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Simultaneous determination of 6 kinds of sweeteners in pastries by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for simultaneous detection of 6 commonly used synthetic
sweeteners in pastries by ultra performance liquid chromatography-tandem mass spectrometry. Methods Using
ultrapure water as the extraction solvent, after vortexing and ultrasonic extraction, cryogenic centrifugation, took part
of the supernatant and added n-hexane for degreasing, Waters Atlantis® T3, methanol-0.1% formic acid with
5 mmol/L ammonium formate were purified as mobile phase and hydrophile-lipophile balance equilibrium solid
phase extraction column purification. Results The 6 sweeteners had good linear relationships within the curve
ranges of the concentration of 10-200 ng/mL, the correlation coefficients were greater than 0.999, the average values
of the addition were in the range from 85.0%-98.2% with the relative standard deviation (RSDs) were 1.3%—6.7%.
Conclusion This method has the advantages of simple pretreatment, good purifying effect, high sensitivity and fast
detection rate, and it is suitable for the detection of saccharin sodium, sodium cyclamate, sucralose, aspartame,
alitame and neotame, but not suitable for the detection of acesulfame K.

KEY WORDS: sweetener; pastry; ultra performance liquid chromatography-tandem mass spectrometry

EE&WMB: Rremiih SR BR & R —8mi H (20185071011116)

Fund: Supported by the Society, Science and Technology Development General Program of Dongguan (20185071011116)

HEEMEE: SRRAL, AR BB TR N, FEMFTEIT A A RS . E-mail: 308883378@qq.com

*Corresponding author: ZHANG Shu-Quan, Assistant Engineer of Food Inspection, Dongguan Institutes for Food and Drug Control, No.7,
Huanggqi Street, High-tech Industrial Development Zone of Songshan Lake, Dongguan 523808, China. E-mail: 308883378@qq.com



SRR, S5 i g AR T - B BT Rl A IS A5 6 Bl RHIR A 145

551
0 3| &
A REIE R ET R B . SRR . AR, BT E R

I N A RARG I TR, RS PR STR
TNZ R o 32 B T/ Z R A SR A & A AN
MrER B R, HL A — (R A, TS R LA A b
SOVEF, N2 ST VR 11 VRSB FH I A B S 0 3
RN, REAESRAT IR W, FR o E v nT A Bk
W L 3 A ORI F Y. Sk 1 b e i PR RHIR 50 SR
TR AR, 5 B B dh L e T A W . ERARE GB
2760—2014 (b2 FEEARHE £ 5 IR bR )
X A T TR R s, R ) o IR SR, R e Ol A T
JIERAERE s RSN, T A LA ER RS AR
KTF 1.7 ghgo PEARIEM, AU ZHURE S TG,
B BUEIOATA AR AR AN, (H— B, 4G R e
=, R s il AR 7= B WA B

R, 56T HHWR A A 32 BRI A8 5 380 A 3
PO A A Y Ak M T R B R 3
P2 b S B RO (s, TR
[ IR A A 22 e R, — M At 2. 3 Fpdifksw
RAEY . B RO e 5 e ik ik oA RO s .
PEVESR MY Rr 05, BETE 8 B (B] P 4o B R0 Az I AN [m] 1 o 1) 21
A3, T L [R) B AN 22 AR R ) A T 2K o ACHIF 5T g 7 T A A
R 1 RCRORH 135 - B IR T T R R N R s 6 A A
FRCRH R A B 3, DASUIFE R A I 25 SR AT SE MR TR TS
PRI TAERCR

1 HR57®

1.1 XFE5RF
1.1.1 BEHEE

LC30AD i i RO AR 35 (H A8 B HA | ); SCIEX
5500 ST FHAX (BC ESI 257, 228 AB A H); CPA225D
L0 RAF- (% 0.00001 g) \BSA223S HL T-43Hr K- (S
1 0.001 g)(TBEZEZHIWAF]); 3K 15 B HL(9500 r/min,
[ Sigma 2 #]); HBLEKHL(MIilli-Q Reference, f&[E 27T
NN
1.1.2 ##5 K|

