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Optimization of liquid chromatography for the determination

of nine antioxidants in edible oils

LU Xiu-Qing, WEI Yun-Ying, NONG Zi-Ming", MA Wei-Ye
(Guangxi Zhuang Autonomous Region Grain and Oil Quality Inspection Center, Nanning 530031, China)

ABSTRACT: Objective Clarify and optimize the detection methods for 9 antioxidants in oil samples. Methods After
dissolving the oil sample in 3 mL of n-hexane solution saturated with acetonitrile, repeat the extraction 5 times with 3 mL of
n-hexane saturated acetonitrile containing AP, and merge the 5 extraction solutions. Purify with a C18 solid-phase extraction
column, collect and concentrate all extraction and eluent together to 0.2 mL, and finally make up to 2 mL with acetonitrile.
Results 9 antioxidants linear relationship is good within the range of 1.0 to 60.0 pg/mL, and the correlation coefficients
are all greater than 0.99; the recovery rate ranges from 91.2% to 108.8%, with a relative standard deviation (RSD) of 0.6%
to 10.0%; the detection limit is within the range of 0.2~2.0 mg/kg, and the quantitative limit is within the range of 0.6~6.0 mg/kg.
Conclusion This method optimizes the extraction frequency, purification method, and elution volume, and significantly improves
the recovery rates of 9 antioxidants. The extraction frequency has a significant impact on the recovery rate of BHT and DG.
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1.1.1 R BRF A tept

OME (a4, 3¢ Fisher); 1FEC % ( (Oikal, 55
Fisher ); H /% ( f3% 4, 3% [# Fisher ); Cleanert S C18-N-SPE
BAHAE IO (2000 mg/12 mL, KEHAHCANR ); FL4£ 0.22 um
AHLRIER

9 LA MLANRAR ( FIEZEE ), 1000 pg/mL, B TR
(PG). 2,4,5- =T (THBP). T HX/ZE ) (TBHQ).
EH A mAIA R (NDGA), BT 5% #2315 75 f (BHA) .
2,6- T H -4- B ILZER) (Ionox-100), B TR TE (OG).
2,6-AUT HX IS (BHT), B2 TR+ 1% (DG).
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1.5 mL A4, 10 mL =

HR A I i A B )
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WHE 1000 pg/mL 119 9 AT AEALRIARAES T 10 mL =,
MW E R B ZIELL, #5], -18°C MLIRAfF

10 pg/mL 9 Frp A AL IR b ) A0 . HERIZIRC | mL 5
VR EE R 100 ng/mL (1 9 AL RIARERE &I T 10 mL 286
ik, FHWEERRZIBL, 5, -18°C GIRFE

1 pg/mL 9 FP AT AR T H] A2 . MERRURE 1 mL T
YN 10 pg/mL 1Y 9 FPTAAATIFRERE & T 10 mL A
t, HHEE R BZEL, $5, -18°C #OLIRAE

9 Fh T AL FIARE TAEWE : B HUE HEAY 100 pg/mL 9 i
SEALRIBRUE T I AE A, ORISR 1, 2.0 6. 10, 40,
60 pg/mL FRifE T A R FNEW (Bl 40 pg/mL 4 9 R
AR RS ETEILE 1),

mAU
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7. 1.PG; 2. THBP; 3. TBHQ; 4.NDGA; 5. BHA; 6. Ionox-100;
7.0G; 8. BHT; 9.DG

1 40 pg/mL 9
Fig.1 Chromatograms of 9 antioxidants with a mass concentration
of 40 pg/mL
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PEEC ERARBURA AR 1 g CRHIE 0.01 g) T
50 mL B0 T, A 3 mL L1 AT IE O bEiA R R
AHE 1 min, & 10 min J5H 3 mL & AP BYIE St fmy 2 4G
AR HEREEL 2 min, 3000 r/min 2.0 5 min, B CHEEICET
Ji— 50 mL B0, MEEMAS AP HY 3 mL EC LR
BRI 4 K, A6 5 IR, 15 BRRgE .

