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Determination of five antioxidants in edible oil by QuEChERS - ultra
high performance liquid chromatography
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Abstract:In order to quickly and accurately determine the antioxidants in edible oil, a method for

simultaneous determination of butylhydroanisole ( BHA ),

tertiary butylhydroquinone ( TBHQ ),

dibutylhydrotoluene ( BHT) , propyl gallate (PG) and octyl gallate (OG) in edible oil was established by
QuEChERS - ultra high performance liquid chromatography. The sample was dissolved and extracted with

methanol, and the extract was tested on the machine after freezing centrifugation and purification and

separation with detergent. The ultra high performance liquid chromatography used acetonitrile — water as

the mobile phase for gradient elution, and the external standard method was used for quantification. The

results showed that the linear relationship of the five antioxidants was good in the range of 1.0 —100.0 mg/L,

the detection limits were not more than 1.6 mg/kg, the spiked recovery rate was 85.78% —100.85% ,

and the RSD was 2. 40% - 6. 01%. In conclusion, this method has the characteristics of simple

operation, good reproducibility and high sensitivity, and is suitable for the detection and analysis of

common antioxidants in animal and vegetable oils.
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M (BHA) 5T X 48 — % (TBHQ) | — T AL Sk
28 (BHT) (& F RN R (PG) MK £ F IR ¥ g
(0G) 771 G AL g £ & 7 i 0 R i 5]
1 A W 3 b, H R Rl AR 3l GB 2760—
2014 H g HLAE , 40 BHA \TBHQ . BHT 7& £ Ff i
BRI N 0.2 g/kg, PG 76 M B K AE
0.1 g/kg, & F PR & IS B A AR
PR30 25 25 10 2 B A (B ok — I A KUK
PR O 8 S PR o 455 A A6 P P B A AR
B AR i X T OR R I b B A S

ERiTIR=gaE R Sk /AR e el oAl N S R ]
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BLE AR, SR Bk 48 C18 A ZE U ek Js 1
BIUARSTIN , ¥ A ot 22 A WL 000 8 I 0 FH B e £
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QuEChERS ( quick , easy, cheap, effective , rugged ,
safe ) J&— B i DR AT AL BB AR, HLAT Pk | Ak
GU MER ST B N AR A
AACZIAR T B AR R AR AR Y T (R AE
SR YT RPT A A I b e N G D . AR
SCKF QUEChERS (R4 5 i A 1 7 5 3179, I 45
8 1 A5 TR AH 8 3 1SR DU £ A il BHA |, TBHQ
BHT PG ,0G 5 F 84k & i, B 76 0 & i
PO = R SR LB vk
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L1 55
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PG (4% 99.9% ) \TBHQ (£l i 99. 8% ) .BHA
(4lBE 99. 8% ) . 0G (4 i 99. 8% ) . BHT ( 4li ¥
99.9% ) 1 #E i, Dr. Ehrenstorfer GmbH /2 5] ; 1 fi
(3%l , 55 E BCL A F]; O (fakal) , 56 EE
JeFIRA T IECbE . A b (40 Hral) , ) AR P
T AT ZEERRPIKE (HC - C18) ik (40 ~

63 wm) &L i - N - NEERELE (PSA) W5, b i
LG A 5 C18 [ AHZE UM (200 mg/12 mL) AT H i
KIRFHATBR 27 o
112 U5

Agilent 1290 8 /=y SOBUFH 3543 (BT 78 B8 1
HI A6 ) &% F11 Chromeleon Dionex 3 f4) ; X — 30 /&
R B O L, 6 D5 s IR R A BR 2 7 5 Multi
Reax W JETR G & , 75 11 18 & 24 7] 5 Million Q i 26
K, K E BT\ s CPA225D + 1 p 2 —H § K
-, PR FE L AT
1.2 &RE7H&
12,1 FEahFrAL B

I2.00 g yiAET 25 mL SOBFELLAE R, A
10.00 mlL I (F2IBGA TR ) TR A, B 8 O AE O s i
RAA BIREE 5 min, A RO HLE O B
3 min(4°C,4 000 r/min) , B HLEEHE T -18C
UKAR V2 OR 2ok 005 AR Ja I B T R, R A I
1.50 mL F3EW, BT R A R4 (25 mg HC -
C18 +180 mg PSA) 11 2 mL ¥R} B0 N, #5) J5
AR & A IR % 3 min, & S min, THAWRTZ
Je b WG g AL
1.2.2 RifEfs FH A e il

Sy BIERFREL 0. 10 ¢ BHA , TBHQ ,BHT PG,
OG HRifidty, JH I H i HF E 75 2 100 mL pr 75
ST, FCHS 1 000 me/ LR A Fr HERE 5 W Il T
TBUE F AR R R 5 B HEA 5 0P G 53 00) i T g
1.0.5.0,10.0.25.0.,50.0.,100. 0 mg/L i& & HnifE(f
I
1.2.3 B R RGRA (0 3E 2 1

