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4.6 mm, 2.7 pm) A, AR RES -SRI . FER 6 P E SIS INFIAE 0.1~100.0 pg/mL TR ML PESC
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Rapid determination of 6 kinds of food additives in pastry by ultra
performance liquid chromatography with variable wavelength
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(Hainan Institute for Food Control, Key Laboratory of Tropical Fruits and Vegetables Quality and Safety
for State Market Regulation, Haikou 570311, China)

ABSTRACT: Objective To establish a rapid detection method of ultra performance liquid chromatography
(UPLC)-diode array with variable wavelength, and simultaneously determine 6 kinds of food additives, including
acesulfame potassium, sodium saccharin, benzoic acid, sorbic acid, dehydroacetic acid and natamycin in pastries within
10 minutes. Methods Samples were extracted by 20% methanol aqueous solution (containing 2 mmol/L formic acid),
protein was precipitated by zinc acetate and potassium ferrocyanide, methanol and 20 mmol/L ammonium acetate
solution (containing 2 mmol/L formic acid) were used as mobile phase gradient elution, and Agilent Poroshell 120
EC-Cy5 (100 mmx4.6 mm, 2.7 pm) column was used for separation, and diode array-wavelength-changing detection was
used. Results The linear relationships of the 6 kinds of food additives were good within the range of 0.1-100.0 pg/mL,
with correlation coefficients greater than 0.999, recoveries of 83.0%-110.2%, and relative standard deviations of

0.56%-5.96%. The limits of detection for acesulfame potassium, sodium saccharin, benzoic acid, sorbic acid,
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dehydroacetic acid and natamycin were 0.11-0.29 mg/kg, and the limits of quantitation were 0.38-0.97 mg/kg.

Conclusion This method has the advantages of simple pretreatment, short analysis time and good reproducibility,

and is suitable for mass detection of 6 kinds of food additives in pastry.

KEY WORDS: ultra performance liquid chromatography; variable wavelength; pastry; rapid analysis
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1.2 XWFFE
1.2.1 AR A B4

FRUEI &M (2 10 mg/mL): FRIGE |2 %% | K H
B . NASER . BEREEN . LA £ R AN BE 2 AR UE 40 )
T 10 mL AR S R IR WK ER B2, B
ARG = 2% A AP W%, K E %
KR, AR . s R EE S, SR E A

FRUEME A (1 mg/mL): & RN & W E R —
50 mL AR, FH S0%FFKERZZIE, 151 mg/mL 5
HEE IR, 4°CHlEG S T IR A7 -
1.2.2 AR/ &I R AL

435S B ORI AR R, 7% F K
(7 2 mmol/L FF ) Bt il L 2 ¥k ST 14 0.1~100.0 pg/mL
HITR A hR e TR
123 #HSara

FREUERS 2 g (0.1 g5IREM T 50 mL BSOS, DA
8 mL FAR-FH IR VA VEGHR 75 $IX 30 min, 8000 r/min #§.0> 5 min,
B A 5 — 50 mL (B O, FRIETHE RS
—IK, AIF LIER, A 2 mL ZERFEAT(193 g/Lyf1 2 mL IE
B ALEATR92 gL), IRHERA], 8000 r/min B> 5 min, 5%
F3EBE 20 mL A5, 7% H KBS 2 mmol/L I
TRERZZIE, $57, 4022 um JERGLEE,  FHLG,
124 &AM

{4,754 Agilent Poroshell 120 EC-C;g (100 mmx4.6 mm,
2.7 pum); AR 30°C; Fid: 1.0 mL/min; #FFEE: 10 pl; 3
it A: R, JshAH B: 20 mmol/L Z %4 (S 2 mmol/L H
FR); AR BESIRI RS, R AR S AR AR EE L 1,

1 BEERER

Table 1 Program of gradient elution

it 5] /min H K /nm A% B/%

0 230 7 93
0.8 230 7 93
3.5 230 25 75
45 230 67 33
5.7 304 67 33
6.5 304 67 33
6.51 304 7 93
10 304 7 93

1.3 HIELEBIRH

SEI B SR A Microsoft Office 365 Ab#; %
OriginPro 2019b X 4l A7 il el 43-#r; €3 idl R AR €4
J¥ Chromeleon 7.2.10 JRAS A3

