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Abstract: In response to the existing methodological gap in direct analysis of sweeteners in ready-to-eat dishes, a novel
HPLC-MS/MS-based analytical platform was systematically developed for simultaneous determination of 14 synthetic
sweeteners (including acesulfame-K, saccharin, sucralose, etc.) in complex food matrices. This methodology was validated
through multi-phase optimization involving matrix-matched calibration, gradient elution protocols, and triple quadrupole

mass spectrometric detection. The samples were extracted with 80% methanol-water solution (pH3) under ultrasonic
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conditions for 10 minutes, followed by centrifugation at 8000 r/min for 5 minutes at 4 °C. The extraction process was
repeated once, and the combined extract was concentrated by rotary evaporation. The concentrated liquid was then diluted
to 100 mL, and 5 mL of n-hexane was added. After vortexing for 2 min and purification, the sample was analyzed. The
separation process was facilitated by an ACQUITY HSS T3 chromatography column (100 mmx2.1 mm, 1.8 pm),
employing a gradient elution technique with two mobile phases: (A) 5 mmol ammonium acetate in 0.1% formic acid
aqueous solution and (B) 5 mmol ammonium acetate in 0.1% formic acid methanol solution. For detection, the electrospray
negative ion multiple reaction monitoring mode was utilized. The analysis revealed that the 14 sweeteners exhibited strong
linear correlations within their respective concentration ranges, with R* values consistently exceeding 0.999. The detection
limits spanned from 0.02 to 4.30 mg/kg, while quantification limits ranged between 0.07 and 14.33 mg/kg. During spiking
tests conducted at concentrations of 1.0, 50.0, and 125.0 mg/kg, the recovery rates of the samples fell within the range of
86.2% to 107.1%, accompanied by relative standard deviations (RSD) of less than 10% (n=6). This method demonstrates

effective purification, straightforward operation, and high sensitivity, ideal for rapid detection of 14 sweeteners in pre-
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prepared dishes.
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Table 1 Gradient elution program
] (min ) I (mL/min) A(%) B(%)
I 0.3 90 10
1.00 0.3 50 50
1.01 0.3 20 80
3.00 0.3 20 80
3.01 0.3 0 100
4.00 0.3 0 100
4.50 0.3 90 10
5.50 0.3 90 10
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2 ARAKRY 14 FRER R 0 22 BN Wi 25
Table 2 Optimized multi-reaction monitoring parameters
for 14 sweeteners
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2.1 30 24 15
106.0 30 18 12
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261.2" 16 12 24
200.2 14 17 28

6  PTEER 2590 293.1
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N v 16700 22 43 20
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Fig.1 Extracted ion chromatograms of 14 quantitative
ion-pairing sweeteners
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Fig.2 Effect of different extraction agents on the recovery rate
of 14 sweeteners
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Fig.3 Effect of different protein precipitants on the recoveries
of 14 sweeteners
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Fig.4 Effect of different clean-up cartridges on the recoveries
of 14 sweeteners
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G BRHRE J1 AR XA B, H R L RS AN . 2ETE
P OEHEE SR B LR AR S T BEJCIE A R
B 1E W B L, S ECPR B AR AN AP, Waters
Oasis HLB [FEAHZEEUIMEXT 14 FhEHERF A B4 B8
RS s TR R AR . R fb#tsoe . /A
4 B AL B 55 A8 M 9 3 3 AT DA B K IR T M A
PSR, B &R Waters Oasis HLB [#AHZE
B IV E AR 6 14 AR ZE B/ M

2.2.4 RBEAHFEBOTEML B AR SR
b i R lie 28 Ab FROFTE A A S %) 14 R 5] 1]
WCRIHEIR o — 2K S 100 pg/L 11 80% H i
KW (pH3) JiEZ& 5 LA /N 5 mL/min @34 L%
Akt 14 Waters Oasis HLB FEIAHZEE/ N, 1T 55
5 mL H BSR4 HkE Sl 100 pe/L 1 80% HH
B /KR (pH3) AN e 28 422 LA /INT 5 mL/min 19
SR IE o W AL Y Waters Oasis HLB [#] #HZE BN,
/S 10 mL HEEBENE s = 2R B2 100 pg/L
FY 80% HF B /KR (pH3) HEZFE S5 LATRE/NT 5 mL/
min il 33 W6 kit B9 Waters Oasis HLB [& #H £ B /)N
A, # TS A 10 mL FRESBENE; 28 EALRI e 25 2R an
s fra, HE s aTRAE H, FH 10 mL FH s e v (a1
WCRAET 5 mL, BEZE ST B BRI T ANEZER . 24
AL T A v LA Y FE BT, SRS R T Y
VAR AT RE RN, S S o AR B MR 5
OB FE AT TRl /L, WM EE ) R R, RIMEEEHRF4E
W BRSO L B B A P, BB AT BR S
Ve S BRI = (R A AR EAE ), fEASEHERTR X LA
DABTRL 58 S B R0, R, 2 PR B
JEZE)E ] 10 mL FEEBER
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Fig.5 Effect of spin evaporation and amount of eluent on the
recoveries of 14 sweeteners
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Fig.6 Matrix effects of 14 sweeteners
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2.4.1 iR PEVEE. KR, B m iR i 3 57
7R, 14 kG PESS A MBI LR TG R BT,
Y5 B KT 0.999, K5 H BRAE 0.02~4.30 mg/kg
Z 8], E = FRAE 0.07~14.33 mg/kg Z[A], 45 F 0%
I EA RS R R

