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¥ FE: BEY A7 s SORH R - R EOR R R E 16 FhPT AL R IR R £ R /R O
(polyethylene glycol terephthalate/polyethylene, PET/PE)& & £ i Fe fill b4 KL L 7% 224K L 3% (VV)Z IR L 10%
CTEAMIRT X 4 B S R R I ik . R BERIRI SR A A X i B B T 16
Fie SR ISR IR . R ODS (i AERR BE DE B 4 B9, LA BEFIK VR i shARRR BEVE AR, 7E1E . 71 B 788
T DUH 55 R, 5 2 )2 o7 W A% =X (multiple reaction monitoring, MRM)BEATINE, AMrikER., GR 16 Fi H
FrAb -G WI7E 0.5~20.0 ng/mL & 2.5~100.0 pg/kg i [l N HA RIFIILIER R, MRREIIKRT 0.998, /KPR
UM GBRALK . 3% TR . 10%Z B ERFR A 0.1~1.3 ng/mL, HHEM & S 10 2 B RN 0.4~3.0 pg/kg.
f£ 0.5~10.0 ng/mL 1 2.0~25.0 pg/kg MARAKE T B934 BIRCR Ry 81.0%~112.5%, FHXTFRHEM2E R 0.4%~9.1%
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ABSTRACT: Objective To establish a method for simultaneous determination of the specific migration of 16 kinds
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spectrometry (HPLC-MS/MS). Methods The extraction effects of 16 kinds of antioxidants from olive oil food
simulators were investigated under different experimental conditions. The analytes were separated with ODS
chromatographic column using methanol/water as mobile phase for gradient elution. Finally, the eluents were
determined with multiple reaction monitoring (MRM) of electrospray ionization in positive/negative mode, quantified by
the external standard method. Results The proposed method showed good linearities in the range of 0.5-20.0 ng/mL
and 2.5-100.0 pg/kg with the correlation coefficients above 0.998 for all 16 kinds of target compounds. The limits of
quantification of water-based food simulators (ultra-pure water, 3% acetic acid, 10% ethanol) were 0.1-1.3 ng/mL, and
the limits of quantification of olive oil food simulators were 0.4-3.0 pug/kg. The recoveries at spiked concentration levels

of 0.5-10.0 ng/mL and 2.0-25.0 pg/kg were between 81.0% and 112.5% with relative standard deviations of

0.4%-9.1%. Conclusion

The method has high sensitivity and low limit of quantification, and can meet the

requirements of the specific migration limits of antioxidants in food contact PET/PE composite materials.

KEY WORDS: high performance liquid chromatography-tandem mass spectrometry; antioxidants; specific

migration limit; polyethylene glycol terephthalate/polyethylene
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HAT, B FR LRy . W LA R S
R s (polyethylene, PE) . 2P (polypropylene, PP), HXi
2 R Z W (polyethylene, PET). B4 24 (polyvinyl
chloride, PVC). BERERNS (polycarbonate, PC)25!'2! PET/PE
SAEMEHRFEA RIS . b mdr T2, i
A2 L THRIRME A AR, B2 TR AR ZF™ i
A2l SR S e AR A PR ) A AR R, T
AT R BB A A IR SRR it ) A R A3 i e Tz
AFSRHE A AR SR A S I B R A AT
G BTRALT, X R R R T RAR PR S 1 5
PR QR S L, RS b A B
YrnT BERL S AR S P R B B, MR RIS
Yt RET ). FoE GB 9685—2016 ( il % 2 E FARME 24
T2 flobA ok B il i FRVAS 0 70 e FAR o YRR 25 51 2546 4 (EU)
No 10/20 115551 4 7 SARHHL &S H o] RESERS IO Ak A AL i
AR ALY T R TR

Hr, EWNIME DG E XTI E PET/PE B4 &M
fi B4 R B A AL R R AT B B SCHRRIE, A R T
LA o i 2 fid b ) e S TR 2 B A3 A Iy i B
M3 (gas chromatography, GO)!'* M| A A (i - 54
I 1% 15 (gas chromatography-tandem mass spectrometry,
GC-MS/MS)!> P 20 #4332 (high performance
liquid chromatography, HPLC)!'* ™81 8 125 % W AH 2,135 1

o
=)

