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B OE: BW &8 ERORAE (1% (ultra performance liquid chromatography, UPLC)KE I 4% 4% & i Ui 13, |
BRE BT 9 FRTURF KRBTSRI B T I 10 753 FERMGUKIRI, CRBE . WARTLSIDIEE D, ECkE
BRARJS, 28 UPLC M MEARI 20 G SR 9 A IR FENE I MG R RAT, AHOCREEI KT 0.9999;
FVE ISR 74.3%~125.4%, FAXFRUENR 22 (relative standard deviation, RSD)A 1.92%~9.09%; 3% . ZKH
MR, IWEER . AR . WG . KB R 1.5 mg/kg; PUHTELAEH . B Jodt. ZA0EHE R} 3.0 mg/kg.
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Determination of 9 kinds of sweeteners and preservatives in bakery products
by ultra performance liquid chromatography

LU Yang', WANG Li-Ying, LIU Yin-Ping, REN Bei-Bei, LIU Meng-Ying, YUN Peng

(Hebei Provincial Center for Disease Control and Prevention, Shijiazhuang 050021, China)

ABSTRACT: Objective To establish an analytical method for the detection of 9 kinds of sweeteners and
preservatives in baked products such as bread, cakes and biscuits by ultra performance liquid chromatography
(UPLC). Methods The samples were extracted with water. The protein in the samples was precipitated by zinc
acetate and potassium ferrocyanide, the hexane was defatted, and the samples were detected by UPLC diode array
detector. Results The linear relationships of the 9 kinds additives were good, and the correlation coefficients were
greater than 0.9999. The recoveries were 74.3%-125.4%, and the relative standard deviations (RSDs) were
1.92%-9.09%. The limits of detection of acesil, benzoic acid, sorbic acid, dehydroacetic acid, saccharin sodium,
salicylic acid were 1.5 mg/kg; and the limits of detection of aspartame, alicante and neutropene were 3.0 mg/kg.
Conclusion This method is simple, rapid and reproducible, which can be used to detect 9 kinds of sweeteners and
preservatives in bread, cake and biscuit.
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PRSP it L Y Rl A T A T R, R Y R
o ol A I 550 T i 2 ek A AR ik B s it 2

KR PR . AR DE TR IR EN ST
WG, AR R FUR Y R B e SRR, AR 2
SEIL TP ANFHRTA B . B ISR M IH S B
K, EAT Al A3 SR 28 Al 25 T REAF 8 S AL RS I 7 19
1R, DRIHG R JH IS 77 il AT AR 50 K% 97 g 790 Al 5 A 2 B
B

HRE, A i o R A0 B 977 R 50 B A 0y vk 32 A
T 5,1% 3= (ion  chromatography, IC)P!. < AH {4, 1% 1 (gas
chromatography, GC)'® | 7 %k W # & 3% 5 (high
performance liquid chromatography, HPLC)Y "3 & %0k AH
8,35 - ER I J3T 1% 9% (high performance liquid chromatography
-tandem mass spectrometry, HPLC-MS/ MS)!'+ 13125 | Hirh
BT eIk kN AR D, SO A5 Z A0S W BT R
o I 78 v ROBORE 43 - I 1 36 P v T T R ) e
W57 25 750 A 0 B 5 S A B R, L2 6 T3 25007 5 M
VRO €8 335 7 E R 700 K% 877 T8 700 A6 D e i A2 o R
G v BR80T T A W0 B D, A S IR, IR A B AR
SR 1 o R s OBCRH 5 VR R R 4 Jed T ARG B[R], A DU 3
T, OB TR, A IR B OCERH R
AR RS A AL GEus ISR AG I, XS 7K A7 IR | By 357 Ll
BoT T3 AL A A A A S IR DG T BE AR, HAR Z WY
FEF IR R ROR ST . AWFIRE N T Al . SRS R
Trpee B . WORE AN . BT LA . BT R . AlE . RH
2. W24 . KR MR AE SR 9 Fhas sl i & 2ok
A% (ultra performance liquid chromatography, UPLC)KG:
DTy o RIS O FivT R 700 K iy Fog 790 04T v o 19 7
FE AT, DU R T 3 W0 A8 B o2 4 XU P A 2 A1
AHR FE AR 4R

