEETR, 1ENIE
BhRiE R B T AR
132 #HSara®

FREL 1.00 g A4 T 15 mL B5.0% ., fA 5 mL ZJi,
TAE 2 min, A HEE 10 min, 4 °C, 6000 r/min Z5.[> 5 min,
B4 mL 25232554 0.5 g EMR-lipid 4k s (15 H
2 mL 7K{E4k), IRHE 2 min, 6000 r/min B.0> 5 min, BUFLIK
% 15 mL BO0ET, A 0.5 g To/KBIREE, WIE 1 min,
6000 r/min #5.0> 5 min, B 2 mL LI T 40 CF AR ZET,
JIA 1.0 mL 20%Z /K8 (V:V) 1, 1 0.22 pm 8, {1t
UPLC-MS/MS Jlll5E .
133 &4 %t

%k Waters ACQUITY UPLC™ BEH Cg (5541
(100 mmx2.1 mm, 1.7 um); #EFEHE 5 pl; 3R 35 °C; fish
AR 2K (A)FIZ B B); W 0.3 mL/min; SRR B
i, VEBFRRE 9 0~0.5 min 20% B, 0.5~2.0 min 20%~50% B,
2.0~4.0 min 50%~90% B, 4.0~6.0 min 90% B, 6.0~6.5 min
90%~20% B, 6.5~8.5 min 20% B.
1.3.4 Jigitt

BT %5 1 B T AR 2 (electrospray  ionization,
ESI); #5520 22 50 Wil (multiple reaction monitoring,
MRM); BANEHLIE: 3.5 kV; EEFIRE: 350 °C; Fib#
T 13.5 L/min. LG WESHLE 1.
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Table 1 MRM parameters of 5 kinds of antioxidant
Ew B TR (m/iz) SE B B X (m/z) HEALHLE/V i AR HL/V
164.0>149.1 20
TBHQ 164.0>108.0 164.0>149.1 45 26
179.0>164.1 15
BHA 179.0>149.1 179.0>164.1 40 25
211.0>169.0 18
PG 211.0>124.0 211.0>124.0 45 25
195.2>151.2 20
THBP 195.2>125.0 195.2>125.0 40 18
235.1>217.2 20
Tonox-100 2351160 1 235.1>217.2 45 26
2 HR5SH b TR ) R . 455 B8 PSA %I PG, THBP #4

21 BIEFREFRGHMK

15 ESI 2 AT X 5 R 846500 70 47—
PG A, P TR T B R s 2
Xt 7 (LA e PR 5 XA D i B ek 1, AR
AR R A T AL R T R e T, ARG A B B 2
Fe BAUEYIMRBESBOLE 1.

ABEFERT LT 3 PR SIAR(LIE-7K L Z05-0.1%H
BRI AN 2N -5 mmol/L HIRREE )X 5 Rt AL &
IR P S0 L SRR, ZE-0.1% M BRIEFRIAR T,
FAE IR AR, Z05-5 mmol/L HREIRIIAR T,
HAAYERBIEERIGE, MELK-KERT, &4
G Wit p i R AN N A . Ik, ABFTOR
AR ARSI B 1 2 AR BOmbR A al
FE PR BB TR GG

1.2x106 E
< 8.0x10° [
i
o
H-’ S5
R 4.0x10° D
A
L g
0.0 )
0 2 4 6
£ B 5} [ /min

1£: A: PG; B: THBP; C: TBHQ; D: BHA; E: Tonox-100,
BT A Y SR BOMARRE b S AL S R R g
(1.0 mg/kg)

Fig.l Total ion flow chromatogram of each compound in blank oil
matrix spiked sample (1.0 mg/kg)

2.2 BUERHHTE

IEE A QUEChERS b3l 238 i T3t L PR Ay & .
AR LT 3 FhoA &AL 44 (PSA+MeSO, |
C s+tMgSO, I EMR-lipid+MgSO4) % AH 1 Absat: i 1Ak

R AR HER, IR R 30%; Cig+MgSO, Xt Ak Hh
S HUEALFI A FISCRTE RS 78.2%~90.3%, 1% PG A%
SRR, [EICRAS 2 35%; i EMR-lipid+MgSO, i+ fLiT,
5 FhB A AL A9 DR 43 BIAE 86.5%~98.2% (n=3)7EH -
I, H EMR-lipid+MgSO, kit (i IR AUR B, 3
IS ) Ak 70 20 B A I bR e A Ak L 4 g 2R
R 2.