(ultra performance liquid chromatography, UPLC)!"2! &
WA 3 - H B BT 3% 9% (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/
MS)!T822) i 33 6y A 26 ) B ARG I T R4 590 28 i
10 00 A /0 A e PR VR P TRV, T A S AR
RO RE 1% R 3 B0IE B 4 BE S 3E 1 (ultra

il

performance liquid chromatography/orbitrap high resolution
mass spectrometry, UPLC/Orbitrap HRMS), 1] [f] fif Xif & Flr

BUAEERIEATR, 2% B REE &, ERBRAL, B8
S 2 X LATE 45 2K m X . (EEFR GB 9685—2016
AV M B SR, B F 2R AT R
A 2 R A7

AT IR T = OB €35 - FR R UL R BRI E 16
R AT SR X 2R — H iR £ /2 £ 45 (polyethylene
glycol terephthalate/polyethylene, PET/PE)%E &£ it ikt
RHER LK . 3% (VV)ZFE . 10%BERMHTTX 4
e S R E SR RS, DR E Sl
TGUEASRME—Fh R HERR . PRAEERARGIN Jy i, Xt
1R i BB AR 5 A R AR AR PR e

1 MR5ERZE

1.1 MR5RF

3% b 20 iy PET/PE & & & it i Il 38 46t i,
H X 28 31 15 T SRR 1 R 2 A 26 TR o T B 41t

F U3 2 K (polytetrafluoroethylene, PTFE)&| kit g %%
(AR ZAE SRR A A PR W) 1 mL WO RS G %
[ BiBEIF 8 (RN ABRA F ], Wl 205 L ZBR((
T4l S5 TEDIA 22 rl); B (e BTRn T A AL Rk £y
BIRAH]); 16 FHTEFRHEY) B [Hi% 657 DLTP (dilauryl
thiodipropionate) . HLAfLF 425, FLEALHF] 168, HLéALLH]
405, Préa b 3114, B bR 2246, PiE AT 300, Fid
63 697, HLEALF CA. B 245, HLAELHA 1290,
PrEALHR 1024, HLEALF CY. FLEALF] 1098, HLEALHA
1076, Hi%4k#] BHA (butyl hydroxyanisole), ZliEF>98%, 4
8F 3% [# Stanford Chemicals F1{&[E Dr. Ehrenstorfer /A ],
16 P e ERIIT 5 . WIFR . b2 2R A2 sCisic s .
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T AT B EE LR 1.
1.2 UE5EF

QTRAP 5500 —H PUHAT I (EE AB SCIEX 2
7l); Nexera =i SR AH EIEAL(H A S H A /]); L420 BI.0
ML e AL SEBGAL AR TE A R F]); Milli-Q Integral 10
HB 2K HL(3E E Millipore A H]).
1.3 FRERR

PRUERE A A TC T A0 S B AR 10 mg U4 Ak
DLTP. Hu4A b7l 425, Hrédfbil 168, Hrsafbiil 405, i
SAALEF) 3114 AL 2246 AL 300 BT 697,
BEfml CA. FLEILF 245, FrELHF 1290, HEALH
1024, HLEAALA CY . Hr&AAL 1098, PrEfLF] 1076, $iL
Ak BHA #RMEYI T 100 mL &5, FH BA -
ERBZE, BEFEEE N 100 pg/mL AR HEAG 2

TR A B o PP TRD VR A BC - 43 0 R A R B AR A i
W1 mL FR—4 100 mL 25 B0, i e 2 2 40,
BN B i BN 1 png/mL TR A B B .

IR R B AR E AR IR IC i 43 B EL S
10, 20, 50, 100. 200 uL {EEARHEFEWE T 6 4~ 10 mL
KR, AEPERFE 10 S0 A1 4 Gl 2l
K. 3%, 10%LBYERZZE, RS, ISR

JEH 0.5, 1.0, 2.0, 5.0, 10.0. 20.0 ng/mL KRS FRME
CAEW W, R,

MRS AR ARE TR EC ] MERIARER 2 g(f
HZ 0.01 )W ZE 6 4 10 mL B2, 251mA 5.
10, 20, 50, 100, 200 pL JR-AHrifE A B it 45 T8, 15305 5
M 25,50, 10, 25, 50, 100 pg/kg MRS IRE TYEARK
SITERAMRAE RN 5 mL H L, % E 3 min, 4000 r/min
BD 5 min, BECLZHEE, FEATEA 5 mL B A AR
—W, FILERE, HFPFEERSE 10 mL, HESHZFRIK
W, Wi 0.22 um PTFE %13k i Jg fi 2 3 e AL E A o
14 7 &%