1 MR5ERZE

1.1 SKIGHHY
L1l SR

AWFFEHRAL AL T ARG 40 4y, Horpimifd 12 4,
HRE 6 0, DET 22 . FRANTITI ERENLIET TR, T2
FHFREARATS . FRRERRSIFCE, YT
112 FHME

Waters H-class i# = SI0BCF (435 (3€ [E] Waters 23 #));
KQ-600E ## 75 {¥ (B LL i 8 7 AL A FRA F); JJ600 HLFK
S (BRI ), 3-30K R B O L(1E [ Sigma
NEINE

BEH C,g f23%41:(2.1 mm=100 mm, 1.7 pm)., HSS T3 {4,
A (2.1 mmx100 mm, 1.8 pum) . RP Cg ff 3%
(2.1 mmx100mm, 1.7 pm)(3E[E Waters A #])o

113 ZEXA

e, IEake(tibal, MERTAR), L. K
TR (i ek, RKiFiRhs Ak =R A A |, CREE
R FACER (o Frali, Kk KA 204 BRA |l %
FRH(99.1%) . WEAEHI/KE1(99.9%) . BT L (97.7%)
HHIR(99.9%) . LLHFLR(99.9%) . PRE ZFR(99.0%). K
1i%2(98.9%)(#% [ Dr. Ehrenstorfer 23 ); 41%H(98.5%). iy
Bil1(99.2%)( L 2e3E A W), SEs i K 34— 20K .
1.2 LI E
1.2.1 ZiRmeh

1.00 mg/mL FRfERE 5 AT MERRFRIR 9 Flbr Yy
Ji4% 10.00 ¢ T 10 mL A H T, ALY 9 mL K, BF%
f#, MKELRTE 10 mL, B 4 °CIHRAE,

IREPRAER Y. KA 1.00 mg/mL iR &K
FH % 2 R =X e ) AR S s MR BE 43 o 0.5, 1.0, 2.5,
5.0, 10.0, 25.0, 50.0(Z%FE% . K. LM, Mo
. RS EN . KB 1.0, 2.0, 5.0, 10.0. 500,
100.0 pg/mL (BT 57 LA | BT 38, A ED AR ik B R 5, %
4 °CIRAF
122 &4t

%4} Waters ACQUITY UPLC RP Cg AH (3%
(2.1 mmx100 mm, 1.7 pm); Hi#HA 0.3 mL/min; PEFEE
4.0 uL; AR 35 °C; Wb A: HEE; B: 20 mmoL/L ZF&
iy TRAhAIRREE WL 1. R K 225, 210 nm.

®1 RTNBEE
Table 1 The gradient of mobile phase

Aisf [71] /min A EE)/ % B(0.02 mol/L Z.BR%%)/%
0 4 96
2.5 4 96
2.7 60 40
7.0 60 40
7.1 4 96

1.23 Hamark

WERIFRIL 2.0 g #dh, BT 50 mL E.O08EH, A
6 mL /K, 50 °CHIFF 2B 20 min, & = iR)5, A 2 mL
SRR . 2 mL WARFULSIE W, 1E5J, 10000 r/min
L 5 min, LW 2 mL, IIAIECHE 2 mL, FAHRA,
10000 r/min &.0> 5 min, FEAVMHEZE, TEHRLL
0.22 pm JEME, FEm .

