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Table 1
( BHA) and tert-butylhydroquinone ( TBHQ)

Multiple reaction monitoring ( MRM) conditions for butylated hyolroxytoluene ( BHT)

1 o

butylated hydroxyanisole

P1/P2

Retention time Precursor ion Product ion P1/P2 Dwell Collision ener,
Targets ('min) (m/z) (m/z) (ms) (eV) gy
BHT 7.9 180 165/137 100 10/20
BHA 8.1 220 205/137 100 15720
TBHQ 8.3 166 1517123 100 30/20
2.3
1.0 g 15 mL PE 0
3 mL
o 500 pL / (1:1 v/V)
10 s 6000 r/min 5 mino (150+10) pL
250 pL 400 wL o
3
3.1
16
(1) : (2)
» (3) o .
3 ° 50000 . e
S 40000 - 8% RRRRQ BHT
2 N | X BHQ
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E’@f 20000 g§:§:§§
£ 10000 | gf%i%f\
) o LZ P %
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1
_ (1:1 V/V) Fig.1 Influence of extractant on extraction efficiency
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2.0 mL o 3.0 mL,
3.3
10 ~300 s o BHA
BHT  TBHOQ .
o 10 s o
3.4
100 ng/g 5 ( RSDs)
4.0% ~8.3% o 10 ~2000 ng/kg (R%) 0.9942 ~0.9990,
S/N=3 (LODs) 1.5~2.4 ng/g .
DLLME-GC-MS/MS 4 2. e
. 78 18
Y BHA BHT TBHQ o
2  DLLME-GC-MS/MS
Table 2 Comparison of DLLME-GC-MS/MS with other methods
Extracti
Pretreatment Sample mass Detection method Extractant Xtri?;cmn LODs Ref.
(g ( min) (ng/g)
Methanol
Liquiddiquid extraction 3.00 HPLC-DAD (50 mL(): e >10 2000 7
Ultrasonic assistant liquiid— 10.00 HPLCUV Meth;nol—acetonitrile >85 500 8
liquid extraction (45 mL)
Ultrasonic assistant liquid 0.05 GC-MS/MS Acetonitrile ( 1 mL) >8 1~4 17
phase microextraction
Direct injaction 0.06 GC¥ID Ethyl ether (1 mL) - 100 18
r[;iizrr)::;iit\;zctiOn]i(qlll)i]rqil:lli\;l]Eid 1.00 GC-MS/MS ?/I;,(t)l(l)ai(}-l‘)—acetonitrile 5 1.5~2.4 This method
3.5
4 ( . . ) .
o DLLME-GC-MS/MS 4
( 3) 3 3 . 4
3 BHA BHT  TBHQ(20 100 500 ng/g) 83.7% ~115% 85.0% ~
118% 81.9% ~102 % 3. o
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3 BHA BHT TBHOQ o
3 4 BHT BHA and TBHQ

Table 3 Analytical results for BHT BHA and TBHQ in four oil samples

BHA BHT TBHQ
| Spiked
Samples (ng/g) Found Recovery Found Recovery Found Recovery
(ng/g) (% n=3) (ng/g) (% n=3) (ng/g) (% n=3)
0 ND - ND - 93.1+£5.5 -
20 18.7+0.2 93.6+1.1 18.6+0.2 92.8+1.0 112 +2 94.3+9.1
Blend oil 100 97.9+1.4 97.9x1.4 1054 1054 1755 81.926.6
500 505+12 101.0+2.0 480+5 96.1=x1.1 5748 96.2+1.6
0 ND - ND - ND -
20 16.7+0.2 83.7+1.0 17.9+0.3 89.3x1.7 19.7+0.6 98.7+2.8
Sunflower
seed oil 100 97.5+2.3 97.5+ 2.3 91.2+5.1 91.2+5.6 98.1+3.0 98.1+3.1
500 49118 98.2+3.6 479 5 95.9+1.0 482+4 96.4 +0.8
0 116+3 - 10.8+0.5 - 124 +4 -
20 134+2 92.7+7.6 29.9 x1.1 95.5 +5.6 144 +2 102+9
Sesam oil 100 213+4 97.3+3.6 120 =1 110£2.3 224+2 99.6+2.3
500 626+13 102.0+£3.0 494+12 96.6+2.5 635+13 102 +3
0 9.9+0.7 - ND - ND -
20 29.0+0.4 95.6+2.2 17.0+7.1 85.0 8.4 20.3+1.0 102+5
Olive oil 100 1155 115.0+5.0 1182 118 =2 92.6+3.5 92.6+3.8
500 511+8 100.0+£2.0 505+16 101 +3 427+8 85.3%1.9
ND: ( Not detected) o
.51
4 = ﬂ A
=)
& ol |
DLLME ~ GC-MS/MS 2 sl a
2 b
S N @] 0 C
BHA BHT  TBHQ o 7.8 8.0 8.2 8.4 8.6
Retention time (min)
. BHA BHT TBHQ 3 (a)
(10 ~2000 ng/g) (1.5 100 ng/g ('b) 500 ng/g ( c)
~2.4 nglg) ( RSDs<8.5%) Fig. 3 Chromatograms of real sesame oil (a) and
spiked with 100 ng/g ('b) and 500 ng/g ( ¢) each of
’ three compounds
1. BHT; 2. BHA; 3. TBHQ.
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Rapid and Highly Sensitive Analysis of Antioxidants in Edible Oils
with Dispersive Liquid-Liquid Microextraction Prior to Gas
Chromatography-Tandem Mass Spectrometry

XING HanZhu'> WANG Xia® CHEN Xiang-Feng® WANG Ming-Lin"' ZHAO Ru-Song"’
'( College of Food Science and Engineering Shandong Agricultural University Taian 271018 China)
*( Analysis and Test Center Shandong Academy of Sciences Jinan 250014  China)

Abstract A novel simple and highly sensitive method was developed for the rapid analysis of phenolic
antioxidants at trace level in edible oils. It was based on dispersive liquiddiquid microextraction ( DLLME)
and gas chromatography-mass/mass spectrometry ( GC-MS/MS) . Related important factors that may influence
enrichment efficiency such as type and volume of extraction solvent type and volume of dispersive solvent
and extraction time were investigated and optimized in detail. The optimum conditions were as follows: a quick
injection of 500 L mixed solution ( methanol: acetonitrile=1:1 V/V) into 1.0 g oil sample with 3 mL
n-hexane for 10 s of extraction time. Under the optimal conditions the linearity ( 10-2000 ng/g) limits of
detection (1.5-2.4 ng/g) and relative standard deviations (4. 0% —8.3%) was obtained. The proposed
method was applied for the analysis of 4 edible oil samples. Some of phenolic antioxidants were detected in
three of them and the recoveries of spiked samples were in the range of 81.9% -118% .
Keywords Dispersive liquiddiquid microextraction; Gas chromatography-+andem mass spectrometry; Edible
oils; Antioxidants
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