1.4.1 FEA4KE

Sy kG iR e T HA AT e, R 1 R N ke A0
R TR . B D BRI

R A5 150 DU A 5 174 00 FH 3k B A FH 45 F, S GB/T
23296.1—2009 & f ATk SR Z BRI SRR
O W it B B A AU A A X A 1 A B S TR LA
1 ALY T R AR AR B DU R ) WAL IR B ik B A A,
43035k B 4K (B I A) . 3% L BR(E AL B)
10% B (B SR C) RS (B S AL 8L D)E 40 °C
210 d A R TR . TR R, B2l
WA ZE R, MRS

R1 16 HMEXTNFS. B, KFEBR. KEXHRRLS, 27X S TFENFEIBREE

Table 1 Compound numbers, synonyms, chemical names, CAS, molecular formulas, molecular weights and specific migration limits
for 16 kinds of antioxidants
N (& E[] . - i T =
L fifr L4 o pER pem  TOIBRE
Hics /(mg/kg)
1 P4 fL57 DLTP FRAC N R W BEfR 123-28-4 C30Hs5048 514.8
2 B 425 2,2'- 3 H X -(1,1- - H Bk 2,36 -4- £ FE A iy 88-24-4 CasH360, 368.5
3 BRI 168 (2,4-TRUT )R AT 31570-04-4  C4Hg;O05P 646.9
4 Bk 405 4.4- " CRILRN L) TR 10081-67-1 C3oHsN 405.5
5 Pk 3114 1,3,5-=(3,5- U T HE-4- R 1) R FUR R 27676-62-6  CusHgoN3O6 784.0 5
6 B 2246 2,2'-3F. F 3 0~ (4- FF -6 T 2K ) 119-47-1 CxH3,0, 340.4
7 Bk 300 44T AR L(6-45 T FE ] F 1) 96-69-5 C,,H300,8 358.5 0.48
o (3,5- AT Fk-4- R L TR TE ) N R I (I 2 O C4oHsON,O
8 HAk3 697 70331-94-1 40TRe2 696.9
AR 2,1- 2 5Ei) 8
9 WA fkR CcA 1,1,3- = (2-H k-4 32 He 55U T K38 T ke 1843-03-4 C37H5,05 544.8 5
N , =L TR G- T B4R S-SR )
10 Hréa AL 245 ” ¢ - ) 36443-68-2  C3uHsoOs 586.7 9
H
11 B4 1290 2,2-W.Z K- (4,6- —-BL- T KLFE i) 35958-30-6  CsoHysO, 438.6 5
12 Préa b 1024 NON-RL[3-(3,5- 40 T Je-4- 2 FOR O INTEIF - 32687-78-8  C34H5,N,0, 552.7 15
. 1,3,5- = (4-8U T 36350 38-2,6- I LK
b Oy 76- )
13 TR 3)-1,3,5-=15-2,4,6-(1H,3H,5H)- =il 40601-76-1  CoHsN:0s  699.9 6
N NON'-RAL-(3-(3,5- B T 5L -4-F2 LR I N i 2
14 PrEAkF 1098 (3 B o — AR ) 23128-74-7  C4oHuN,04 636.9 45
15 PUAAALN 1076 3-(3,5- AU T BE-4- B IR SN N R IE T\ B FERR - 2082-79-3 C35He O3 530.8 6
16 YL BHA TR A ik 25013-16-5  CyHy60, 180.2 30

[ a: 2% GB 9685—2016 (X (&AM AARME £ S Z A AR B P IR 6 A A o ).
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142 Hsara®

KM S LRI R B R 10 %, IRAE, FI3E
FETES AR 1 mL M B, 48 0.22 pm 1Y PTFE %3k
IS TR B P, FR; PRI 2 g (R & 0.01 g)
A BB E 15 mL A ELE T, MA
5 mL FEE, WHE 3 min, 4000 r/min &> 5 min, & I
EHEE, BREHS mL FRELER 1R, §3FL2
FEs, JR4), 4 0.22 pum BY PTEE 3k i 284 0k =
FER R, Rl
143 #AREM

