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Abstract: In order to explore the status of adding artificial and natural sweeteners to beverages, an ultra-high performance
liquid chromatography-quadrupole/electrostatic orbitrap high-resolution mass spectrometry (UPLC-Q/Orbitrap HRMS) method
was established for the screening and determination of 11 types of artificial and natural sweeteners in beverages, and the MS
fragmentation pathways of the sweeteners were profiled. The beverage samples were diluted with a methanol-water solution in
a volume ratio of 1:1, and after filtration through a membrane, the filtrate was separated using an HSS T3 column then detected
by UPLC-Q/Orbitrap HRMS. Mass spectrometry simultaneously collected primary parent ions and secondary fragment ions for
qualitative confirmation based on the retention time, parent ion and secondary fragment ions ,while the peak areas of the parent ions
were used for quantification. Through profiling of the MS fragment pathways, it was found that the steviol glycosides had common
fragment ions m/z 641.316 3, 479.265 0 and 317.211 9, allowing for qualitative identification of the unknown steviol glycoside
compounds in the samples using the parent ion and common fragment ions. The method validation results showed a good linear
relationship for the 11 sweeteners within the corresponding concentration ranges, with average recoveries of 77.29%~98.82% and
relative standard deviations (RSDs) in the range of 1.5%~9.6% (n=6), limit of detection of aloin being 150.0 pg/L, and limits of
detection of other 10 sweeteners in the range of 1.0~15.0 pg/L. The testing of real samples revealed that sodium cyclamate was
detected in two fruit beverages (at concentrations of 0.8 mg/L and 190.9 mg/L, respectively), and stevioside and rebaudioside A were
detected in one tea beverage (at concentrations of 94.2 nug/L and 62.1 pg/L, respectively), with no other unknown steviol glycoside
sweeteners being detected. The results showed that although the contents of the sweeteners in the tested beverages did not exceed

the maximum allowable limit specified in the standards, there were instances of incomplete labeling contents, suggesting a need for

stronger supervision and management of food labeling.
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Table 1 Chemical information, instrument parameters of 11 artificial and natural sweeteners

T owewm  wxx wER casy HEH E%ﬁif%% SRR ) AEATn
1 %% Acesulfame CHNO,S  33665-90-6 3.54 161.98665[M-H] 161.98625 [M-H] 82.02973; 77.96562 2.47
2 FHTE4  Aspartame  CHN,O; 22839-47-0  3.82  293.11429[M-H]” 293.11288 [M-H]  200.07144; 97.04050 4.81
3 A S;‘g‘éll‘j:l“ C,H,NO,SNa 128449 384 181.99174[M-Na] 181.99171[M-Na] 61.97055; 105.96013 0.-;6".
4 WEE Cjcosr‘:;’te C,H,:2NNaO,S 68476788 413 178.05434[M-Na]  178.05426 [M-Na]  79.95748; 95.97599 0.:1-5-"
5 A Alitame  Cp,HN,0,S  80863-62-3 429  330.14930[M-H]  330.15024 [M-H] 312.13812; 87.05622 2.85
6  FEF Aloin CoHnO, 1415732 484  417.11911[M-H]  417.11840[M-H] 297.07629; 268.07437 1.70
7 ehibH A RebaudiosideA CyuHyOn  58543-16-1  4.96  965.42351[M-H] 96542421 [M-H] 803.36963; 64131714 0.73
8  H#HME  Stevioside  CyHgOy  57817-89-7  4.98  803.37069[M-H] 80337061 [M-H] 641.31592; 317.21240 0.10
9 s FF RebaudiosideF  CyuHgOn  438045-89-7  5.00  935.41295[M-H]  935.41382[M-H] 773.36029; 31721182 0.93
10 i3 C RebaudiosideC  CoHyOs  63550-99-2  5.03  949.42859[M-H]  949.42741[M-H] 787.37610; 625.32452 1.24
1 a4 Neotame  CyHyN;Os 165450-17-9 519  377.20819[M-H]  377.20715 [M-H]~ 200.07130; 118.06597 2.76
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2.2 FEEETAE AR

YT AW FEVE B R Y B R 1 K
K Z BB R AT AR 4 SR B H AR AT . Shisb 2k
JRFAER, ARBFF LT KR, FEE - K (R
o 11D AgizK o ARE 5 % HEE - /K CRRIEE 1:D
ALK 53 M ARE 10 fEXHRE SR B b i 2
FE . FIESE 1.0 mg/L, HAREHWRTT] 100 pg/L) B,
WK 3 fros, ARMRE R UORMEE fh B e I, A 6 Ff
FH R b IR 38 /N T 70%, T 254 A = Ff

Fig fifd 30k 1) [ AL R A 37.88%~49.61% 5 TEFiBE 5 58k
10 fisJa, SRR R 2 B SR, H R 4k
AKFRREIS, =P 6 3 (1 TSR AN T 70%, AR
N, RH 11 BHEE - KB 5 450 10 f&IS, 11 A
FIT O E AR [ WS 2 3 e, ERARFARE 10 £, [ADfi
KRBT HRE S £, (RS SEO R H R,
Rk, P4l VA6 H R AT [ i %, AR 58 R A 1:1
(1) R RO SRR S A%, SRR 11 R R SR) B b [l
W N 78.31%~95.87%.