2.42 MCREREEE  FERTE =PI IN/KE(1.0,
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Table 3 Linear ranges, regression equations, determination coefficient, limit of detection, and limits
of quantification for 14 sweeteners
hc UAep A RGAlIIESS YoE RE(RY) LML (pg/L) LOD(mg/kg) LOQ(mg/kg)
1 BiE s y=473.17x-909.94 0.9998 5~500 0.20 0.70
2 HRER y=961.74x+353.66 1.0000 1~500 0.11 0.37
3 IRV y=154.95x+1007.6 0.9996 10~500 4.30 14.33
4 WA B y=634.42x+2152.6 0.9992 10~500 0.07 0.23
5 LI y=5825.5x+12438 0.9997 1~500 0.01 0.03
6 AT S L it y=3147.6x+5707.4 0.9997 5~500 0.42 1.39
7 X y=64.954x+105.44 0.9992 5~100 0.58 1.94
8 (S y=3913.4x+12697 0.9995 1~500 0.10 0.34
9 A y=5512.9x+634.81 0.9997 1~500 0.05 0.15
10 Wi 3t y=30233x+12080 0.9991 1~500 0.34 1.13
11 T T y=1584.8x+861.84 0.9993 10~500 0.97 3.33
12 ol oK — A e y=208.29x+1131 0.9998 25~500 1.03 3.47
13 TR Bz — AT H y=14739x+6313 0.9997 10~500 0.02 0.07
14 Jetiim A y=299.53x+217.45 0.9995 10~500 0.17 0.57
4 14 FREBRAY [EDICR ARG 35 (n=6) 5 EHMRFVREM 5 Am i 5 AT b
Table 4 Recovery and precision of 14 sweeteners (n=6) Table 5 Comparison between standards for sweetener testing
A TR TR H H il methods and this method
aEr A ( 0 0 0
mg/kg) (%) RSD(%) RSD(%) P WE— . P
1.0 93.56 8.13 9.68 = Lt bl (min) (mg/kg)
BTy 50.0 96.96 3.20 3.01
B/T 22248- . NS
125.0 102.42 2.53 2.63 G /2008 8 HER AR 15 1.00
1.0 95.34 8.87 8.49
GB 5009.28- , . .
e 50.0 93.20 5.05 573 016 ikl WAHEIEE 20 5.00
125.0 95.29 9.83 6.11 GB 5009.140- e . .
1.0 9421 8.49 3.59 2023 g WAL 20 060
BIURTV 50.0 102.50 1.83 8.01 S 10 10.00
125.0 101.09 0.39 3.66 GB 5009.97- - WL 10 1000
1.0 96.33 8.27 6.16 2023 = ——
bt 50.0 96.08 6.59 5.55 i )ﬁijgi' 10 0.03
125.0 95.12 4.17 1.80 750~
1.0 99.66 6.81 6.16 WA, 26 0.0
et st GB 5009.298- —
TR 50.0 96.44 6.71 6.05 AR . e
2023 WORH (7 R IR 0.30~
125.0 91.88 6.99 1.19 s 7 100
1.0 96.83 8.35 8.93 ) N -
R 47 [ 50.0 90.89 4.56 3.91 GB 52%0196'263 Frr 7 B B Ao AR %S 14 15'9000
125.0 86.16 2.93 2.46
GB 5009.247- . s
10 042 9.68 513 2016 At WAREIEE 30 020
SRRk 500 §9.45 96337 LI BT, T e
125.0 99.68 3.66 3.12 SN/T 3538 " Wi et iyt W EEREE o 001~
2013 e JEp 1.00
1.0 96.44 6.84 6.54 2
[iE+ 50.0 94.58 8.41 7.27 AR R B
125.0 94.40 6.70 1.59 %#ﬁ/ﬂfﬁéﬁ%ﬂ LT
2 | Prtr \Eﬂﬁ N i Y
1.0 90.64 9.76 7.57 e W T T A £ R B 0.02~
okl 50.0 98.68 9.77 0.32 Aok fﬁ‘} %ﬁg}fﬁﬁﬂ%ﬂf;{t@ Fik 55 430
125.0 101.25 4.47 4.48 A L, RS R
1.0 94.47 9.97 6.68 AEH, bl A
By 3 it 50.0 93.80 6.77 3.42
125.0 96.45 2.19 332 2% 5. WK 5 ATLUAE Y, AJrEETE 5.5 min P [R]EFRS
1.0 95.51 4.71 6.89 . . N N
BT 50.0 95.66 738 573 I ELAE S 14 FREERGR], AR T EAR TR I TE] Py
125.0 98.65 1.45 3.96 R HHAE S 1~6 FPETERFEAG B R, B
1.0 96.42 9.46 6.19 e B . .
i) e =N 50.0 98.43 4.77 2.40 FE7J<5|ZEHEHEETgﬁ @7‘:/]‘, i‘%mﬂﬂgﬁ‘{iﬁ-ﬁ l%ﬁ(ﬁ VR
1250 8858 300 577 OBE RS AT WIS A 40 SR P ) R 5y 4
1.0 95.00 6.59 8.29 N § - § .
125.0 92.99 3.81 5.18 PR A
1.0 93.24 7.82 6.89 e N
SEBH IR A 50.0 102.92 8.87 5.49 2.6  SERRMEmRASI
125.0 107.08 1.94 2.99
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Table 6 Measurement results of actual samples