{6,3% 4 : Shim-pack XR-ODS I (2.0 mmx75 mm,
1.6 pm), Hf: 40 °C, JshtH A K, WzhAH B S HIEE,
W 0.3 mL/min, #EEER: 5 L, PEBEEE 0~8 min, 90%
B~100% B; 8~12 min, 100% B; 12~13 min, 100% B~90% B;
13~15 min, 90% B,
1.4.4 JRigdtt

BRI R, BB B R
5500 V, i FH-4500 V; AATAUE ) 35 kPa; S5
JES1: 55 kPa; FHBISWH: 55 kPa; & FIEIREE: 600 °C;
PR L AR R Ry 2 s
(multiple reaction monitoring, MRM); 449 [ it filf 18 H,
J . FeAR L R R LR 2,

2 HR55%

2.1 R E RERDUIREUA IR EE

AR THE., 215, 5S0%H B IE M B 4 F
VRTINS R S0 pg/kg ORI T T AU R A BRI
BL(E 1) GEIRFM, BEE. LM, 50% I 20 A 2wt
ORI T U R A SR BBUSCRAR IR AR 22 . L X4 4L Ak 71
BRI 3 5 22, HLXTHUAALR 425, B L 168,
PLAALTH BHA SECR K, 2GRN CY A #5FH
PEECCR, AR At Ak A 4 10 B BRUROR 5 H At 370 A H S
BSR4 50% 2 21 X P A0 1) 300 SRR ity %
R FRBCSCRA T HBEF G Z 1) BB AL 168
PrEALF] 405, HLAEALF) 1290 FOHEBUNCR B 47T Hif 3
FPE TR, A VA1 B BRI, e 220 2 458 FY et
AR v P B AR T TR
2.2 R AR AR BT B) A5

A R T EORIOE Ve £ S ASEADL A Hh A ik A [
) 16 FhitEAL R, 5 T RFIHAE0.5. 1.0, 1.5, 2.0, 2.5,
3.0, 3.5, 4.0 min)XMHRBGICRIsZMR, SR A TT 46 5]
2 min B, 16 FPH0E A A 7 ik 1 B2 5 I R 3,
2 min £ 3 min [, 16 FHTE AL GRS T BLZ T TH
S, RMPRUE BARYIAFRI TR, SO BEREUR ]R3 min.

®2 16 MRELTHNRIESH
Table 2 Mass spectrometry parameters for 16 kinds of antioxidants
Fs L&Yy BT (miz) [ERRI4EN ER L INIINY il 8 H /e V il A3 5 4 L R eV
1 L R I ey BT 200 §§ I
2w WD et o 2 v
L v S :; :
4 UL 405 4063-19602° EBT 100 48 1
5 FUAAR 3114 88%231@;%2* EET 100 7 3
6 Fr R 2246 3355882;12727912 EET 50 2 10
B e ¥ v
8 Fr L 697 PSR T 500 % 3
o wwmmes  RENE e o g g
10 P 245 558855‘2134607911 T 100 :gz jé
1 i fL 1290 PSS BT 50 - .
12 Foi L 1024 PR ‘; T 500 8 21
13 b CY 669925;52%8220 T 100 :gg jé
14 AL 1098 o BT 100 52 20
s wmnos BT s 3 =
o wweions  BUSY amr 2 i
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23 BIESESFRGHRK

AWFFFEE T ODS FIZREE 2 FhA ) (A X A
TR o B, &R 16 Pk & e 2 R 2R B (a4t |
BIReRI o 8 5 538 PR B8, {H ODS SR 3%
FEAERE R ST R (B b BOR SR 2207, [N iR 2% £ ODS
R SR

LR KRS AR R, 16 Rk &P ReRs
BT BT o AR, A G A Sy s B, AR T B
MBS . MTEKM RIS 0.1% P BRINy, 451049 i i
EIEW R m, fERE PR, PRHAER 1076,
PUAALH BHA (145738 e A8 7= 26 7™ F i IR, 3
AN LSRG IR, PR B B KAE R U S AR A TR B VR,
16 FhHT AL FE 15 min IR BIEELL S8, Fh7E 10% LB
) b R SR IR B LA 2.
24 ZMEE. &MHE HXARBFEER