FARAC IR TG AL : 8 C18 A A UMV Lo it 2 g ok
BRmREN, T 5 mL RS LT, B S mL R F#idE T,
BTN R

Vedl s Bt R B IR 15 mL 20 - BB EE 2:1)
VEML, WOERAHS FARBCRIVEI, 7 40°C T LKE 1 mL 247,
R 15 mL 2R, i CIEEGE R 3 1k, I
40°C AR ERTF, HZHEEZE 2 mL, WHE30s, 2022 um A
BB JE 50 2
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LC 4 1. (% #:: ZORBAX Extend-C18 {4 #i% 41, #: K
250 mm, P42 4.6 mm, HifE S pm; FE#: 1.0 mL/min; A7
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35°C; Kp 4. 280 nm, #ERER: 5 ul; FEIE: 60°C fRFF
1 min, LA 20°C/min (3 £ 7+ 220°C f££F 1 min, L 5°C/min
PR 2 T3] 250°C {745 1 min, LA 20°C/min {13 & T} 5] 290°C
445 3.5 min,,

WA A: 0.5% WK, B: HIEE

PEBLBERE . 0~5 min FBIH (A) 50%, 5~15 min: JR3HAH (A)
M 50% [ ZE 20%, 15~20 min JiEHAH (A) 20%, 20~25 min: i
A (A) M 20% [ Z 10%, 25~27 min: Fi A (A) A 10% 34
% 50%, 27~30 min: FBIH (A) 50%.

2

2.1
HERH T 100 pg/mL 1) 9 FT £ LRI FR HEAE 25 0.40 mL
T 1.00 g SEHFIIARE P A TIOUE LSS, B InbR A 40 mg/kg,
SERTENLE 1,
IR T IR IS 56 45 S 0T LA HE 9 Rt 0107 [T
RBEE PRI e 2 G, ARSI 5 e, ek
BRARE 7Y,

1 40 mgkg 9 %
Table 1 The recovery rate of 9 antioxidants with a theoretical spiked amount of 40 mg/kg (%)
eAe ik
R e , ,
W3 (PO PRI 4 (DO PRI 5 (VO R IE 6 (JO

1 PG 93.6 96.6 104.3 102.4

2 THBP 93.3 99.9 95.8 108.2

3 TBHQ 92.9 95.8 96.7 98.5

4 NDGA 96.0 108.2 114.7 115.6

5 BHA 91.4 92.3 97.0 98.6

6 Tonox-100 101.9 103.0 107.1 107.3

7 oG 102.1 105.3 117.1 114.1

8 BHT 91.4 92.3 97.0 98.6

9 DG 79.4 82.8 98.9 106.4
2.2 U, AR RT 0.99, A6 BRI 2 FURE S bR 9775 5K,
VAWETE B PR, TV B S B A R bR 26, W DA R R FRERMR S 09 0 M ik, ISR LE 3 A5 Rt fR, 76

TR 55 A 0 R e B R AR R R, HARSE R A K
F0.99, MKAEL. kB BRFERRY) T % 2, 450 EH.
9 Fl g A AL TE 1.0~60.0 ng/mL JU I N, &Y RLEXRR

FrFEd: 1.00 g, FZOE AR 2 mL 19I5k, B4R 9 Bt
SR PR 0.4~2.0 pe/kg, SRFFM 9 FPT AL Hh BRAE
02~1.0 ug/kg, EREFRMLL 3 A4 I BRIFFAR T L

29
Table 2 Retention time, linear regression equation, and correlation coefficient of 9 antioxidants
B e T EE R _— -
(min) o B /(mg/kg) EE M /(mg/ke) o B /(mg/kg) EEM /(mg/ke)

1 PG 5.109 y=12.42534x 0.99959 0.4 1.2 0.2 0.6
2 THBP 7.963 y=13.43456x 0.99556 0.4 1.2 0.2 0.6
3 TBHQ 8.464 y=3.75304x 0.99842 0.8 2.4 0.4 1.2
4 NDGA 12.497 y=4.90455x 0.99909 0.4 1.2 0.2 0.6
5 BHA 13.674 y=4.44104x 1.00000 0.6 1.8 0.3 0.9
6 Ionox-100 15.829 y=1.48173x 0.99999 2.0 6 1.0 3

7 oG 16.707 y=9.87541x 0.99962 0.4 1.2 0.2 0.6
8 BHT 27.797 y=7.98966x 0.99945 0.8 2.4 0.4 1.2
9 DG 28.161 y=2.31516x 0.99997 0.8 24 0.4 1.2

