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ABSTRACT: Objective To establish a method for the determination of 7 kinds of natural antioxidants and 8 kinds of
synthetic antioxidants in pastry by solid phase extraction high-performance liquid chromatography. Methods The

targets were extracted with 1% acetonitrile acetate solution, purified with pass-through HLB solid-phase extraction
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column, and the purified solution was concentrated for High-performance liquid chromatography analysis. The 15

kinds of targets were eluted with 0.5% formic acid in methanol as mobile phase gradient, separated by C;s column,

and determined at 280 nm by diode array detector. Results

There was a good linear relationship among the 15

kinds of antioxidant components in the range of 1-50 pg/mL. The limit of detection (LOD) of epigallocatechin was

2 mg/kg, and the limit of quantification (LOQ) was 5 mg/kg, the LOD and LOQ of the other 14 compounds were

0.2 mg/kg and 0.5 mg/kg, and the average recoveries were 88.10%-94.73%, the relative standard deviations (RSDs)

were not greater than 5.2%. Conclusion This study has the advantages of fast, simple, high sensitivity, good

reproducibility, and has a good practical value for the determination of antioxidant content in pastry, and provides

effective technical support for the quality safety of pastry.

KEY WORDS: high performance liquid chromatography; natural antioxidants; synthetic antioxidants; pastry; solid

phase extraction
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7K — Wi (tert butyl hydroquinone, TBHQ)(#liJ¥>98%, 3¢ [H
Stanford Chemicals /A H]); 2 H — S @A AL (dehydroguaiac
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Fig.1 Detection of antioxidant components in pastries using HPLC technology
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Table 1 Liquid chromatography gradient elution procedure
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Fig.2 Effects of different extraction solvents on antioxidant extraction
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Fig.3 Purification effect of HLB solid phase extraction column
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Fig.4 Separation of BHT and DG on C8 column
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16230 nm 47, JLAERSE . W FIRS R RWIE K EH
1€ 280 nm 24y, T BRI K R 360 nm, ¥ 15 Fhifk
A YR A PR A TE 3 AN T E, 7F 280 nm &b
5 ULy i LB A R A B
24 JIEFIIE
241 ZMFEERALFRK

B 1.2.2 Wikl & 0 B2 SRR TR AL, DUbRTE
W BT R BE (X, ng/mL) A AsdR, DAETHFR(Y) A AR S
HIFRE TAERRZE 25 W 15 R LRI 7E 1~50 pg/mL i
TR VO I N RS R A, HIDEREL 7>0.999, Lk
VA5 FE B A G R B R 2.
242 HdfR, RERAEKE

PR AR ER IR LA AL R R0 =X, R 4 i) Pk
M LY (S/IN) = 3, A BB 09 3k B A A O 1 H BR (limit of
detection, LOD), FRM#IRT SIN=10, Bt ILE B VR 5
W E B BR(limit of quantitation, LOQ), Z5H%EHH, EGC 1y
LOD % 2 mg/kg, LOQ & 5 mg/kg, Hi4x 14 Fik-&% LOD
A 0.2 mg/kg, LOQ K 0.5 mg/kg.

£ LOQ .3 i LOQ K M v E dEA T Ml 5 55, 4%
AP 88.10%~94.73% (& 3), HHILIEHZ )
A BRI AT
243 HEERAMTH

I LOQ AbImARiARE R, FEARIRI AR S04 T, 3%
SRE A IERE 6 IR, TTIS LA 3 s W AR R o I 22 (relative
standard deviation, RSDs), Z5REHH 15 Fhi A AL F B
RSDs<3%, B J7 vk kG 2 4T o

s (A, #6 LOQ. 3 fif LOQ & 10 fif LOQ #bik
PR B SE s, RSN 6 P17, AN 2R
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x2 15 MREAFTMEEEYRSIZME LR

Table 2 Linear regression equation and correlation coefficient of 15 kinds of antioxidants

&Y R il 28 5 e X REG) aw) R il 28 5 2 B3]
GA Y=93186X+467 1.0000 TBHQ Y=45305X+532 1.0000
EGC Y=4853X+1266 0.9990 NDGA Y=53576X+1067 1.0000
C Y=26384X-4490 0.9996 BHA Y=42818X+7265 1.0000
EC Y=49126X-9177 0.9997 Tonox-100 Y=41017X+358 1.0000
EGCG Y=19886X-3893 0.9996 0G Y=48183X-3712 0.9999
ECG Y=61121X-5940 0.9999 BHT Y=65583X-98 1.0000
PG Y=28400X+233 1.0000 DG Y=110486X-1441 1.0000
=Rl Y=50458X+351 1.0000 -