A B (S, MEEERE AR, HER . R
(Egal, vhE T A2 BRI AR R A B2 | ); AR 2
HUHE (200 mg/6 mL, L5 160A38346A, 2 [ K FHIRIE A
(FZNEIDE

FruEdh: BRSNS 18001, B EF: 1.00 mg/mL,
A EC: 100%, HEE R EV T BE); KFRE S
G129941, A% 99.1%). EHE X (LS G855226, JiiE
3 99.9%) . Bl L (HE S G132138, JE & 4 B

97.7%)(1% [# Dr. Ehrenstorfer 2% #)); = & M (5 -
160807, & 4T40: 98.8%, " [E Bepure); BT F1Ef(HHES:
150515, Fiae/r%: 87.8%) . A& S: 170121, Fia/a%
95.9%) (AL & MAR A W R A FRA R

FEMORIR: T8 S Mkt S,

1.2 LWIE
1.2.1 ARk el #l &

HERFRE SRR Mo 6 BB ARVRHERZ) 10 mg T
10 mL ZERH, A KEE G ERs, TR ERE R
1.0 mg/mL AIBRIERG &I, BT 4 °CERBEH . I FHEF, B 7
WA 1 mL 26— 100 mL 458, B 10 pg/mL
TRAVRHER R, FMAKERMERL 10, 20, 50, 100,
200 ng/mL VR TR A br v AR
122 HSgike) sl &

PRI FRBUAREZ) 2 g(R5H1 51 0.01 g) F 50 mL RN
BT, A 20 mL /K, RBEFRE S min, #A 10 min,
7500 r/min 4 °CES.L> 5 min, FiERFEREE 100 mL 2.
HAERIIR, IR HKESR; HI—50 mL 2048, W
ERRW 10 mL, A 5 mL IEC ke, S min, BEDZ,
[EREE I

el AR 5 mL R, 5 mL K{Gfk HLB [ AHAE
BUNE, BUS mL B3R FEEW B, 5 mL FEREN, gk
VEMEW, 40 CEMEIE T, FAKEHEHESFE 1 mL, i
0.22 pm JERE, FF BHLINAE .

123 &#BRELM

g & kA Waters Atiantis T3 (2.1 mmx
100 mm, 3 um); WahA A: HEE, WA B: 0.1%H k-
5 mmol/L 8%, Wik: 0.2 mL/min; #EAEAFR: 2.0 uL; 4
I 30 °C; YEHREREE: 0~5 min: A: 5%; 5~11 min: A:
5%~95%; 11~12 min: A: 95%; 12~13min: A: 95%~5%;
13~15min: A: 5%,

B kb B IR H-ESI(-); A s 744,
fril = 2R, 50R: 50.0 psi(AR); FWEIS:
50.0 psi(& ), A K 35.00 psi(AK); WEE HE:
—4500 V; ZIEFREE: 550 °C; fiHES: 7.00 psi(A ). &
FHHACLE R 1.

2 HR55%

2.1 H@EBATBMRIKL

o SCRRARIE 2, I Al R — 5 o) i) R sk
Fouk AR A S0, HL R Ak BB 2
J TR, AW T HEE . 50% H R L 4liK S I 7
X 2% AL RO BRBOHCR, HLIGUE T 1E O be BRI X 45 4 o 2 75
TR L GEIRANE 1 R, 3 RE I EHE R | AN .
BR] 30 £ R 2 A SR BUHCR JE B B 22 52 (P > 0.05), FEEAN
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FF P AR 4 1 2 UK (. 3 7 F /K (P < 0.05), X T R
RS TR 5 o A PR R, RORORS NS5 ) 32 B
THERLH o 7= A SR AN . BEREAIRAE S A SE B sy, BRI
A R R B R T I 2 T, SRR T T . RE A
W— & A Z A IE, i 2 beREIR I Bk 2548 i TP Y
AR, FOR S A o i e . RIS IE b
7, DR UL H A A RO TR N RS P I 2 be bR AR, AR 4l
KEBBHORE R, HSEChHALRE, B HA 2%
H MR EEFRS, B GIEMIRIUET .