2 HER55H

21 BERHEE
2.1.1  &itiegindt
WESE T T _bE R B LR %4 Agilent Poroshell

120 EC-Cig (100 mmx4.6 mm, 2.7 pm), Waters ACQUITY
UPLC HSS T3 (100 mmx2.1 mm, 1.8 pm) ., Waters
ACQUITY UPLC BEH C4 (100 mmx2.1 mm, 1.7 pm). 7£H
43 B S AR R IE BL S, (A T3 A1ET, 6 Rl &
U, (B BLER ARG B0 23 B9 RORANME, T BEH Cg HERT,
6 FIE AR ASINAILE 10 min N AT LUIREFH 428, (H2ETR 4
BE, HH EC-Cys FERL, 6 B S InfA{LRESAR 4T 1) 4>
B, HIETBAREE, FrUAA N 3R EC-Cs #EAE N 3 i 3%
FEo EREEIILE 1.

s g

¥ »

300 = g

3 Qen (N

STocg TIW
2200 w =E B 8
£ N R
o ®oOg %
Z 100 S g
g
e

0 %k
-50

0 1.0 20 3.0 40 50 60 7.0 80 9.0 10.0
PR R i8] /min

BT 6 R S A IR A bR o 5 ] (10 pg/mL)
Fig.l Chromatograms of the standards for the 6 kinds of food
additives (10 pg/mL)
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PREGHR IO G fth B R TK, ER MR BRI AR,
TBdtk sk Bk B, VA R 2 4R Y, — e sk vk o
FHH BRI, A T 20% F sk VRS EGHI B3 Ao
A ERFE T K L @20% F EK . (320% H EE/K (75 2 mmol/L
FR)3 FHREGH . A HRBGRIRY DR LR 2, & 2 &8, H
OFEREGRI, 6 Fh & S InRIERRESR LT K, 4T/,
it 5 K FICRBAE, 478 60%; FIEIREGRING, Jekm
TP, 6 FamR B CEREF, MMEE N 84%,;
OFVERBGAIR, FLEr, HANMBEREIER 91%. %
) b B 2 AE A P SR B T RS T TR A5 ) TR R AR,
AR FH(3)20% FH B /K (5 2 mmol/L H R )RR IUHI
2.1.3 AshARemAL

LA Agilent Poroshell 120 EC-C;5 (100 mmx4.6 mm, 2.7 pum)
ViR oA, ARBFFE AL T 4 AL 30, a 41: 20 mmol/L Z,
TR ER - T b 2H: 20 mmol/L ZFR%E# (% 2 mmol/L I R)-
B, ¢ 4H: 20 mmol/L ZRE-Z.1; d 4: 10% L FR/K-H
B, WF5E LB, MU shAER a A, £ 3.300 min, IIFLR
FUHRG S RBARGF 3 8 MU shAHh o dimt, (WRYRmRAE
5.640 min g, (HAG B G024 T80, e, M
AR d B, RAARMERA RIFEIE, S50 5 Risim
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Fig.2 Recovery of each extractant (n=3)
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Fig.3 Mobile phase a, b, ¢ group chromatograms

2.1.4 AR K ek E

W 6 Ty I 7 FH A A B B G 0 28 A 7 4 U R T
DEFEE MR R AE 227 nmy AERE 49 10 5 R TR AT i
KAE 203 nm; 2K HH AT PSSO A I W fF A, 0 0l S
200 Fl 224 nm; [LFLER 09 e KR K 7E 254 nm; AL
2 119 e KR SO 4 A 230 nmy; 4998 28 %) Jee RIRBC g K 7
304 nm. Zi b, AOFRIRLTEE . KHIR . (LRR . WG
B A Z RIS K 230 nm, 444t 2 2 ARSI K
k1304 nm, FEUEE TS EITEFE A AT AR K, SCBLERIE A
LRSI E ol 8
22 ZMEXARSKRUR

TR A PR UE AR W I 2 i IR B3R a3 A5 R EA T, LA
S AR A 0 T AR R A AR B (Y), SRR v R R AR AR (X,
pg/mL), ZHlbrEMZ . DL 3 5050 HE (SN G Y FR,
10 FEfEME (SN s P, SRR . MR R BCFIAG:
HBR L e SRR A IR DL AR 20 ATy i 6 RIS R i 2k kv
24 0.1~100.0 pg/mL, AHOCRECRAT, K BRAE SBRE5/N
T SN/T 3538—2013 H e I E KA 1.0 mg/kg; GB
5009.28—2016 2R H R LI ALER RSN IR R S me/kg,
FEEPR 10 mg/kg; GB 5009.121—2016 H i & LB AH6 R
1 mg/kg, EHFE 3 mg/kg; GB/T 21915—2008 4 fh 52 1Y
B 0.5 mg/kg.