T -FR IR,
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Table 3 Recoveries, precisions and stabilities of 15 kinds of antioxidants (n=6)
ey bt /(mg/kg) P e PR ppg,
2 3 4 5 6 1%

0.5 89.66 95.59 90.81 90.33 87.86 92.32 91.10 2.9
GA 1.5 92.25 87.35 85.04 92.67 91.22 93.37 90.32 3.7
5.0 91.34 96.10 85.90 85.73 87.27 92.64 89.83 4.7
5 86.68 96.40 87.85 89.34 89.78 86.60 89.44 4.1
EGC 15 90.45 87.59 93.82 96.66 92.89 94.99 92.73 3.5
50 89.83 85.42 86.53 95.30 85.96 93.41 89.41 4.7
0.5 92.62 92.95 92.05 92.39 94.36 87.18 91.92 2.7
C 1.5 93.50 90.73 96.88 86.21 90.78 90.36 91.41 39
5.0 89.24 89.06 86.99 95.70 90.22 85.84 89.51 3.8
0.5 96.79 92.47 93.64 96.57 90.40 92.83 93.79 2.7
EC 1.5 96.32 89.96 90.14 88.59 89.66 95.23 91.65 3.6
5.0 90.40 86.48 87.91 85.22 88.25 90.34 88.10 2.3
0.5 90.40 91.67 95.40 91.45 85.92 87.91 90.46 3.6
EGCG 1.5 88.84 89.62 88.86 92.06 88.73 86.35 89.08 2.1
5.0 96.72 88.79 91.32 96.25 95.96 89.42 93.08 3.9
0.5 85.20 94.10 85.95 92.17 86.17 93.40 89.50 4.6
ECG 1.5 87.88 89.52 89.61 93.39 87.53 93.44 90.23 2.9
5.0 95.95 95.50 92.68 91.97 95.86 96.40 94.73 2.0
0.5 89.57 87.54 89.57 93.03 85.54 90.21 89.24 2.8
PG 1.5 90.82 94.69 90.89 94.86 93.36 92.82 9291 1.9
5.0 89.92 88.45 85.23 85.97 96.69 89.03 89.22 4.6
0.5 91.09 92.55 92.92 93.49 94.30 89.41 92.29 1.9
BT 1.5 96.88 93.63 87.26 94.13 86.57 85.85 90.72 5.2
5.0 89.67 92.49 95.86 88.48 94.87 86.63 91.33 4.0
0.5 89.78 89.75 85.79 91.58 94.29 89.35 90.09 3.1
TBHQ 1.5 87.28 93.40 96.91 92.95 92.79 89.74 92.18 3.6
5.0 85.43 94.34 87.18 88.53 93.02 93.11 90.27 4.1
0.5 96.41 90.42 87.69 92.23 88.10 87.58 90.41 3.8
NDGA 1.5 91.85 88.56 89.17 96.48 94.82 92.83 92.28 34
5.0 88.65 96.19 96.06 92.57 87.75 85.90 91.19 4.8
0.5 87.98 93.35 95.38 87.39 85.44 94.70 90.71 4.7
BHA 1.5 90.49 92.64 90.94 90.28 94.83 94.85 92.34 2.3
5.0 87.26 90.87 87.44 94.46 92.83 92.86 90.95 33
0.5 94.78 90.03 89.80 90.94 94.20 85.79 90.92 3.6
Tonox-100 1.5 94.45 87.91 96.39 90.03 86.53 87.02 90.39 4.6
5.0 93.62 85.62 88.99 89.95 96.14 91.69 91.00 4.0
0.5 91.51 95.80 95.34 90.94 85.91 94.20 92.28 4.0
oG 1.5 85.37 96.90 87.77 86.93 87.78 90.98 89.29 4.7
5.0 94.56 91.69 87.87 90.32 85.95 94.30 90.78 3.8
0.5 92.02 90.94 87.96 96.70 96.27 92.00 92.65 3.6
BHT 1.5 93.30 94.27 89.88 86.46 86.05 86.28 89.37 4.2
5.0 86.39 95.04 93.35 92.52 90.92 88.56 91.13 3.5
0.5 95.12 93.61 89.75 85.81 91.61 92.34 91.37 3.6
DG 1.5 87.19 92.68 93.10 93.99 87.27 88.77 90.50 34
5.0 93.91 86.73 87.21 96.52 95.83 95.02 92.54 4.8
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e RA A 1.25 mg/kg; 18 3EEAAS H TBHQ, e ok
WA 242 mgkg, MKINZE R 0T LIE H, oA MPtAL
FUFERE A AT SR 38 (), B SR S I T 60 0 P s o
(B sR XRE A AR BT A M, B IE AR R
I, X 9 0 N B R v A 5