2.3 AN EE R INARURE , $2 18 1.2.2 92D, B IMbRIR BEZKEI

PIAEA . SFFIm s BRSO e, AR INAR R 2 3 UK. SR AS SRR WIZ 7 e HAT R0 v B FURS 0,

TR R AL RIARIE A T, 15 B BTELKREE y 20, 40 1 80 mg/kg
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3 9 n=3
Table 3 Recovery rates and relative standard deviation of 9 antioxidants (n=3)
Jindr it
. N N 20 mg/kg 40 mg/kg 80 mg/kg
5 AkGaR hiEFk — — —
a TOUOPHERE  CPRMRRERE TR PR RERE  CFRERE PR bR R
(%) (%) (%) (%) (%) (%)
| G ACETH 95.1 8.0 99.5 5.8 103.0 23
B3 Sal]| 96.6 1.3 102.0 1.9 102.6 7.6
AEE T 95.9 3.9 104.4 8.2 93.2 3.1
2 THBP .
ST 92.9 0.6 96.5 1.7 105.7 8.0
A 97.2 5.9 95.0 6.6 105.3 2.4
3 TBHQ B
AT 93.2 2.0 953 24 97.2 9.4
AELEH 103.8 5.4 99.1 9.7 102.0 6.9
4 NDGA e
B3 Sal]| 105.1 52 105.7 0.7 104.5 8.7
AEE T 94.6 6.9 94.0 6.7 98.2 1.0
5 BHA s
AT 98.0 0.9 98.9 0.7 97.2 8.9
A6 96.1 3.7 101.7 53 105.9 1.0
6 Tonox-100 s
AT 107.6 2.0 108.8 0.7 104.2 9.0
A 102.8 2.9 100.9 10.0 105.0 2.0
7 oG g
B3 Sl 102.6 8.2 107.3 1.6 106.6 8.8
AE BT 93.6 8.9 91.2 5.2 96.8 22
8 BHT s
SEAFIH 98.0 0.9 98.9 0.7 97.2 8.9
9 DG AE T 98.2 6.7 94.5 5.1 94.5 1.1
SEAFI 104.3 3.7 95.0 1.0 93.0 9.1
1995-1998.
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S, FEEARGE 1 C18 [ AHAEBCMEBHE, 15 mL &
M P CARRRIE 2 - 1) VR, YR4E . A ENE ., 49RRY,
9 AL FILE 1.00~60.00 pg/mL ik P, hdAHx
FRBEIKT 0.99, 9 Firr U170 A 1] i 2% i 2 4 OO By 16 22
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0.6%~10.0% Z[8], AHX i 22 /N T2 10%, 1 /2 7 00 BoK
gi b, FrRARR T T b b 9 AT Y R AT

[1] M0, 2R, Tkt , 45 . SR E b 9 P sl b
Mkt 0], ZaflBl# , 2023, 51(07): 193-195.

[2] Z4RE , B4, Mirh . BB A R LB S R IR 4
A 0], T EEYSE SR, 2011, 17(02): 24-26.

[3] Sl , RIAH, 250808 | 45 . R RO (s xR R
fingal e 5 FhHTEALFIIE [1]. WAL RRE | 2023, 64(08):

[4] AR, RN , TSN, & . AT R Rh AP A L
SORIEST (7], BURE 5 |, 2022, 28(23): 164-166.

[5] & 507, skiEAE, £405 . B 4GP MR B I F b s
AP R TI A ATFFE U [J]. 1REN Tl , 2023, 44(10): 22-30.

(6] wik , BT, 2253k, % HrAALFIVEIPLEIBF T U (7).
H Rk |, 2004, 26(02): 74-78.

[7] &£, S e, FHEE, % . Hra b7 i vp g i 9], R
B5E , 2022, 35(04): 32-34,38.

[8] FZE , RIS, MINE , 55 . = ROBOMH C ik Rl s fal s v 5
Flf BB AR & e (0] PR, 2022, (17): 80-88.

(91 7, ARSI, XUHFIH . o5 380 AR 3 vkl & Tl 7
P LRI Fr i [J]. BURE L, 2022, 28(19): 190-194.

[10] X A7 . BT 5 FhG BT A R A 5 005 ).

HrERE L 2021, 46(02): 139-142.

BEFH, AN, BFFET5 kR i oA o

AT, TR, BEFET5 ) AR i AT