R2 oMBEARRMANEMESE. HXAEAY, BRHRFEER
Table 2 Linear relations, correlation coefficients, limits of
detection and limits of quantification of 6 kinds of food additives

G 2 5 KR EEER

e TR f(mg/ke) /(mg/ke)
UTE  Y=0.4825X-0.0041  0.9999  0.15 0.49
WERGEH Y=0.4091X-0.0042  0.9998  0.16 0.52
HKHR Y=0.5487X-0.0002  0.9998 0.11 0.38
e Y=0.8234X+0.0323  0.9998  0.17 0.57

A Y=0.8293X-0.0301  0.9996  0.16 0.54
PEER  ¥=0.2446X-0.0004  0.9999  0.29 0.97

23 FHAERMAREI R FIEEE

FREC 18 M BAPERE ML, 5 B AR(5 mg/ke) . H'(50 mg/kg) .
#5500 mg/kg) IR K-, 6 £ in A A5 I 0.01 mL 1
ARSI AR K, 6 63 In AR AEE W 0.10 mL /K
Fr K-, 6 43 i A A% A4 T 1.00 mL AR Sk & Az K
iz BEE 3 5 vk Ak FRAE S K SR T RS, TR 6
s i 0 A (=150 R A X A U R 25 (relative  standard
deviations, RSDs), Z5RILEE 3. £ 3 MLEREH, Fik
B [ i 4 g 83.0%~110.2%, RSDs 4 0.56%~5.96%, 523
45 T AT R
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3 fEST 6 FIRMFTIEULZER K RSDs (n=6)
Table 3 Recoveries and RSDs of 6 kinds of food additives

in pastries (n=6)