3 4
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S 1S R A o X PRI L g A
GRRMMAL, TG RE ™8 1 7 2 B USRS, AT
il. LOD. LOQ. [ | H% B ffee M4 A 7 i 9
UE, 5 J5 38 2 S BRI e E — 2B WA T A T
Mo AT B P B | R IR AT, X
K s AR PR AR S B ARG LA AR A S F A, TR R
IR i 2 AR A R AR S R .

SE 3

(1] FA, XK, SR, 55 KIRDUEAMT0 G A H] 5 ATt ()],
rh IR, 2022, 47(2): 216-220.

WANG Y, DENG H, ZENG XH, et al. Research progress on inhibiting
oxidation of meat products by natural antioxidants [J]. China Cond, 2022,
47(2): 216-220.

[2] SRR, FERAE, XX, % HPLC LIS 250 & Bt R e T
SR]. T EREREEZ, 2024, 33(2): 24-27.

GUO FY, YAN FJ, GUAN JF, et al. Determination of gallic acid in
Mongolian medicinal potentilla fruticosa by HPLC [J]. ] Med Pharm Chin
Minor, 2024, 33(2): 24-27.

[3] e, T, {4k, 45 HPLC [AIHNE S e 5 10 Fsfi e oy

B i U ARTE T SR [T]. ARMIFSE, 2024, 47(2): 116-121.
LI T, WANG F, HE ZF, et al. Study on simultaneous determination of 10
flavonoid compounds and a comparative analysis of antioxidant activity in
sweet sorghum by high performance liquid chromatograph [J]. Feed Res,
2024, 47(2): 116-121.

[4] a4, ML, GeEk, 4. HPLC M B4 AIRMTT R BA A RS

FABE R 18 R ITT]. IR, 2023, 48(12): 149-158.
MO W, HAO JG, HOU H, et al. Determination of 18 phenolics in Vitis
quinquangularis juice and mulberry juice as well as Vitis quinquangularis
vinegar and mulberry vinegar by HPLC [J]. China Cond, 2023, 48(12):
149-158.

[5] EBHLT, TR, TAb, S WRLSS G REE UL AR SR A AL
IR PRI T 2 B HAR AT SR TR PERT A2 [0]. o IR A S s i 9,
2024, 35(2): 67-78.

GUO JY, SU WH, WANG Z, et al. Optimization of extraction process of
flavonoids from Xinjiang Elaeagnus angustifolia L. flowers using entropy

weight method combined with response surface method and its antioxidant

[10]

(1]

[12]

[13]

[14]

[16]

activity in vivo and in vitro [J]. China Food Addit, 2024, 35(2): 67-78.
WEAE, BEHME, TR, HPLC-PDA PLsliil e & FAE Yl h =R s
R, B fhS R ERHY, 2022, 58(6): 135-140.

SHEN CY, MO SM, SU JM. Rapid determination of three antioxidants in
edible vegetable oils by HPLC-PDA [J]. Food Ferment Sci Technol, 2022,
58(6): 135-140.

XA, BROELG, k. RIS LZER O T o AU e i)
WFFE[I]. A E AR TAREE, 2022, 21(3): 453455, 458.

LIU CM, CHEN YM, HU Y. Study on the content and antioxidant effect
of catechin and rutin in different tea leaves [J]. Chin J Public Health Eng,
2022, 21(3): 453455, 458.

AFF, lK, FAE, AR SRR RS MU AL P IR A
HEAIRPERFIET]. B S ALK, 2018, 34(6): 163-168.

LI D, CAO Y, WANG H, et al. Study on the relationship between the
composition of tea extracts and its in vitro antioxident activity [J]. Food
Mach, 2018, 34(6): 163-168.

