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Determination of 7 kinds of antioxidant residues in edible oil by
QuEChERS-gas chromatography-tandem triple quadrupole
mass spectrometry
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ABSTRACT: Objective To establish a method for determination of 7 kinds of antioxidant residues, including
tert-butylhydroquinone, 2,6-di-tert-butyl-4-methylphenol, butylated hydroxyanisole, butylated hydroxytoluene,
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3,5-di-tert-butylphenol, 2,4-di-tert-butylphenol, and 2,6-di-tert-butylphenol, in edible oils by QUEChERS combined
with gas chromatography-tandem triple quadrupole mass spectrometry. Methods Edible oil samples were extracted
with acetonitrile, and the supernatant was purified using the QUEChERS method, followed by filtration through an
organic membrane for direct analysis. Separation was achieved using a HP-5MS chromatographic column, and
quantification was performed using the external standard method under electron ionization and multiple reaction
monitoring modes. Results The method effectively distinguished the 7 kinds of antioxidants, including their
corresponding isomers. The target compounds exhibited good linearity and peak shapes within the range of 1-300 pg/L
(r*=0.99). The limits of detection ranged from 0.11 to 2.77 pg/kg, and the limits of quantification ranged from 0.36 to
9.23 pg/kg. The spiked recovery rates ranged from 72.51% to 116.33%, with relative standard deviations of 0.36% to
5.82% (n=8). Among the actual samples, 2,4-di-tert-butylphenol had a relatively high detection rate. Conclusion This
method is simple, accurate, and capable of effectively distinguishing tert-butylphenol antioxidants, making it suitable for

high-throughput detection of multiple antioxidants in edible oils.
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Fig.l1 Alkylphenol antioxidants
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2,4-DTBP. 2,6-DTBP(ZlifE ) =99%, JEHE N 100 pg/mL,
LRSI R A PR F), LER(EEEE =99.5%) . ZUK
(NH; 55 25%~28%)(E 2545 b2 BRA R
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BHT #l 2,6-DTBP #rifEfh, BiGsiEEAE 10 mL,
—18 °CHENCARLT
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JA 20 mL ZJE B AEREL 2 min, .0 1 min, B 18 mL |
HWIMA 100 mg N-N3EZ i (N-propylethylenediamine,
PSA). 50 mg £ A1k JA 0K [ 7] (graphitized carbon black
adsorbent, GCB). 100 mg C,5 1 300 mg MgSO, AY 15 mL &.(»
&, JAHE 2 min; L3900 r/min B0 2 min; MEFII2 mL E
TR, 14 0.22 pm AHIARIERE, GC-MS/MS M5E 54T
1.3.3 AFAARE & H &
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134 LBEH

a3 HE: HP-5 MS BA1EH(30 mx0.25 mm, 0.25 um);
THEFERF: 60 °CI#4F5 1 min; LA 20 °C/min FHEZE 140 °C;
PL S °C/min FHEZE 180 °C; Ll 20 °C/min FHEZE 280 °C{f
$F2 min, SHHE 20 min; $EEE RS 280 °C, i 1.0 mL/min;
PEAERE 1.0 pL; R0 R .

BTk 4 h: PR R EIRERGT0 ev), & FIRIRE
300 °C, LML 280 °C, £ R M=, HHAASE
W3R 1.

x1 THREAXFREITSH
Table 1 Mass spectrometry analysis parameters of
7 kinds of antioxidants

PREIE s RtugFaf  EPERS TR R

&7 1] /min (M) (M) eV
BHA 933 180.1-165.1 165.1-137.1 10, 10
BHT 9.61 220.2-205.2 205.2-145.1 10, 10
Ionox-100  13.84  2362-221.2  221.1-131.1 10,15
TBHQ 1032 151.1-123.1 166.1-151.1 5,10
2,4-DTBP 9.62  191.1-175.2 192.2-57.1 10, 10
2,6-DTBP 8.63  191.1-163.1 163.1-147.1 5,10
3,5-DTBP  10.00  206.2-191.2  192.2-164.1 10,10
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Fig.2 Extraction efficiency of different extraction solvents