2 FER5HH

2.1 BIERHMMRL

2.1.1 &AL
A 4325 28 T B A e 4 F A BEH C g 41
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HSS T3 £ RP C g HXF 9 AN B B ACR, 450 k3
TEAH A 73 85 25425 F BEH C g £1F1 RP C g 1 B T4 BE
TS B 9 Ry, T HSS T3 FE/ B BUR AR 2 .
2 B R L WA PR AR, B IS A A R LKA R B A
HRE TR, ABFSEIEH RP C g BEHEI T4 0T o
2.1.2 AshARKAAL

A ST B BE-K . B EE-0.5% L BRIF W . H R
—20 mmol/L ZMREEWGIT I . WEEKAVE Wi shtE &
TR SRR, W2, IR RIA R, FIE-0.5%4
R AR i s A, H bR ik & P W g i R R R Ak K,
—20 mmol/L ZREVER 4 BAnfb A Wi B #iAe, 7 53 B
(AR, A ERCRERLF . AU E B EE-20 mmol/L
LRV IS

T OG- . T R EAE R T B S A
Gy EEOL, BE X H AR A W o B R (i I TR X
B, FEA VX AW AR /N, RS TR &
IREE R, AHIE ST e &% B H B -20 mmol/L Z R4k 1
VSRR E

AEAI T 550, 9 FhEHARME SR EIE R . W
ELERILE 1 KE 2,
22 FHEFWIE

AW FE R 25 FURE S A IR TRV B B b Ak & 4 B b
VR, TEE LR s 5T, X AL A 5
M5 o LLIELR MR 1Y 3 A5 (SIN=3)FI 10 f5(SIN=10)43 R34
XL B AREA PR BEAE Rk e BR A E SRR, 1A E

2.1.3  RsHARA ARG L P kst BRAE B, 9 FPESIFIA A E R . &K
AW 5T S A A HLAH RO RS B AT T 5 %58 A PO, FOCHRE KRS E R R IR 2.
0.70 PP
0.60
5
0.50
™ 0.40 4
3R 0.30 6
= 0.20
0.10 L
0.00 F————
-0.10
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00
A} ] /min
TE: 1. RFEE: 2. KR 3. INALRR; 4. BLE ZIR; 5. WIKS4M; 6. /RIIR.
B 1 ARifEsh 63 E (225 nm)
Fig.1 Chromatogram of standard materials(225 nm)
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Fisf 1] /min
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B2 AR @i E (210 nm)

Fig.2 Chromatogram of standard materials(210 nm)
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FILEIREW 9 T HARAL S LAk R A S

R, FLAHBRAR, A6 5 80 o

TEAE AR PR BIPERE L R s L AR 3 A
WA BARAE a8, BT IE 6 W, 3t

B H AR AL A Y 1 )0 2 R X A7 7 R 22 (relative  standard
deviation, RSD), #55RIL3% 3. £ 3 MPrEsREH, ik
ECR S 74.3%~125.4%, RSD 4 1.92%~9.09%, SLI645HE
W, W RRI T

2 MSRE KMETEE. BXREH RERSEER

Table 2 Linear equations, linear ranges, correlation coefficients, limits of detection and limits of quantitation

HFR LMEVE R/ (ug/mL) LM AHRFREL Kz R/ (mg/kg) 5 18 Fi/(mg/kg)
BIE 0.5~50 Y=4.10x10*X~1.17x10° 0.999983 1.5 5.0
R 0.5~50 Y=5.59x10*X-2.08x10° 0.999981 1.5 5.0
e 0.5~50 Y=6.42x10*X-2.07x10° 0.999968 1.5 5.0

RE 2 0.5~50 Y=4.52x10*%-2.96x10° 0.999973 1.5 5.0
WERG N 0.5~50 Y=5.96x10*X~1.09x10* 0.999957 1.5 5.0
KGR 0.5~50 Y=4.28%10*X-1.20x10* 0.999992 1.5 5.0

Iy 37 L2 1.0~100 Y=2.45x10*X-2.50x10° 0.999984 3.0 10.0
Wiy ) 1.0~100 Y=2.00x10*X~1.98x10° 0.999990 3.0 10.0