TRSIARBR VR R e W3 153702 0. 30 mL/min;
Syncronis AQ — CI8 & % 4£ (50 mm x 2. 1 mm,
1.7 m ) A 40 °C; JEAE R 3.0 s A6 I 33 <
280 nm,

x1 REEHEERBRER

A&/ min AF(K) /% BHH( 2N ) /%
0.00 65 35
1.50 65 35
2.50 10 90
5.00 10 90
5.01 30 70
7.00 65 35
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Py )5, AR AR DA 35 JEUBE, 5 o5 TR A LI R
AIRIAE 2 AL A W ARSI it b, 20 s L L
5 FRA PR (LA & LB A IE O b
WARSE A SIAE Y ) 45 20 mg/kg, HERHEE . &
i ST e 3 AT HILIA TR IR A il 1 i BOROR
CLUIAREICR N B8 AR ) |, 15 B $ IO 55 A )
O, HEARAE D BRI R 1. 2. 1 HiAR PR A0 1. 2.3
RSP TAIN, Z 2R WA 2,

®2 REGAFIEMLF AR EK RN (n =6)

AR R/ %
B PG —
H i —A e
BHA 89.82 86.22 81.89
TBHQ 92.79 86.40 86.71
A BHT 93.77 84.37 85.04
PG 88.81 83.17 88.29
0G 89.83 90.02 85.33
BHA 88.69 87.02 84.89
TBHQ 91.35 85.29 80. 13
$ it BHT 90.56 86. 88 84.93
PG 87.09 81.62 86.01
0G 88.41 87.69 81.78

Hi ¢ 2 Al RS B L SR e o R
VIR, 5 Bl S A0 0 s [ R 430 o 87.09% ~
93.77% 81.62% ~90.02% .80.13% ~88.29% ,u] Ifl,
SR FH R A BRI R B T I SO fe e, o AR
FEAE R RE 5 BT AL I FR A
2.2 HALH R E 6 AT

AR BT A A 2 RS U SR U A
AT R R AL EE A T, W i — 2 R BR L
W PRI S5 T f R v . AR5 R I HC - C18 A1l
PSA 2 Fofr i Ak 700 XoF $12 BSOBC IR A T R AT | R A A 25 Bk 3
FEHJT, 588 2 Fh e Ab 700 B BT AR R R [l
R (BN ZS AR, S RTS8 AE R bRk
SR 20 mg/kg) L IRIEBRGALFIASF A1, H A EEAE
ATRH R 1.2, 1 {7 AR 1.2, 3 @GS ik tT
R, 451 02 3,

H1 323 0] %40 24 HC — C18 ffHE7E 25 mg B, 5 Fh
PrAAALFINFR PN TE 89. 85% ~94.21% Z ], N
PRl oy % HC - C18 bt fie i 7K 5 24 PSA
FHH7E 180 mg I, 5 Fh Bt 4046 350 I 1 i 34
88.70% ~93.72% , kR e %k 4% PSA F i o B
Ko 25 TR B v A R B Rl 25 mg
HC - C18 #1180 mg PSA

®3 HUFIREX S MASLFMIRE KRR (n =6)

vfm HER Ik i %
LES e BHA  TBHQ  BHT PG 0G
mg
15 79.78 81.23 83.96 77.30 82.77
20 85.84 84.71 88.03 85.14 86.45
I:fs_ 25 90.02 91.88 94.21 89.85 90.31
30 87.11 85.34 86.72 87.93 89.09
35 81.39 78.92 81.49 85.02 84.85
160 81.72 83.27 85.98 80.77 78.56
170 84.49 87.92 90.29 85.80 82.39
PSA 180 89.09 92.14 93.72 90.12 88.70
190 89.55 85.33 88.96 88.76 89.89
200 84.87 79.99 80.72 82.62 81.78

2.3 AahtaeyiadE

ARIEEE T HEE - K O - K P EE - 1R
VWA E R SRR 5 Bt b7 3 B8R B2
IR T T S AN R A1, AR E 2D SR %
W 1.2, 1 RipAEHTVERN 1.2, 3 A58 A TR (25
AeAEh T 5 FHTAEAL AN F-34 28 20 me/kg) o 45
KL, A - 7K R shal, 5 Aok o B i i
by HLAa s L 1,

2251 PG
200
175
=150)
E 125
= 100
 o7sh BHT
= ok TBHQ BHA
i N Jk
A LS L 1 L J
0 1 2 3 4 5 6 17
5[] /min
B1 ZB-/KARhEERmiREFEREE

2.4 TrRARMK RAAEHIR

Wt 1.2.2 Jrk el i 5 Fhb S ALFRITER & br i
R 1.2, 3 Rk S5 b i, DAt AL )
VR FE () AR AR A , LA I L 04 T AR (y ) SR A4
br, bR ERT 22, A 3 A5 (5 LE ( S/ ) ARG Y B
(LOD) &5 3k 4,