43 590 A 26 B AR R 10 A5 K PR £ S BRI GRR 4 K
3% . 10% FEBLH 16 Fhat AL RITRA bR ER T, W
A 0.5, 1.0, 2.0, 5.0, 10.0, 20.0 ng/mL; JHAHHE i
e RS 8 2.5, 5.0, 10.0, 25.0., 50.0, 100.0 pg/kg
(TR A bt VRV . DA T o VA B 8 1% o Ry A A A (X),
g T B AR AR (V2 TR E /T 2L, SMbrRidiE i o 45
SR 5% 3.7E 0.5~20.0 ng/mL } 2.5~100.0 pg/kg 78 FH A, 16
FHLAEALRILE 4 FhE B h R PEE R RAF(r>0.998);
DA R 1) 28 O BERG B 10 % 1 20 b ASS4DLH) (RO ol £ i
0 FH 25 1 RO oty Y et VR0 ) R s v VAR 15 MR L
(SINYZT 3 #5845 H FR(limit of determination, LOD), {F
M L (SINYEE T 10 118 E PR (limit of quantitation, LOQ),
16 BT E AL A LE KR B A B T i KBRS 0.03~
0.30 ng/mL, ERFR K 0.1~1.3 ng/mL; 7RSI £ S
B g BN 0.1~1.0 pg/kg, EEMRHN 0.4~3.0 pg/ke,
i R
25 [EWERFBEEE

PEBUR S R PET/PE & 4 £ S Ml b JeHRE i,
FEAIR Z5 A 53 5 4 AN [R) £ BB 3 AN 7KF i im
Fr BB BE (n=6), 16 FIHLE LRI 0.5~10.0 ng/mL F1
2.0~25.0 pg/kg AR B4 IR Jy 81.0%~112.5%,
X AR ME W 22 (relative standard deviation, RSD)
0.4%~9.1%, 7k IS SR 8 R AT, 250 W3k 4.
2.6 EPRMEmL

K AR T7 443 BN 5E 20 PET/PE &4 12 b Ak b1 k)
Feih 16 TR RE T . 45 RRY], 18 3% L
TR MR 2 7K i AU TR R AG Y EaR 16 Fh2H 23 1 10%

B, A 14 GFeah s B T PR 168, &t
1 46~826 pg/kg LI, 11 HyEESKEH THLE AL 1076,
A 81~525 png/kg TEEI N, HARA A B ARKM BT RS i+
FERSRE T AR R, A 4 YRR T AR 1076,
THAE 92~120 pg/kg JEFEIN, AR BIAAG SRS
i Bl A IR IR T GB 9685—2016 HYFR &
B3R,

9
8 = IRk
s L%
7 = FEEZHE=1:1, V:9)
< -zB
3 6
E
§ 5
|-
3
2
1t
0 lmE & M.
Bad o
GO i:%@&
S Sl

1 R £ s BT 16 R FLARALTRI (50 pe/ke)
BB A [
Fig. Comparison of extraction efficiencies of 16 kinds of
antioxidants (50 pg/kg) in olive oil food simulants extracted with
different solvents

W {f/cps

2
: s
00 e hog 7, o

0.0 10 20 3.0 4.0 5.0 6.0 70 8.0 9.0 100 110 120 130 140
i) /min

112

5004 - 15
O_O‘Y\“H‘L\H'sw‘

00 10 20 30 40 50 60 70 80 90 100 1.0 120 130 140
Bl /min

1 PR BHA; 2. HUéE b7 245; 3. HA AL 300; 4. PLE
1631 1024; 5. Hréa Akl 1098; 6. P LT 697; 7. Hré kil CA; 8.
PLEALFI CY; 9. HLE AL 1290; 10. HiA b5 1076; 11. HLEALHI
2246; 12. BRI 425; 13. P 405; 14. Fia ki 3114; 15.
HLELF DLTP; 16. Hi% ki 168,
K2 16 F HERME A PSR IS F G K

Fig.2 Extracted ion chromatograms of 16 kinds of target
compounds
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Table 3 Linear ranges, regression equations, correlation coefficients (r) limits of detection and limits of quantitation of 16 types of
antioxidants in 4 types of food simulants