HFR WK B /% RSDs/%
ik 98.2 3.05
LIE i 94.9 3.32
= 96.9 1.66
1% 110.2 4.45
b il h 94.5 4.60
= 95.3 2.45
1% 97.2 2.22
KR e 93.9 1.49
= 96.7 0.64
1% 85.0 5.96
11542 e 89.8 1.84
= 91.6 0.63
ik 84.3 2.71
A LR H 83.0 1.94
= 89.9 1.27
1% 92.9 2.26
B H 90.1 1.68
=] 92.1 0.56
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219152008 W E B &K, LhS A5 Jr ik 5 S bk
il EAT AL FRARGIN, RINZERANGR 4. SPRRERL R, JOEE
FEA, BEREENAE 1 AH, EHERA 1 AR, ILELER N
A ZIRA 4 ki, DBEERA 2 IRt B e
b, AT VRN 5 5 5 AR v T I D 5 SR AR K AR v
Z/NT 15%, F84 GB/T 27404—2008 { SZiy2s BB 45
TG & HLLAG IS W S F - 2R & o 10~1000 mg/kg
B S ORI 25 R 22V BB/ NT 15%, 16 BHA 5 45 SR oAy
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Fig.4 Spectral comparison of spiked sample (5 mg/kg) and standard solution
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Fig.4 Spectral comparison of spiked sample (5 mg/kg) and standard solution
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Table 4 Detection results of 8 samples
S - ENGIE e S TN (i Rr st S| P
NI Sl 2 3 Y v 7N 5 iy 5‘([
ShRRER AR AWFFREER bR AR bR 22 eI L /(mg/kg) /(mg/kg) 1%
/(mg/kg) /(mg/kg) /%
PRE . ; YL ND ND /
R ND
— ND ND ) WK ND ND /
HAH
Rk TR ND ND / grng AR ND ND !
AL IIE0 229.6 239.0 3.9 PRIt 2417 236.0 24
HAZE 1123 121.0 7.2 BRLm 1404 154.0 5.0
YA R ND ND / Y fh g % ND ND /
BIE ND ND / L ND ND /
WAl ND ND / WA N 1.3 1.2 8.3
) KRR ND ND / ) KR ND ND /
A RE () KUy FEAE
1A 187.1 180.0 3.9 1AL ND ND /
WA 73.7 78.6 6.3 WA LR ND ND /
B ND ND / YR ND ND /
LI ND ND / 1 ND RoRAih; S o5 .
WS N ND ND /
PASER T R ND ND / 3 i
JURERE  iam ND ND / -
A2 ND ND / A 5% SR M w350 AH €8 3% 9%, Agilent Poroshell
2 62 60 4 120 EC-C g R ZALIZ G ikAE, X235 . WG . &0
o~ D D ) R, IWEER . R LR R W el s . 4
o KESRES FOR T BRI 4 PRy ik, H—Fh b ee
By ND ND / SYHTIN LA I, 3 FLA S AR ) A9 B A, R I T
EMERE TR ND ND / KT EA AR MEE, MAMRSEEE R 10 min, 1
WERD ND ND / B B T E B KRR SR A 6 R IR £ AT
R 2. ND ND / Yot b B AR ER I v, AN AR & T LAERCE
T 144 14.1 55 BT RERA, MEKHR., &R, BcRAEZ %Y
B ND ND ) FEEREMEER . AFRIBES T 6 FhaS I m AR e G
#E*;‘%m B, #2807 %58 BHAE R b g B B RE o, oI o W HR it
i ND ND / .
" AT 0 S g
R 10.4 9.9 4.8
e ND ND /
v ND ND / [1] SUN L, XIN F, ALPER HS. Bio-synthesis of food additives and
é[}”m ? colorants-agrowing trend in future food [J]. Biotechnol Adv, 2021, 47:
Y fih R R ND
= ND / 107694.
LR ND ND / [2] VFA3E. £ AR € 2 A i S B RS BT[], £ e A S,
BERG ND ND / 2022, (8): 34-36.
FLER T K T 7 R ND ND / XU JY. Research on the influence and strategy of food additives on food
@‘(ﬂhjjl] T) 11154 R 78.0 68.5 13.8 safety [J]. China Food Saf Magaz, 2022, (8): 34-36.
A7 102.9 110.0 o4 [3] ZRMEF], TIEA, T, 5. RKEAE MBI 0 M B HLIR6 T R[],
P . . vf E R 5L, 2021, 46(9): 176-180.
Y fihFE &K ND ND /

ZHU YL, WANG ZL, WANG W, et al. Research progress on antibacterial



%5 18 3]

Fgolk, S AR (R AL B AR IR £ 6 Bl R b ES T

5931

[4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

mechanism of natural food preservatives [J]. China Cond, 2021, 46(9):
176-180.

T, AME. i i DR A A 10 S P R fe ().
B ARHEH AR AR, 2018, 36(6): 9-14.

MAO WF, SONG Y. Major problems and hazards in use of sweeteners
commonly found in foods [J]. J Food Sci Technol, 2018, 36(6): 9-14.
FAZ, WEF, WEE. LMBIERGR IR R
BTN, 2011, (6): 163-166.

WANG S, JIE QF, QIU WH. Current application, problems and
countermeasures of food preservative [J]. China Food Addit, 2011, (6):
163-166.

X ih. B A ROk 2R E G
[ Sh N5, 2018, 169(3): 182-186.

77 8 700 LA B A S ). o

LIU JD. Determination of various colorants, preservatives and sweeteners
in sports drink [J]. China Food Addit, 2018, 169(3): 182—186.
KHOSROKHAVAR R, SADEGHZADEH N, AMINI M, et al. Simultaneous
determination of preservatives (sodium benzoate and potassium sorbate)
in soft drinks and herbal extracts using high-performance liquid
chromatography (HPLC) [J]. J Med Plants, 2010, 4649(35): 115-126.
ARRIGEE, R HE, BERRN. A SRR )l P 0 3 1 2t 22 4 1R S 43
Hr[I]. fdh Tolk, 2021, 42(9): 329-333.