H & 4 AT, S i L FRIAE 1.0 ~100. 0 mg/L
Jo e v FE UL PN 5 e T AR R AP R DG R R MEAH
KHREAE0.998 4 ~0.999 6 Z[A], J7 kit FRIA
KTF 1.6 mg/kg, HALT GB 5009.32—2016 H14H i
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®4 S HEEMFILERIATTIE LMEE BN HR

DA 2Rkl 75 A LES (U LMV (mg/L) Hi R/ (mg/kg)
BHA y =0.007 6x +0.038 6 0.999 6 1.0 ~100.0 1.5
TBHQ y=0.018 9x +0.041 5 0.999 0 1.0 ~100.0 1.6
BHT y=0.014 0x +0.023 2 0.999 1 1.0 ~100.0 1.5
PG y=0.105 4x -0.035 9 0.998 4 1.0 ~100.0 1.6
0G y=0.013 1x+0.104 8 0.999 2 1.0 ~100.0 1.5

2.5 FikmirEE SR EE
I AE S Y A S 3 AN A BT A
FUbRAESS , #52 1. 2.1 Jy b BRRE A AN 1.2.3 @ik 2%
PEIEAT R, T 550 AR [ e 5 A X AR v e 22
(RSD) ,Z5 R W% S5,
F5 BB EERIR IR TR EBE (n =6)

FEREA IR S ARG T AT
*6 LHEHRHNAEUFISENELER(n=3) mg/kg

B BHA  TBHQ BHT PG 0G

B BInKE/ A PRI
A (mg/ke) [/ % RSD/% [HIIkR/% RSD/%

A6 1

e 2 3.45

AEA 3 5.15
JEAIH 1 10.00
JEFIH 2

VAR 3

KEm1  8.26

K2

K3

B <SB! 8.85

FE AT 2

$im 1 5.59 4.85
Kl 2

2 FFRR AR
XEFAR LAY 6 FErh A1 1 (o ARAS B
SR RIRERD >R ] GB 5009. 32—2016 25—k Ak
WO 32 CRITEA A BOE A4l ) dEAT RN, O 5
ARSCRB IR R AT OB AR WA T
R7T EHRFESECRBF EZEMERILE (n =3)

10 86.78  5.77 86.85  5.22
BHA 20 88.29 3.26 90.10  4.05
40 93.22  2.78 93.75  3.05
10 87.62  6.01 88.77  3.82
TBHQ 20 91.36  3.89  90.82  4.04
40 97.59  3.05 95.64  3.87
10 89.54 4.85 89.54  4.21
BHT 20 94.22 4.04 91.09  3.24
40 100.85  3.56  90.52  4.35
10 86.78  5.29 89.78  3.24
PG 20 89.19 4.27 88.12  3.57
40 92.13  3.92  87.89  2.97
10 85.78 4.71 86.74  5.12
0G 20 90.51  3.55 87.95  3.54
40 94.25 3.79  89.82  2.40

B3RS AL Sl R ) A a5 R ek
FI 0 A% 5] e # K 85. 78% ~ 100. 85% , RSD Ky
2.78% ~6.01% Kyt (JEF) 5 Rt A A7)
(bR B3R TE 86. 74% ~95. 64% Z [i], RSD
2.40% ~5.22% o ATV, 3% 05 s A A i 32 47
TR L 2 AR R
2.6 FEFRAFEEAAN

SR AR S 56 7 12 %00 24 b T 37 A HL I 3K 1 13
PyFESR AT S BT S r kIl , 25 SR L3R 6,

R 6 AT 13 (p ks, B S Iy AR A R 1
FhBC A, A 1 A 2 Ao k), Horp
TBHQ .BHA BHT £ it} 4 5. 5 1, — L8R ]

ik KR ITIE
fih R s o WESR Lol
(mg/k) (mg/ke)

FEEMT e R Kot

16492 TBHQ 3.63 5.76 3.45 4.98
A3 06 4.87 5.23 5.15 4.42
AN 1 BHT 10.62 3.78 10.00 2.92
K&l 1 BHA 8.82 3.05 8.26 3.74
FoKkyh 1 TBHQ 9.29 4.82 8.85 4.33
i1 BHA 5.94 5.09 5.59 4.67
i1 BHT 5.13 4.19 4.85 3.63

HIZ 7 A, A SO 7 WA AR I A€ 45 R A RSD
i L5 GB 5009. 32—2016 25—k AR, I A
SCIRE 5 6 RA — e k.

3 & i

ARG i QuECKERS — i3 A0BAH (3 1 57
IRl iFI 72 £ Al B BHA TBHQ \BHT PG FI OG 5
iy FPURAGIR 7k o Al R B A SR IUR
FEBGR AV VRO, BRI R L s, HEA
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