A S A [=—X
Nt e AELE et WRRH T il ERE
(ng/mL, pg/kg") /(ng/mL, pg/kg") /(ng/mL, pg/kg")
B4k DLTP 0.5~20.0 Y=1.74x10°X+5.46x10* 0.9993 0.1 0.4
Uik 425 0.5~20.0 Y=1.64%10°X+9.77x10* 0.9992 0.1 0.3
PréA b7 168 0.5~20.0 Y=4.86%10*X+3.05x10* 0.9993 0.1 0.5
Uikl 405 0.5~20.0 Y=1.36x10°X+1.58x10° 0.9994 0.1 0.3
Bk 3114 0.5~20.0 Y=1.8x10°X-2.18x10* 0.9996 0.1 0.5
Bk 2246 0.5~20.0 Y=1.68x10°X+6.03x10* 0.9993 0.1 0.3
Bréa ki 300 0.5~20.0 Y=4.47x10°X+1.88x10° 0.9991 0.1 0.4
0% 7. B 697 0.5~20.0 Y=1.02x10°X+6.05x10° 0.9995 0.05 0.2
(]
B CA 0.5~20.0 Y=5.71x10>X+964 0.9999 0.3 1.2
Uik 245 0.5~20.0 Y=1.3%x10°X+4.22x10* 0.9997 0.06 0.2
B AL 1290 0.5~20.0 Y=1.46x10°X+8.33%10° 0.9993 0.03 0.1
Bk 1024 0.5~20.0 Y=1.31x10°X+9.98x10° 0.9998 0.1 0.3
PrAfbi CcY 0.5~20.0 Y=1.02x10°X+5.2x10° 0.9996 0.06 0.2
Bk 1098 0.5~20.0 Y=4.16x10°X-2.51x10* 0.9998 0.06 0.2
Bk 1076 0.5~20.0 Y=2.09x10*X+4.64x10° 0.9999 0.1 0.4
P4 k57 BHA 0.5~20.0 Y=8.29x10°X-2.06x10° 0.9996 0.1 0.4
B4 L5 DLTP 0.5~20.0 Y=1.82x10*X+1.2x10° 0.9991 0.1 0.4
Bréa b7 425 0.5~20.0 Y=1.62x10°X-1.95%10* 1.0000 0.1 0.3
réa b7 168 0.5~20.0 Y=5.43x10*X-1.38x10* 0.9993 0.1 0.4
Ui b 405 0.5~20.0 Y=3.79x10°X-1.39x10° 0.9990 0.06 0.2
HAR 3114 0.5~20.0 Y=1.78x10°X+2.4x10* 0.9997 0.1 0.5
Bk 2246 0.5~20.0 Y=1.28x10°X-3.13x10* 0.9990 0.1 0.3
Bréa ki 300 0.5~20.0 Y=5.9x10°X-6.79x10* 1.0000 0.06 0.2
3% 2.8 B 697 0.5~20.0 Y=8.87x10*X-7.37x10° 0.9998 0.1 0.5
0
B CA 0.5~20.0 Y=6.8x10°X-852 0.9991 0.3 1.3
Ui b7 245 0.5~20.0 Y=1.56x10°X-3.22x10* 0.9994 0.1 0.5
B AL 1290 0.5~20.0 Y=2.51x10°X+1.33x10* 0.9999 0.03 0.1
Bk 1024 0.5~20.0 Y=6.38x10*X-3.06x10° 0.9999 0.1 0.4
PrAfbi CcY 0.5~20.0 Y=5.08%10°X+2.26x10° 0.9996 0.03 0.1
Bk 1098 0.5~20.0 Y=1.08x10°X-6.25x10? 0.9998 0.09 0.3
Bk 1076 0.5~20.0 Y=1.14x10*X+7.43x10° 0.9990 0.1 0.4
P4 k57 BHA 0.5~20.0 Y=5.51x10*X-3.45x10° 0.9998 0.1 0.5
B4 L5 DLTP 0.5~20.0 Y=1.59x10*X+1.53x10° 0.9999 0.1 0.5
Préa b7 425 0.5~20.0 Y=1.72x10°%-9.26x10° 0.9997 0.06 0.2
PréaA b7l 168 0.5~20.0 Y=2.95%10*X+8.63x10* 0.9993 0.06 0.2
Préa kil 405 0.5~20.0 Y=1.22x10°%-1.91x10° 0.9997 0.03 0.1
Bk 3114 0.5~20.0 Y=1.42x10°X+2.6x10* 0.9996 0.1 0.5
Bk 2246 0.5~20.0 Y=1.45x10°X-1.56x10* 0.9997 0.06 0.2
bt A AL 5 .5~20. =5.8% —5.34% . . .
B AL 300 0.5~20.0 Y=5.8x10°X-5.34x10* 0.9998 0.03 0.1
K B 697 0.5~20.0 Y=9.29x10*X-3.72x10° 0.9998 0.06 0.2
B CA 0.5~20.0 Y=6.44x10>X-389 0.9991 0.3 1.0
DLEEVHOT .5~20. =1.63x —2.89x% . 5 . 5
BréA b7 245 0.5~20.0 Y=1.63x10°X-2.89x10* 0.999 0.1 0
Bk 1290 0.5~20.0 Y=2.56x10°X—4.5x10* 0.9996 0.03 0.1
Bk 1024 0.5~20.0 Y=6.14x10*X-6.87x10? 0.9995 0.1 0.5