HOGI, £, KEVT, 55 SAERAEMHESUEIE AT BN SEE
WHMTEARTE TR [T]. 290 PFABIESR, 2023, 46(11): 2387-2394.
TIAN GH, WANG ZY, ZHANG YX, et al. Establishment of fingerprint,
component identification, and in vitro antioxidant activity of Camellia
nitidissima [J]. Drug Eval Res, 2023, 46(11): 2387-2394.

XUER, X, 45K, 5. TR GERMN HPLC SRSCRE IS Kt
FALIMTE TSRO RPTEI]. REHSE, 2023, 46(21): 124-129.

LIU Y, LIU XL, LI OU, et al. Establishment of HPLC fingerprint of
Forsythia suspensa leaves of Shiyan and its spectrum-effect relationship
of antioxidant and antibacterial activity [J]. Feed Res, 2023, 46(21):
124-129.

R, B, sRARRE, AF. R AR T B RR i e
FCHUARALRE ST AR, WIRIARLRLE, 2023, (10): 74-78.

TANG DW, LUO KW, ZHANG MX, et al. Determination of gallic acid
content and comparison of antioxidant capacity in different varieties of
pomegranate juice [J]. Hunan Agric Sci, 2023, (10): 74-78.

XUWF, SEEREA. OB (s R A 2RI 0 FiULASHR2E
3 FEYSE I, FRARE L5, 2024, (1): 114-118.

LIU X, WU JM. Simultaneous detection of 9 catechins and 3 alkaloids in
tea extracts by high performance liquid chromatography [J]. Flavour Frag
Cosmet, 2024, (1): 114-118.

X, sREE, 205, & AamPrE R mu RN R E S,
2018, 31(5): 1-3.

ZUO Y, ZHANG GJ, HUI F, et al. Research progress of food
antioxidants [J]. Cere Oils, 2018, 31(5): 1-3.

WA, A AR S AR ORI S BT AT HE R (D). £ 4 425t
FR2E3], 2019, 10(15): 5104-5110.

YAO Q. Advances in the detection and analysis of synthetic antioxidants
in edible oils and fats [J]. J Food Saf Qual, 2019, 10(15): 5104-5110.
FIZE, KIEAR, T, S5 moor Gk I e et e 5 Fb as
PUAMA & R[] R, 2022, (17): 80-88.

SHANG J, ZHANG HR, TIAN K, et al. Simultaneous determination of
nine catechins and three alkaloids in tea extracts by high performance
liquid chromatograph [J]. China Feed, 2022, (17): 80-88.

W, BRIET, 3k 95, PR AT R TAE I b B AR Oy i A L
0], TTARART, 2021, 48(15): 203204, 216.

CHEN Z, CHEN XM, ZHANG YT. Comparison of two methods for



202

B dn 2 4 R R I A 4R

FH15E

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

analysis of antioxidants in vegetable oil [J]. Guangdong Chem Ind, 2021,
48(15): 203-204, 216.

A, WA, XEBE, 45 HPLC LI & &bt A A0 mT & i
5[], B EE AT, 2021, (10): 62-65.

MA FB, CAO XIJ, LIU GQ, et al. Research on the reliability of HPLC
method for determining food antioxidants [J]. China Food Ind, 2021, (10):
62-65.

FUBR, BhiveT, I, 45, RERROBRBUBBTR[]. hEE, 2008,
201(24): 87-90.

KONG FD, YAO XN, SUN H, et al. Studies on shelf life of cake [J].
China Brew, 2008, 201(24): 87-90.

R, RS, T, SF BB dhh 10 FA SR BRI R AR
SN AL, 2011, 693(35): 115-118.

ZHAO M, LU ZY, ZHANG H, et al. Detection and result analysis of 10
antioxidant residues in roasted food [J]. Agric Mach, 2011, 693(35):
115-118.

I, ARSI, XTI, RGO (R E B R 7 R4 Y
BRI FUCAS, 2022, 28(19): 190-194.

LU S, WU ZH, LIU HQ. Determination of 7 antioxidants in edible oil by
high performance liquid chromatography [J]. Mod Food, 2022, 28(19):
190-194.

XUPY, faIefs, BRZIGEE, 4F. RO G TR R E et b 5 bt
FALRSMI). FIREE T, 2022, 52(8): 858-862.

LIU D, HE YL, QIU HY, et al. Simultaneous determination of 5
antioxidant components in cosmetics by high performance liquid
chromatography [J]. China Surfact Deterg Cosmet, 2022, 52(8): 858-862.
PRI UM GRS E AUt 6 R AL A & BEEE (1],
TEAAMTIN, 2021, 30(6): 23-28.