A 1.0~100 Y=1.73x10*%-3.35x10° 0.999982 3.0 10.0

*3 BEE&RDIMRMFFMAE, EUWZER RSD(N=6)
Table 3 The spiked levels, recovery and RSD of 9 sweeteners in bakery products samples(n=6)
FE BRI
BB BIMIKF-/(mg/kg) T figas DT
Bl /% RSD/% BT /% RSD/% B /% RSD/%
WHEE 5.0 83.1 7.65 80.0 6.96 81.3 7.11
50.0 84.7 4.79 89.8 4.65 97.5 4.86
’ 100.0 85.1 2.64 84.5 3.45 99.6 4.29
5.0 87.8 6.38 74.3 7.83 125.4 8.53
R 50.0 90.8 5.98 82.6 5.85 107.9 6.69
100.0 89.6 2.84 87.4 3.22 100.4 2.65
5.0 83.7 6.58 81.2 8.06 84.3 8.65
TSN 50.0 82.2 5.90 81.6 6.90 82.7 5.78
100.0 99.7 2.92 88.69 4.82 88.6 2.33
5.0 80.6 7.24 75.2 8.31 80.8 7.04
i 50.0 80.9 4.46 79.3 5.56 79.5 6.40
100.0 112.3 4.62 82.7 2.38 81.1 3.17
5.0 100.7 7.19 79.1 7.46 85.4 7.98
R 4 50.0 81.9 4.94 79.6 7.22 80.1 435
100.0 107.2 2.44 112.1 3.52 83.0 2.59
5.0 116.4 6.33 118.0 7.62 80.1 8.38
KR 50.0 100.8 5.77 112.1 4.71 80.8 5.23
100.0 88.9 3.15 93.3 3.45 90.4 436
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=38
IIE B WINKF-/(mg/kg) Tt AL BT
[EISCR /% RSD/% B/ % RSD/% BN &7 RSD/%
10.0 75.8 7.51 121.0 8.96 122.1 7.73
iy 357 100.0 82.4 3.84 102.6 4.96 113.6 6.54
200.0 86.3 4.06 82.9 3.28 86.0 4.05
10.0 78.9 8.92 81.7 9.09 78.8 8.80
b3 100.0 84.2 3.31 80.9 5.13 80.0 4.65
200.0 84.2 1.92 81.8 4.41 104.9 3.74
10.0 80.4 7.12 83.4 7.43 80.6 7.74
A1 100.0 79.7 3.29 81.4 476 78.9 3.97
200.0 89.4 1.94 81.4 3.76 117.7 3.91

2.3 MHEPFEHKFISEHNE

K BRI E T T 40 (3FER R 9 R i)
mEe, HrpTEa 12 . EAE ey, PFT 22 . 7
FES MRS, ER S Oy, BT 2 O, R ER
17.5% . o, 3y BE LK A 2 iR, K VS
102.2~235.4 mg/kg; 5 FESNRE HILALRR, 4 BT R
24.11~183.0 mg/kg; HH 1 4 IELFE 5 [RIAS A6 Y 1L B AR A
A 28R . GB 2760—2014M i i . FEKE L AL ER
FBRAE N 1.0 gke; iR LR IR N 0.5 g/kg; BT
TEWIARRE, 2 R R RS LR, A2 AR R
DF T A A R 3 LA FH 19775 700 e Tl R

3 % i

ABIFFEHE S 1 R SRR (3 [ B 0 S s T
PR RTIR . IR AR . WORSEE . KR
BTy EX I BT R AL O R AR ARSI Ok, IR T
BB 40 (5 R ZERE A EAT TR, FLrb 7 3R AL AG HE 11 AL
PR MM A LR o SEPRE A AS N R WA T A TR LDk . B
PEAF, ATLARS AL, PR, MERR I E R b R 9 Rl
FRA ik, Rl it AR % By S 0 ) 22 4 A B 3t
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