125 58 PSA+MgSO0,
i [C1C,+MgSO,
V7722 EMR-lipid+MgSO,
100 | 5 5 =
7 M pd

S st 7 7
¥
=
B 5ol

25+ :

0
TBHQ  BHA  THBP PG Ionox-100

RFEEALRIH

B2 ARREGAEFILN 5 R B [ 2 (n=3)
Fig.2 Recoveries of 5 kinds of antioxidants purified by
different adsorbent (n=3)

AW HEE T AR i EMR-lipid k570 %F 5 Fhi R
AR, B 4 mL 25 (AR IO 4 B
A 100, 250, 500, 750, 1000 mg EMR-lipid, k5200
7K MgS O, B /K Ak AT 1) J 5T 1 VR o LA S5 T s v 80 VR AR 71
i T TR E AR W 04 T AL B, RD 3 BT AL N (matrix
effect, ME)WE N TTAN A [] F & 44 4b 700 % Bt A0 300 i A%
o MEHMIZIET 1, RUMEE P52 55 T AL
SEEGEEIREM, bR G 100 Al 250 mg B, &1bE
YIH ME B3/ F 78%, ROV, HSIMAZE 500 mg
KU LR, S YIH ME (HEETE 87.6%~102.8% L,
I EMR-lipid #+E5F 54 500 mg,
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23 ZMXRAME LR

Jie TR A A E R A TR, R vk B A B ok
0.05~5.00 pg/mL A RINESARE TR, EDLLE I
WSBR THATIE, KGRI LR 2. 25
REW, BPEALFIAE 0.05~5.00 ug/mL JEHEN AL R
BOBWRTET 0993, &iEXR BRI,

K FIFRHE 0.2 me/kg HIIARRESS, 2885043,
HEAT RAGOE W E, TH5E45 2K 1 R (limits of detection,
LODs) (S/IN=3), &5 KW 5 Fphr & 1L 7 09 & H R K
0.01~0.08 mg/kg, ik REEH .

Fz2 SHIREAFIMEIASE, LMEE. HXREME SR
Table 2 Regression equations, linear ranges, correlation
coefficients and limits of detection of 5 kinds of antioxidants

2.4 RMEKERMEEZEE
A3 BXE S USRI L AE AR IR SRR SR T 3 AN
EDMARACE FIMARSE58, FANKFE1T 6 REE MK,
S 359 [1] i & F0 A X B 1 R 22 (relative  standard deviations,
RSDs) L% 3. BuZ R EW, 5 PR 7E R Y
ER S 82.5%~97.6%, RSDs N 2.2%~6.8%; K EihH ]
R K 83.9%~103.6%, RSDs A 1.7%~6.3%; FEAE b [l
FH 84.2%~101.8%, RSDs N 1.8%~5.7%, J7 s B 4T,
2.5 SEFReEmAT

KRS 30 24 HER T SEF 0 . KOG IMATEE
TMAEIEA TN . RS SR B, A S M R A L
ARSI, Hd BHA K 1R, &6k 16.2 mg/kg; PG At
1 #tk, &tk 0.08 mgkg; TBHQ #iih 3 bk, &t
8.0~54.0 mg/kg, FEILT GB 2760—2014 FREFRIE.

feorty R ey R
= N
/(mg/kg) PN
én 'l«’e
TBHQ Y=1745.9X+110.3 0.995 0.04
BHA Y=4329.0X+297.4 0.994 0.02 AWFFEE S T QUuEChERS EMR-lipid %54 UPLC-
Gl v A b AR ARSI
THEP  Ye2073.6%.120.4 0995 008 MS/MS. I ECARCA 4 5 F i LA K
oG 49780 3% 15856 0,908 000 Tk TV IRBRERIE . P AR BRISEERCR
' ' ' ' U ASIZR AT RE, 15 TP BHA . TBHQ. THBP.,
Tonox-100 Y=30513.9X+6058.9 0.993 0.01 PG *ﬂ IOIIOX-IOO ﬁ?ﬂ%?ﬂ] E"J’Fﬁ‘iﬂﬂﬁf*ﬁo
#z3 TREERD 5 S HFIEWE KB RERZE (n=6)
Table 3 Rescoveries and RSDs of 5 kinds of antioxidents in different matrixs (n=6)
. , . SEFFih K AT
iR IINKAF-/(mg/kg)
EN 78 RSDs/% 5] 1 4 /% RSDs/% 1%/ % RSDs/%
0.2 83.7 3.4 84.2 2.7 87.6 3.2
BHA 1.0 85.1 4.7 86.8 3.3 85.3 5.1
5.0 82.6 2.5 85.7 3.8 84.2 3.8
0.2 85.8 53 88.7 4.9 86.8 4.6
TBHQ 1.0 90.3 6.5 92.6 6.3 91.5 55
5.0 88.6 5.9 87.5 5.2 87.9 5.7
0.2 90.4 42 94.7 3.3 96.7 2.8
PG 1.0 89.7 6.8 92.4 6.2 93.4 47
5.0 91.3 5.6 91.8 45 91.8 5.3
0.2 82.5 53 83.9 2.9 85.6 3.5
THBP 1.0 84.7 6.4 87.8 43 87.2 2.8
5.0 83.2 22 85.3 5.8 88.7 4.6
0.2 97.6 2.8 103.6 1.7 101.8 23
Tonox-100 1.0 93.4 43 96.2 3.4 98.6 1.8
5.0 95.8 3.1 97.8 2.7 97.5 3.3
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