*1 EHETF. EEBF. iEgs. AEBRE

Table 1 Qualitative ion, quantitative ion, collision energy and
declustering potential

BEy  FET fEEARE EERE

T Ao
(m/z) (m/z) 1A% 1A%
1 R 82.000*  —20.00 ~35.00
GFEHE 162.000
78.000  —43.00 ~35.00
42.000%  —54.00 —60
by L 182.000
106.00  —25.00 —60
3 . 79.900%  —35.00 -100
HiESE 178.000
79.900  —35.00 -100
4 B 35100  -50.00  —127.00
ZHMERE 395.00
359200 -15.00  —127.00
5 261.100%  —22.00 ~60.00
FETELED  293.000
199.900  —16.00 ~60.00
312.100%  —17.00 ~80.00
Bay 3 it 330.200
295200  —26.00 ~80.00
200.000* -25.00  —120.00

A1 377.300

345200  -20.00
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AL A AR BRI L R DL T B AT, i A waters
Atlantis® T3 £ M40 Hr F €35 H:
23 REIEMRK

R T RSEAIN S R), AT, X R T sh AR A
R T T A SO Rt SRS R SRS A R
AR s 2 JE AP, AHNE IR R . ok, H
FRAK . ARHEARIZES & B = GRENE . BTsr et ity
JIHEE A AR TCER R R (B R B FN S K AR 2R ) B IR 458
2 MRAR, HREZARTRe s, X SEPraila: s R+
o, MRBSIAHT AN T HEREMP RS, WEER T BEN
s, 23t HAE 5 mmol/L FREE (R 0.1% 1 R). 10 mmol/L
IR (S 0.1%H RS TR s, RKILEIRGE
PhER IR ) o e v B IR, A5 A0 A o sE A =, (L2 o
HINFEEEBAR, HIETEEHAE2E, N T RIS R R
PRPEREFIRR I, AN IRBTEWRE SR G2 8T, %
FHE-5 mmol/L FIFREL (& 0.1%H BR)WE M iR shtH .
2.4 [EEFEERAERESE

fER AR v, R A A4 B BE B T4 &, W
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Fig.1 Comparison of the extraction efficiency of each component of the 3 solvents
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KEBIIKRT 0999, LIERBE T 3 H5{EM:LL(SIN=3)N
& H R (limit of detection, LOD), 10 f5{5 M Fv(S/N=10) K &
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SN
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Fig.2 Total ion chromatograms of different columns

F2 HMEE. &MSRE. EXERH KR EER
Table 2 Linear ranges, regression equations, correlation coefficients, limts of detection and limits of quantification
G5 A 28 MLV Bl /(ng/mL) 2y i AR R r LOD/(ng/mL) LOQ/(ng/mL)
1 e 5 10~200 Y=3.98074¢4X 0.99978 6 20
2 Wik 4h 10~200 Y=1.44606e4X 0.99975 6 20
3 R 10~200 Y=6.74546e4X 0.99961 3 10
4 = A TENE 10~200 Y=3.70902¢3X 0.99990 10 30
5 ] 34 £ 10~200 Y=1.00600 e5X 0.99989 10 30
6 By i 10~200 Y=6.82871e4X 0.99951 3 10
7 A1 #t 10~200 Y=4.85383e4X 0.99938 3 10
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27 EERKREEE

R TRy IR AERIRE S ER R A AT, BEER 3
AR R (20, 50, 100 ng/mL), FAMINAR TSk
A3 AEATRREL 6 AR, B2 g, AT AIINA 10 pg/mLiRA
PRUEFETE 40 100, 200 pL, FHE 0.5 h JFHARFL4E,
BLI A, 3 558 359 in A [0 e 238 00 R XoF A o Al 2% (relative
standard deviation, RSD), 7EA %3 HLB [EIAHZEHUA: 51k
I, 414 B R 7 3 sk by T3 g, IR R, &%
A3 AN R IEALEFTE 90.5%~165.1%2 [8]; %5 HLB
AR AE B AL IS, F TR0, A 52 i T I, BR e 28 %8
Gh, B IR EALE T 85.0%~98.2%Z 1], FHXF-
i 22 RSD JEH K 1.3%~6.7%Z 1] .