LIN GJ, YANG T, XIA HL. Research on the impact of the use of food
additive on food safety [J]. Food Ind, 2021, 42(9): 329-333.

B, RFENE, TIRIE. IR RV R[] B LT
1, 2022, (1): 159-161.

LI TT, ZHU YH, MA JJ. Research progress on the development of food
additives [J]. China Food Saf Magaz, 2022, (1): 159-161.

TH, FET, T F. 2016~019 AFFEKE S UMEHGZE AT,
B BT AIAER, 2020, 11(6): 2013-2018.

WANG C, ZHANG XY, WANG F, et al. Analysis of food safety
supervision and sampling inspection results of pastries in China in
2016-2019 [J]. J Food Saf Qual, 2020, 11(6): 2013-2018.

ATNEZE. SRR R R AR £ e O Aol LA S S IR0 v f ST
S5RHD]. BEE: T4 RAE, 2020.

HE YF. Establishment and application of gas chromatography for
simultaneous determination of nine common food additives in food [D].
Nanchang: Jiangxi Agricultural University, 2020.

PARK J, KIM H, HONG 8, et al. High-performance liquid chromatography
and gas chromatography to set the analysis method of stearoyllactylate, a
food emulsifier [J]. Food Sci Biotechnol, 2019, 28(6): 1669-1677.

WANG JW, HANG YX, YAN TT, et al. Qualitative analysis of flavors and
fragrances added to tea by using GC-MS [J]. J Sep Sci, 2018, 41(3):
648-656.

TIGHRINEA, AMIR Y, ALFARO P, et al. Simultaneous extraction and
analysis of preservatives and artificial sweeteners in juices by salting out

liquid-liquid extraction method prior to ultra-high performance liquid

[15]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

chromatography [J]. Food Chem, 2019, (277): 586-594.

MA JP, LI S, WU GG, et al. Preparation of mixed matrix membranes from
metal organic framework (MIL-53) and poly (vinylidene fluoride) for use
in determination of sulfonylurea herbicides in aqueous environments by
high performance liquid chromatography [J]. Colloid Interf Sci, 2019,
(553): 834-844.

KRUAMG, SUEHE, EE, AE WO ES- A I T R R G
FiEC AR AAGRI[]. B AL ISR, 2021, 32(4): 70-80.

ZHENG JM, MO ZM, WANG J, et al. Simultaneous determination of 31

(31

food additives in pastries with liquid performance chromatography-tandem
mass spectrometry [J]. China Food Addit, 2021, 32(4): 70-80.

SR, A, SRIA, A5 IR RSB €S- I IR R o
7 IR 4 FREHRRI]. R AL SN, 2016, (6): 195-199.
ZONG SY, LI C, ZHANG J, et al. Simultaneous determination of 7 kinds
of preservatives and 4 kinds of sweeteners in foods by UPLC-MS/MS [J].
China Food Addit, 2016, (6): 195-199.

MARTINS FCOL, SENTANIN MA, SOUZA DD. Analytical methods in
food additives determination compounds with functional applications [J].
Food Chem, 2019, 272: 732-750.

XE, W%, T, A RN AR T 4 R b 1 R S
FII]. B b2 A BRI A4, 2021, 12(10): 4188-4194.

LIU X, YANG L, FENG T, et al. Determination of 11 kinds of food
additives in 4 kinds of foods by high performance liquid chromatography
[J]. T Food Saf Qual, 2021, 12(10): 4188-4194.

SR, IARCE, XU BIL, S TR AL - AR (1 722 TR Bl ) A A
13 RS IGRIRBESE ], SN, 2019, 30(11): 166-172.
WU Y, HE LF, LIU CK, et al. Simultaneous determination of 13 additives
in pastry by solid phase extraction and high performance liquid chromatography
[J]. China Food Addit, 2019, 30(11): 166—172.

SarE, BME, PG, SF. RRGRA GRS R E DI REME OB R
13 PR ASINRII]. LR RN, 2021, 49(15): 185-187.

SHI LX, MAO HJ, LI QH, et al. Simultaneous determination of 13 food
additives in functional drinks by HPLC [J]. J Anhui Agric Sci, 2021,
49(15): 185-187.

e R SOBOR R TR R S ORISR R 9 R R IRI[]. &
R AR, 2021, 12(4): 1524-1530.