329




MR @i

Modern Food Science and Technology

2025, Vol.41, No.12

23 EMfE

K HI Orbitrap HRMS #4771 0 2 inF, T i
SLJ R PR AT AR I R A, Bl R A S A
MA. CAS Bid5. RERET (FTET. A
FUHET/ ERFHUE TR T 2~5 MR E
T O E. O, ARG S, %K
BT VSRR YE EU 2021/808, 345 e 34 5t AN (1K) 43 B 5
VAR BRI B /D TUA YT &S (Identification Points, IP)
P Rk, Hph g SH RN 1A P, ot
JE R R RT LIRS B DU S fef B, HARRE T ON 1L A
IP, PEYIE TN 2.5 A 1P, FLME G =R J3F i ok ik 0 o
B 10% MBS TN A ROE B 1. thah, ARIEER A
SANTE/11312/2021 (V2) bR #E"™ BR, w5 40 9 B il o2
HHIERE 2 NS (BEPEF 1AM ET) Bk
RO 1R ZE N EXEANET S ppm. 5L, LML
UF RIS T TR E N 1 mg/L (25 H N 10 mg/L)
Y11 R TR & bR VS O AT I E, SREUGE N
tEMEE. RERE. BEF A% &+ & Trace
Finder X0, @0 & 5000 . BEJS, @0 PE O
B, DA ) £ B 6 [0 B B 11 R 0 2 4
W B AR NIRRT, 25 AR R U e &
VLR B B 18] S5 50000 e PR 2 AE £0.1 min Y, HEFEST
N E BB 7 R R AR R 22 B S ppm, U
AT E B it A A A AR T 53

24 FEHFWEL

24.1 B (Matrix Effect, ME )

R IR TR RE W S O R 7R A RS R R
W, ) DA 2 RORHRE it Y RN A5 R AR R R - K
B S 5 770 1) 4% iR R bR ARV . BT AN, (MED T8
Tk SR R R A A ) Ve TR AR 5 Al R - K
AT R s S R e TR ) LA S R DL 100% ok &
b, HoH ME 5T 100% B, 3% B B I 5 ot R4
80% <ME<120%, ARG, PIINNAS G 45
BEM5E s 45 ME KT 80%, T Tt B A7 75 5. 35 1) 36 Jo 17
HIVERT ; AH ME B3 120%, )25 0k 25 2 5t B A 8
RSP R L T RE SRR, HRE - K Mk
FEE 11 FRE S A5 F0 10 fXT 11 FfrfH w77 25 0 R0 1)
s, W 4 FTaR, AR BERE it X6 DR 43 B R 7 2R I
HH SR Z () S A 1 R - KRR S 5B 10 fF ),
11 A 00 R 7] 7 268 J5i 2008 80.9%~110.9%, I I

330

FE SN AT AN 3, WA I A SR 4 71 TR
B — K HC ) b e TR A EAT R AT o

140 kmm eXS-S/FEIK eXS-10/FEIK
120
. . °
100 | o * S
o e o * s *
= H . PO S N
~ 80 * [ ]
j2a) A A & Y
= N R
60 b N
401
20 1 1 1 1 1 1 1 1 1 1 ]
0 1 2 3 4 5 6 7 8 9 10 11
wEM

E 4 AERBEEH TSRS 11 FETRm R R
Fig.4 Matrix effects of 11 sweeteners in samples at
different dilutions

242 HMHXZ. FEEERAPEER

FERAHALEE AT, R SRR EE - K %
RYWBRE TAEVEW, ZxhlbrEdiZ, 1930 11 FhEuks)
ZPER R BB B HEE R, 531% BAsY)
3 EMELL (S/N=3) A1 10 515 MLk (S/N=10) FT 5t
PRI EEAE, 4 5t AR R PR (ILOD) FIAL %
EEMR (JLOQ), FERIMMMBEEECh S, #H—P
53077 K R (MLOD) A7 g &R (MLOQ)D.
ARG RROR TR 2 4, 11 FrEeRFI7E S BE 'K
FEX [H A I TR R R, HERB R BT
0.998, K] T mEMZIEMIG . A EE IR H
RN s, A 150.0 pg/L, J5i%E B RN 500.0 pg/L ;
HoAth 10 FhETWRF 7 V28 H B A 1.0~15.0 png/L, 7732
& PR N 5.0~50.0 pg/L, AR T SCHRARIE (1 HoAth 7 1%,
1 Phungsiangdee %5 >R A UHPLC-MS/MS & T 1k
10 P ET S E R G Y, KR A 3.0~78.0 pg/ke.
W B A 5 0 7 306 7 25 Ak A i 0 R R B A
TR LTI R
243 ik EFb B R

TE 25 FIYCRMRE A b S it = 9 BE AR 56, ks
B SN MLOQ. 2xMLOQ A1 10xMLOQ, &4 bz
WRESFAT IR 5 K (n=5), TH5 71 [al e S AN AH X b
7 (RSD, %), SR WA 2, 11 FhafukFIm 5
A1 U %N 77.29%~98.82%,  H P #f % £ RSD (n=5)
N 1.5%~9.6%, KA T LA R 1 BRI 2
B, WERGRE S




MR @R

Modern Food Science and Technology

2025, Vol.41, No.12

2 MHMEHEKFNLEEEME SRR, BXRY. FEQHRMESR., DKRENBEZE

Table 2 Linear ranges, regression equations, MLOD, MLOQ, recoveries and precision for 11 sweeteners
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