W 3 s, FEOFFEHRT TR R R 201 5 1E
ChE(ak LR LT)IR G SR BUCR . HIEC kelE N
MR T O IR O, RERSTS 3 5w AT AL 51
B, NS IEC BRI 2:1 B, HUE s

BRECR IR AL, BEH LI AR LT i b, [Ty
FANLREAR . 55 B— ] S A A ORI L, 5 0E
CLLE A TR S I DO B R SRR T IR A 22, EIE N 1A
WFF AR S 20 o R, ASBRFERE P LA A OA )

=TBHQ mBHA =2,6-DTBP

mBHT u3,5-DTBP

140 ®lonox-100 ®2,4-DTBP
120
=100
v 80
g 60
40
= 20

0 N v N 9% %

: b ¢ ; N !

o N N o O N &
WO oW & & K
P D D A

PR S L R S
1}@ 1}@» 1}@ & v @;{l} %/_l/
v v v
FEBUEF

K3 REHOIRIUICR

Fig.3 Extraction efficiency of mixed solvents
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Ak A A7 AE AT BEXT T TR A Bl 40 T s A 2
Moo g T HGBRASIN ARG AL, RS AT A A Ak R A [
MIZEHEL . QUEChERS L HIEEIR B 5 (0 i3k 2, BB
B BRTE S IR b R B, BB A
R BREE IR AR A5 KA T 0, (RIS FE R K
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VTR AT PR R Y s 2 et 78 & =
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AR GC-MS/MS #4750, FTLIAEHEZY], BHT

2,4-DTBP Z£ IR (£ FH i i (2 RR I AN SRR 25 ) [ R IR,

PR T 70%(5 5 43 %0); TBHQ AL 5 A X T HoAth 4t Ak
BTG, 232 Aib B R A ), R B — 2 1
Ve, bR AR BT 3 Ol 60%~80%; Hift 4 Rt
AR R B S AR . 43 #r & 81, BHT. 2,4-DTBP Al
TBHQ %7 AWMl T EE—EHR, X feEhF
C s [EIAHZEBURE XT3 3 R A S s SR RBOR AN, S 80L
FEGHEAE B BB ECR B A B ACMRI0, eAh, X T [mllieR
AT 4 FhPCAEALH, AR T 20 A e I U R R AR,
DLk G H ARG DBOR ) 35T %