=3 IAREWER TR R ZE (n=6)
Table 3 Recoveries and RSDs (n=6)

ET R A S IR WKE RSD/%
/(ng/mL) B R/% BT/ %
20 165.1 140.9 5.1
1 HIRE 50 163.8 145.5 6.7
100 160.8 143.8 3.2
20 117.9 98.0 3.9
2 BN 50 118.0 91.5 5.1
100 1183 98.2 4.8
20 91.7 86.9 3.4
3 FER 50 92.6 85.0 3.3
100 90.5 87.6 2.8
20 118.2 93.3 25
4 ZERERE 50 117.2 85.1 4.2
100 1153 87.7 3.4
20 1123 91.9 13
5 BT EH 50 115.1 88.5 2.0
100 113.9 89.1 1.7
20 120.8 922 5.6
6 rJydEt 50 130.8 89.0 4.1
100 127.5 90.1 4.7
20 124.7 88.2 6.3
Gkl
7 50 123.5 85.7 3.9

2.8 ELIrHEmRNELER

18 FASHIFFE R S7 B ikt 5 i 858 5 P A A
DRFAHATINE, S5 RIGAK TR o e 2% Fh AR R Y X
1T EZFrHE(GB 5009.28—2016. GB 5009.97—2016. GB
5009.263—2016. GB 5009.247—2016., GB 22255—2014)

FAHA TR, MHRAE R 8 TR Ik Al
TPk, DLzs OB ahoimnaR i 5 =X, AR Jr vk R B R AR v Oy
AR . FRECFERD 2 g, SE— bR ik 25 mg/kg, BI
A 1000 pg/mL FRAEFERSS S50 uL, RAHSIEHE
0.5 h J&, 43 A Jy i A E AR AR oy B A, b g A
Ty AR A 0 T FE 0 U 25 B AR BBORCFEAR B 20 %, AL
TE o BRGNS T4 & 1400 o 22.744 F1 24.450 mg/ke,
R R I3 & 543 50 22.151 A 22.300 mg/kg, =
SRERHI AR Y 5 B2y Bh 22,290 F1 21.048 mg/kg, BT
$Ur ECL I A5 25 B R4 20.384 1 21.990 mg/kg, BT
FIFI A2 5 543 9 21.387 1 21.867 mg/kg, Al
AR & R4 B0 20.886 FI 21.773 mg/kg, &S
PR BRI 10%.

3 Hit5iTie

AR SN T 1R TR 3 - ER B T 7 T S R
HORERG AN . FHEER . EURERE . BT RS BT E . At
6 FlE N TA BUER R A 24 7k, LA SR AR A s 7
PEATHRE, 1E CREBRAR, 540 26 K 5% g 0 - i SR
ko 6 FIEHIRFILE B B A 10~200 ng/mL #4128 3E Bl N
BERIFMEMERR, HRRE r BT 0.999, 355 E
W E A 85.0%~98.2% 2 [0, X FHMWZE R 1.3%~6.7%,
H 500 E R R I A R — 3 AT, e &
B, AN A BRI 0 0% 0 25 FAG I B4 T nT S8 iR Oy
oo REZAETF, M FRIEE NI W™ E,
TR T BRI ST 0y R 5, S BOMAR TSR = . RE
BN HER . SC T Unfal f— bR B TR, BRI P85
BRI, B4R FEMIT T Mz —,

SE Mk
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