PrAfbi CcY 0.5~20.0 Y=5.31x10°X+8.74x10* 0.9995 0.03 0.1
B AL 1098 0.5~20.0 Y=1.12x10°X+9.46x10°> 0.9998 0.06 0.2
Bk 1076 0.5~20.0 Y=3.59x10*X+6.04x10° 0.9998 0.2 0.5
P& k5 BHA 0.5~20.0 Y=1.25x10"X-3.33x10* 0.9995 0.2 0.5
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B4k DLTP 2.5~100.0 Y=1.55x10*X+5.91x10° 0.9985 1.0 3.0
YL 425 2.5~100.0 Y=4.66x10*X+1.39x10* 0.9993 0.4 1.4
Bk 168 2.5~100.0 Y=1.68x10*X+1.5%10° 0.9981 0.4 1.5
B b7 405 2.5~100.0 Y=9.99x10°X-4.1x10° 0.9997 0.1 0.4
P 3114 2.5~100.0 Y=4.14x10°X+5.82x10° 0.9991 0.8 25
LA AL 2246 2.5~100.0 Y=1.1x10*X+4.99x10° 0.9996 0.4 1.6
Bk 300 2.5~100.0 Y=5.99x10°X-2.46x10° 0.9993 0.3 1.0
WO Bk 697 2.5~100.0 Y=9.23x10*X-3.36x10* 0.9995 0.6 2.0
- YL CA 2.5~100.0 Y=1.21x10*X+2.53x10° 0.9985 0.6 2.0
YL 245 2.5~100.0 Y=1.7x10°X-9.05x10* 0.9992 0.2 0.8
Uik 1290 2.5~100.0 Y=6.17x10°X+5.55%10° 0.9991 0.1 0.5
PrEALH 1024 2.5~100.0 Y=7.7x10*X-3.03x10* 0.9997 0.1 0.6
WA fkH CcY 2.5~100.0 Y=7.23x10°%X-1.76x10° 0.9994 0.1 0.5
Préa bl 1098 2.5~100.0 Y=1.22x10°X-7.14x10* 0.9982 0.3 1.0
B 1076 2.5~100.0 Y=2.84x10°X-6.69x10* 0.9994 0.3 1.2
Y ki BHA 2.5~100.0 Y=3.9x10"X-9.85x10° 0.9997 0.4 1.5
T a: HOREIH & S BRI
F 4 16 IETTE 4 FERELY P B IARE W E 553 iR ERZE (n=6)
Table 4 Recoveries and RSDs of 16 types of antioxidants in 4 types of food simulants (n=6)
10% 2185 3% TR K R T
i1k — — —— kR .
I &Y (ngmpy PR OHDRRME iy HDXEERME g AXTRR 0 iR HIXTERIE
1% T2/ % 1% D 22/% /% W22 /% /% MW 22/%
0.5 91.2 1.2 87.5 8.7 89.2 5.2 5.0 86.5 7.4
1 P4 fL57 DLTP 1.0 95.2 0.6 88.9 3.5 94.2 6.2 10.0 84.2 0.7
5.0 90.7 7.8 93.8 6.0 95.8 6.6 25.0 88.7 2.6
0.5 96.3 47 97.9 6.6 92.1 5.6 2.0 90.9 0.6
2 WAL 425 1.0 94.3 4.0 92.6 5.4 89.1 7.3 5.0 85.7 8.4
5.0 101.7 8.4 98.4 4.6 102.7 8.7 10.0 92.8 3.6
0.5 90.3 3.8 92.5 7.0 98.7 6.2 2.0 88.6 7.1
3 Bk 168 1.0 87.6 3.8 91.2 5.7 94.3 3.1 5.0 83.5 4.7
5.0 88.7 5.8 95.6 5.4 101.2 2.3 10.0 89.8 47
0.5 89.0 5.5 90.2 5.0 92.0 5.8 1.0 91.1 7.0
4 Bk 405 1.0 92.1 0.7 93.3 4.6 97.0 7.3 2.0 92.8 0.4
5.0 95.7 5.6 91.9 5.8 105.3 1.6 5.0 88.9 0.8
0.5 82.1 43 89.4 0.7 90.3 3.3 5.0 106.1 24
5 BUaALF 3114 1.0 85.8 8.4 88.0 3.7 87.6 9.1 10.0 104.1 8.8
5.0 86.2 1.3 92.1 4.6 94.5 9.0 25.0 97.2 6.6
0.5 81.9 1.5 88.5 6.0 101.5 5.6 2.0 85.4 5.8
6 PR 2246 1.0 86.4 9.1 90.6 3.8 112.3 2.6 5.0 87.7 8.7
5.0 86.7 3.4 96.4 8.7 96.8 6.6 10.0 87.0 1.9
0.5 88.6 6.1 89.7 7.3 92.7 7.7 2.0 90.3 5.7
7 Bk 300 1.0 95.3 2.9 90.7 3.1 98.2 5.3 5.0 93.3 1.5
5.0 96.5 8.2 94.1 4.0 92.2 3.8 10.0 92.7 6.1
0.5 96.9 5.5 90.6 6.1 94.9 6.8 2.0 94.1 6.5
8 Bk 697 1.0 112.5 7.7 101.8 0.4 99.2 8.1 5.0 95.0 2.2