QUEChERS LA N — Rl LR il BT AR FREE AR, oG
AR TR AL A S R AR ST e T T S Rl
R RIS 52 I . B3 20 mL BT HIBOR 433
fE WA R Eef, EREAUTR: A 50 mg Cig il
150 mg MgSOy; B. 50 mg PSA F1 150 mg MgSOy; C. 50 mg PSA .
50 mg C,5 Al 150 mg MgSOy; D. 50 mg PSA . 25 mg GCB I
150 mg MgSO,; E. 50 mg PSA., 25 mg GCB. 50 mg Cy5 Fil
150 mg MgSO,. 45 RuNE 5 frw, S PSA B C 1)
HAL R IF AT, PSA FI Cyg FULH-AHFH AR ISR A i
$25, (HXT TBHQ F12,4-DTBP X Fifi AL RITE B (A0 R
2RI P IESCRATER AR, TINA GCB ikl E RE A
BOE 23X EAR LA THR, ISR A4 = iy e Ak ]
W, BEAh, TR T E AR A P R A 2
SN, X 20 mL & 7 FTAARRI SRR, b R
B TCIEA S BRI IR Hh AR TR [ AR A R T T
S KU AT BT A AL VR F, 2 (Rl
. itk ABFE T 100 mg PSA . 50 mg GCB., 100 mg Cig
1300 mg MgSO, AL GAE R tiUIA R o 2 AT 1
FAZE IO TN BE B 38 (i, Ve i, JCTFERT Y
WARFIRL AL AL BR, X TR 4 . BER IR & T,
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Fig.5 Effects of different purification systems on antioxidants in
edible oil matrix
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LOQ 7£ 0.36~9.23 pg/kg Z[H], 455 UFRH T @ ki Jr ik
HA RS RS RA R Rl S, 0T AT R e R TR
SRR, 1EAL, RFFTEs R E R T IR 7
PP A LRI RIS TR0, ME $5/NF 20%, &
T A5 S IR 8IS, e &AM s prad fi b
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Table 2 Linear equations, MEs, LODs, and LOQs of 7 kinds of antioxidants
Y3 S 2% 5 I R B A HERHTD  MEs/% (I;EEZ) (I;g/?(:)
BHA Y=2.10x10°%-2.35x10° 0.9994 Y=1.86x10°%-9.38x10* 0.9995 -12.90 1.59 5.32
BHT Y=1.40x10°%-6.79x10* 0.9985 Y=1.34x10°%-6.32x10* 0.9978 —4.48 0.61 2.02
Tonox—100  Y=1.12x10°%-1.52x10° 0.9994 Y=9.41x10°X-4.89x10* 0.9985 -19.02 0.18 0.62
TBHQ Y=1.66x10°%X-1.80%10° 0.9997 Y=1.50x10°%-1.32x10° 0.9974 -10.66 0.53 1.77
2,4-DTBP  Y=3.81x10°X-5.65x10° 0.9999 Y=3.38x10°X-7.74x10° 0.9998 -12.72 2.77 9.23
2,6-DTBP  Y=1.86x10°X-1.35x10" 0.9977 Y=1.74x10°%-1.99x10° 0.9997 —6.89 0.11 0.36
3,5-DTBP  Y=1.13x10°%-1.07x10° 0.9955 Y=1.04x10°X-8.75x10* 0.9987 -8.65 0.79 2.62
gloo[ 8377\63 2.6-DTBP E‘Jﬁ?&?ﬁé?ﬁ?&, #E%@%#FTH%??WWK%&@
2 95585 90 930010511011 SZ0STA0Ti5140 T 8 RESRE . R EE L FICE(R R T BORFR, #
{5 B2 15 ] /min SR 8 YA T A8 A A X B vEE JF 22 (relative  standard
Swor o PTh deviation, RSDsDRF L. 45N 3 TR, 7 R ARG
E 8.0 85 9.0 9.5 1({)7%);0&;[}@1)011.512.012.513.013.514.0 (R 72.51%~116.33%, RSDs A 0.36%~5.82%. 45 4
100 g 24DTBP W, Ay BT 7 RGN R EA A A A [
e [8.'0 85 9%:}9&:‘%}01}'.512'.012'.513'.013',514'.0 i?jﬁ%fi VT RIE T B AR R LAY 2 B
== min o
SO el T s shens
E 8.0 85 9.0 9.510.010.511.011.512.012.513.013.514.0
PR E3 15} ] /min K AW G ST A A BT v, R A iR T AN R BT
Shoo R 10 SIDIBP g i AE e . R R . R LR
2 07508500 9510.010511.011512.012513.0135140 Fokilh . SERFIh 6 Fh A FIRE SR BERLIG SO B T AL
PR B F]/min FAG 2, ARSI T 20 HEK. SERER, 1 2
= S P e BRI R R T BHT, JOER A
E 8.0 8.5 9.0 9.510.010.511.011512012513.013.514.0 0.85 mg/kg. LAk, 2,4-DTBP KK S AXT =, 2015 47%,
o PRIl i fonox100 I 092 meke. MK RILAEAR T
2 Of S e s | TR . X —RIIER T A7 L AR M A
E 8.0 85 9.0 9.510.010.511.011.512.012.513.013.514.0

A P IR ] /min

K6 7 R e gl (150 pg/L)
Fig.6 Chromatograms of 7 kinds of antioxidants (150 pg/L)
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Table 3 Recoveries and RSDs of f 7 kinds of antioxidants in samples

I 10 pg/kg

I 20 pg/kg RN 100 pg/ke

B A AL 2 FR
Bl %/% RSDs/% BT /% RSDs/% B /% RSDs/%
TBHQ 88.51 5.82 90.42 4.46 109.87 1.62
BHT 75.66 2.87 78.01 2.09 81.86 0.84
Tonox-100 116.33 1.19 104.65 1.10 105.71 2.51
BHA 87.86 5.06 91.53 223 103.63 1.09
3,5-DTBP 106.53 1.65 94.04 1.63 98.23 0.36
2,4-DTBP 84.55 1.23 89.53 2.66 102.89 0.73
2,6-DTBP 7251 1.81 80.75 3.94 85.47 2.30
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