BAI RH. Uncertainty evaluation for determination of 6 kinds of
antioxidants in paper packaging by GC method [J]. Fujian Anal Test, 2021,
30(6): 23-28.

ke, BERS, FhMIM, . @idst SPE-UPLC-MS/MS e R
Y 9 FIERSHTEALAT]. B ERR, 2021, 42(10): 322-329.

ZHANG YX, ZHAO HN, SUN SS, et al. Simultaneous determination of
nine phenolic antioxidants in vegetable oil by pass-through solid phase
extraction cleanup and ultra-high performance liquid chromatography-
tandem mass spectrometry [J]. Food Sci, 2021, 42(10): 322-329.

A, RARME, R, A IR RSO €S- A I IR 5 A v
FLZSR AR R[], BURHIBTEE 2%, 2019, 46(22): 4179-4184.

LI W, ZHANG CY, LI F, et al. Simultaneous determination of catechins
and theaflavins in tea by ultra performance liquid chromatography tandem
mass spectrometry [J]. Mod Prev Med, 2019, 46(22): 4179-4184.

KT, EE, %, S SRR G =T GO TR R
JE R R LR 12 AR AU 0], B AR 2
2018, 18(14): 26232630, 2622.

ZHANG N, WANG Y, WANG WW, et al. Simultaneous determination of
plasticizers and antioxidants in food contact materials by high performance
liquid chromatography/triple quadrupole mass spectrometry [J]. Prog Mod
Biomed, 2018, 18(14): 2623-2630, 2622.

[26]

[27]

[28]

[29]

[30]

[31]

TR, mERR, M DL, SF. UM ERE- TSI R I A PR ATH]
At 3 FHTAEALRI]. PR, 2021, 36(2): 74-T78.

ZHANG ZL, GAO CL, FU JB, et al. Gas chromatography-mass spectrometry
determination of three antioxidants in food paper products [J]. Prog Mod
Biomed, 2021, 36(2): 74-78.

AT, MU, FdE, 5. GPC-GC-MS/MS I & FH il 4t
4k BHA . BHT Ml TBHQ[J]. & Toll, 2022, 43(1): 290-292.
ZHAO LP, YANG SJ, GAO X, et al. Determination of BHA, BHT, and
TBHQ in edible vegetable oil by GPC-GC-MS/MS [J]. Food Ind, 2022,
43(1): 290-292.

VWS, XU L, AR, HPLC : [RIHsE A B 9 Fibr e (LR saT
FEHEE]. W E SN, 2019, 30(9): 176-181.

XIN LN, LIU CK, HE LF. HPLC method for simultaneous determination
of 9 antioxidants in mooncakes [J]. China Food Addit, 2019, 30(9):
176-181.

AT, THIEIZE, RO T TR [T 2 R i 2R AR0) B ) R
BRI, EraRRa, 2010, 31(8): 230-232.

ZHAO LF, MA GJ. Simultaneous HPLC determination of antioxidants,
preservatives and sweeteners in cakes [J]. Food Sci, 2010, 31(8): 230-232.
AHZE, A7, AR, 2. QuEChERS RIAbBRZE & E AR M (-
IO ST o] A 0 P 7 it v 4 RN 5 FRBE IR, &S
KTk, 2019, 45(12): 215-221.

LI YM, LI F, LI YZ, et al. Simultaneous determination of four
antioxidants and five preservatives in yeast products using QuEChERS
pre-treatment combined with high performance liquid chromatography
tandem mass spectrometry [J]. Food Ferment Ind, 2019, 45(12): 215-221.
FRHTB, Tt QUECKERS 256 iR (-3 I B P A H e
e T W A A KR A BT[], 4 A R ARG 27 4R, 2024,
15(8): 314-321.

ZHANG XN, MA LY. Determination of pyrrolizidine alkaloids in licorice
by QUEChERS combined with high performance liquid chromatography-
tandem mass spectrometry and risk analysis [J]. J Food Saf Qual, 2024,
15(8): 314-321.

(WHESE: TH RKefh)

B\, M, TEMRAFEARR
KERMIBREBENEERE.
E-mail: 1452743514@qq.com

BIX, IiEF, TEMRFEAR
i BRSEEN. ik TITE.
E-mail: 1019365338@qq.com