5.0 106.5 4.3 104.1 1.7 101.0 0.7 10.0 102.2 8.5
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= A
. 10%Z. 1 3%ZIR 7K Ab RS
KB Ay (ffifi% WlcE MR g MAGRE [ FTER /ng;ig) e AT
% i 2/% 1% W 22/% 1% HEDR 22 /% 1% TW2/%
2.0 88.9 0.7 87.3 5.4 88.1 3.1 2.0 85.8 1.1
9 e cA 5.0 102.2 8.1 97.6 0.9 102 43 5.0 107.3 0.6
10.0 110.4 3.8 97.0 3.9 90.9 0.9 10.0 105.7 6.3
0.5 92.6 7.4 86.5 1.1 90.4 5.8 1.0 86.3 1.7
10 P& AL 245 1.0 94.6 6.9 88.0 9.0 96.4 8.6 2.0 87.9 8.4
5.0 97.7 5.9 84.7 6.3 97.5 5.4 5.0 92.4 3.4
0.5 95.5 5.7 82.1 8.6 102.3 1.6 1.0 84.1 1.9
11 HLAAER 1290 1.0 103.4 5.0 83.9 9.0 96.3 7.5 2.0 87.9 35
5.0 97.1 3.5 86.8 8.7 89.5 6.6 5.0 90.8 75
0.5 90.0 7.9 101.4 8.2 97.4 75 1.0 94.4 8.9
12 B 1024 1.0 104.7 34 94.6 7.7 105.0 4.7 2.0 97.9 0.6
5.0 87.6 8.4 97.3 3.6 108.2 8.7 5.0 103.4 3.0
0.5 81.0 3.4 93.2 8.7 109.3 7.5 1.0 103.8 3.7
13 &b cY 1.0 83.4 0.7 96.9 5.1 97.8 7.4 2.0 92.9 4.0
5.0 92.1 4.0 97.0 5.5 110.7 3.1 5.0 93.4 43
0.5 92.1 3.6 105.2 6.3 97.2 4.0 1.0 86.0 5.4
14 PEAEFR 1098 1.0 93.5 8.3 96.3 1.0 108.4 4.6 2.0 106.2 4.4
5.0 97.7 23 96.9 8.4 106.6 44 5.0 94.0 2.4
0.5 90.5 7.0 93.0 7.0 97.9 43 2.0 97.0 7.7
15 $E4LF 1076 1.0 92.9 8.8 84.5 8.8 94.5 5.1 5.0 90.8 8.4
5.0 89.9 2.5 86.8 9.1 102.1 3.5 10.0 87.6 1.9
0.5 88.0 2.3 110.6 0.5 90.2 8.0 2.0 89.8 1.6
16 i fb7] BHA 1.0 96.5 7.5 95.7 7.3 94.8 7.0 5.0 86.0 3.0
5.0 98.2 53 98.6 0.5 98.2 1.1 10.0 87.9 2.7
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