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Deter mination of synthetic antioxidantsin fish oil soft capsules by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of tert-butylhydroquinone (TBHQ), butylated
hydroxytoluene (BHT), butyl hydroxyanisole (BHA) and propyl gallate (PG) in fish oil soft capsules by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Method Using acetonitrile as
extraction solvent, 152 batches of fish oil soft capsules were handled with vortex mode. UPLC used acetonitrile and
water as mobile phase for gradient elution, mass spectrometry used negative electrospray ionization mode (ESI') and
multiple reaction monitoring mode (MRM) for determination of PG, TBHQ, BHA and BHT. Results PG, TBHQ,
BHA and BHT had good linear relationships in the range of 0.50~20 pg/mL with correlation coefficients more than
0.997. The recoveries spiked at 3 levels of 2, 8 and 16 mg/kg were 88.8%~94.2%, the relative standard deviations
(RSD) were 1.6%~4.2% (n=6), and the limits of detection (LODs) were 0.2 pg/kg. Conclusions The method is

sensitive, specific and accurate, which is suitable for the determination of synthetic antioxidants in fish oil soft
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spectrometry, UPLC-MS/MS)
(tert-butylhydroquinone, TBHQ) 2,6- -4-
(butylated hydroxytoluene, BHT)

(butyl hydroxyanisole, BHA) (propyl gallate,

PG4 , 152
2 MR5EE
21 # #®
22 U5
( , Merck ); ( ,
)3 L- (AP,
Dr.Ehrenstorfer >95%); TBHQ(Dr.Ehrenstorfer

GmbH s 40422, 99.4%, 0.25 g/ );
BHA(Dr.Ehrenstorfer GmbH s 40709,
98.8%, 0.1 g/ ); BHT(Dr.Ehrenstorfer GmbH R

31119, 99.5%, 0.25 g/ ); PG(Dr.Ehrenstorfer GmbH
, 31031, 99.0%, 0.25 g/ )
Agilent1290-6490 (

); MettlerToledo MS ( );

KQ-500DE (

); QL-866 ( )
23 SWHE

23.1 ARBEIER B

BHA TBHQ BHT PG 50 mg,

s 100 mL s
s 10 mL ,
s 0.5 1.0 5.0 100 15.0
20.0 mg/mL R
232 HdhAraE
2¢g, S 50 mL R
SmL  AP(0.1 g/L) s s
5 mL R 3 min,
s s 0.22 pm s
UPLC-MS/MS
233 @&t
)]
: Agilent Zorbax SB-Cg(2.1 mmx>100 mm, 1.8
pm); DA ,B ; 1
; 1 uL; 35°C
=1 BEERER
Tablel Gradient elution program
(min) Al% B/%
0~3.0 70 30
3.0~8.0 70—10 30—90
8.0~9.1 10 90
9.1~9.2 10—0 90—100
9.2~10.0 0 100
10.0~10.1 0—-70 100—30
10.1~12.5 70 30
2
(electrospray ionization,
ESI), (multiple reaction monitoring, MRM),
20 psi; 200 C; 14
L/min; 250 C; 11 L/min;
3000 V, MRM
2~3
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Table2 Mass spectrum parametersfor the analysis of antioxidants

(M2) (m/z) (eV)
211 168.9 15
PG

211 1239 20

165 148.7 20
TBHQ

165 107.9 25

179 164 15
BHA

179 148.7 25

219 219 2
BHT

219 202.9 35
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Table3 Acquisition parameters of time subsection for mass

PG TBHQ BHA BHT
BHA BHT MRM 1~2

2,PG TBHQ

spectrometry )
- 3.1.2 &L
(min) PG TBHQ BHA BHT ,
0 MRM To MS Agilent zorbax SB-Cig
17 MRM To MS Acquity UPLC HSS T; Cortecs UPLC Ci3
3.0 MRM To waste ’ 0.1% 10 mmoL/
5.4 MRM To MS , ,
6.5 MRM To waste , BHT ;
7.8 MRM To MS ’
8.8 MRM To waste . .
32 EEAXMEE
PG TBHQ BHA BHT
3 HBREHHR ,
31 FRiERHSEIERENIERE
301 SR A HAL '
MRM ’ ’
, 3.3 ZMSEEG H R
) PG TBHQ BHA BHT
, , 0.5 1.0 5.0
> 10.0 15.0 20.00 mg/mL,
, 250 °C, 11 L/min, , (X) (Y)
200 C, 14 L/min 4
R 3 ,PG TBHQ BHA BHT 0.50~20 mg/mL
ESI PG TBHQ BHA BHT , I 0.997,
s s 4 PG TBHQ BHA BHT
ESI : ) , 3 PG TBHQ BHA BHT

0.2 png/kg
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Fig. 1 TIC chromatogram of mixed standard of antioxidants
;B ;C ;D: 2,6- 4-
A: PG; B: TBHQ; C: BHA; D: BHT
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Fig.2 TIC chromatogram of sample
;B ;C ;D: 2,6- 4-

A: PG; B: TBHQ; C: BHA; D: BHT
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Table4 Regression equationsand correlation coefficients of 4 5 'I:ﬁ
antioxidants
4 , UPLC-MS/MS
PG Y=110867.295561X-6218.968077 0.9999
PG TBHQ BHA BHT 4
TBHQ Y =704.542184X-137.132852 0.9999
BHA Y =6608.040995X -122.010273 0.9997 , MRM
BHT Y =1004.449370X +9623.711835 0.9975 0.2 pg/kg, 88.8%~94.2%, RSD 5%
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9 5 5 9
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