XIE N. Simultaneous determination of 9 food additives in beverages and
jelly by high performance liquid chromatography [J]. J Food Saf Qual,
2021, 12(4): 1524-1530.

B, XUEESG, SBR[ st B ) o AR A3 3 o
LR KRR O NBR R S Z BRI, P ETER S, 2020, 45(9):
156-159.

YANG K, LIU GQ, WU KY. Simultaneous and rapid determination of
acesulfame, benzoic acid, sorbic acid, saccharin sodium and dehydroacetic
acid in aged dishes by UPLC [J]. China Cond, 2020, 45(9): 156—-159.
VR, RRORAH G E S ke 5 R IR BRI T]. B



5932

B 24 iR AR I 2 4l

F 13 %

[25]

[26]

[27]

[28]

[30]

2451, 2021, (7): 64-67.

CHEN L. Determination of five common food additives in mung bean
cake by HPLC [J]. China Food Saf Magaz, 2021, (7): 64-67.
CANTARELLI MA, PELLERANO RG, MARCHEYSKY EJ, et al.
Simultaneous determination of aspartame and acesulfame-K by molecular
absorption spectrophotometry using multivariate calibration and validation
by high performance liquid chromatography [J]. Food Chem, 2009, (115):
1128-1132.

X, SCIERE. £ PN A A B H T i )], T R A,
2012, 37(11): 13-15.

LIU T, WU DC. Use and analytical method of natanycin in food [J]. China
Cond, 2012, 37(11): 13-15.

F, UM, EREE, S SRR - ER I BT R R AR R
PR 30 SRR, &5 TR, 2020, 41(18): 204-211,
271.

WANG J, ZHENG JM, WANG HB, et al. Simultaneous determination of
30 food additives in non-protein beverages by high performance liquid
chromatography-tandem mass spectrometry [J]. Food Ind Technol, 2020,
41(18): 204-211, 271.

AT, SRATIE, 45, 45, HPLC il 2Pl i rpo R |
FB A LR & w1, o EE SN, 2016, (10): 172-175.

TIAN L, ZHANG RZ, LI JF, et al. Determination of benzoic acid, sorbic

1112418

acid and dehydroacetic acid in cooked meat products by HPLC [J]. China
Food Addit, 2016, (10): 172-175.

b, EEYE, XVEF, 45 B m ORGSR E R B i 9 bt
R R BB T]. £ dh e AT AR A, 2021, 12(5): 1725-1730.

LU Y, WANG LY, LIU YP, et al. Determination of 9 kinds of sweeteners
and preservatives in bakery products by ultra performance liquid
chromatography [J]. J Food Saf Qual, 2021, 12(5): 1725-1730.

MA K, LI XJ, WANG HF, et al. Rapid and sensitive method for the

[31]

[32]

[33]

determination of eight food additives in red wine by ultra-performance
liquid chromatography tandem mass spectrometry [J]. Food Anal Methods,
2014, 8(1): 203-212.

INAT, SRARIE, TAE-. g8 MbEs 3R 00 TS R I A A Y kS ).
th [ SN, 2017, (3): 178-182.

SUN CX, ZHANG FJ, WANG YP. Research progress of application and
detection method of natamycin [J]. China Food Addit, 2017, (3): 178-182.

XUg, FREAE, WEEE, SF. ARORH G RN E R e IR

B S9bER ] T EREGE, 2016, 35(5): 182-186.

LIU Q, GAO ZY, HONG X, et al. Simultaneous determination of dimethy
fumarate and natamycin in cake by HPLC [J]. China Brew, 2016, 35(5):
182-186.

FIRIR, EMA, AT, A RRGRH L R E B 8 R
SRS, B, 2021, (5): 148-150.

WANG RR, WANG NN, MIAO YK, et al. Simultaneous determination of
eight food additives in food by high performance liquid chromatography
[J]. Mod Food, 2021, (5): 148-150.

(et KRR % W)

EE &N

E&l, BIETREIR, TERRFEA
RmRESREWRMKRAR. ERBAR.
E-mail: Chengye-Wang@outlook.com

=, WL, TR, EEMRAE
AEMREBESRERVEAR.
E-mail: 827951452@qq.com