BEG RURHEE T DUURIEY BN TR RO A AteE am woum meora R R ma
F%5 (mg/kg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mg/kg) (mgkg) —SH/RH — AR (mg/kg)
(mg/kg)  (mgkg)

1 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
2 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10  <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
3 <0.20 18.02 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
4 <0.20 <0.11 <4.30 <0.07 <0.01 37.52 <0.58 <0.10  <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
5 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
6 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
7 <0.20 <0.11 <4.30 <0.07 4.05 204.55 <0.58 11.29  <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
8 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
9 <0.20 <0.11 <4.30 <0.07 <0.01 39.57 <0.58 10.45 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
10 <0.20 <0.11 <4.30 <0.07 <0.01 40.27 <0.58 <0.10 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
11 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10  <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
12 <0.20 <0.11 <4.30 <0.07 3.53 197.08 <0.58 9.61 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
13 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10  <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
14 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
15 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10  <0.05 <0.34 <0.97 <1.03 <0.02 <0.17
16 <0.20 <0.11 <4.30 <0.07 <0.01 <0.42 <0.58 <0.10 <0.05 <0.34 <0.97 <1.03 <0.02 <0.17

ARG G A = SR B IRRDS, T 16 . K
M) 2% S 4 o, 3 P S b o R A R
8.33%, 7 Hr & 18.02 mg/kg; ZE FE B (& 1 R Ky
16.67%, 58N 3.53~4.05 mg/kg; Br] 3 B4 & A4S HH
KAy 41.6%, S hEl 37.52~204.55 mg/kg; HHEZE Y
o 3 25.0%, S &N 9.61~40.27 mg/kg; AR
HE TS P P ARAG Y, RN LG 6. SEBREESL STl
R, WIS P AAAE 2T | R 2= . BT L RN
HERR A, SR, BATAYH AR bR sl ik &=
FEAR LB AT TE T 552 o 0 FAAKS: L BR BBl e
RS VI IR E BH A A P e b . DR, AR IR
Briree =TTl AR TN
3 iR

H HTEH R AN 5 AR AEXT AR SRR A RS0
TP AT | JG L IR ARG I Z2 R 551 A SRy BR A
ASBIFGE 1 U ST. T AR A H S, G O (i FR BT
1 IR A ARSI T S b 14 H BRI 4 A3 AT I E Jr ik,
ARSI I BAERTANBRSRAF R: W shAHSA 5 mmol 2.2
£z 0.1% MR 7K -5 mmol IR %k 0.1% HI iR H fist; %
B 80% FHISIK s PR HORIEZE o 1l AL, ZEHU IV
& Waters Oasis HLB [HEAHFEBU/INME ;s BRI FH &R
10 mL; UIFE R PR A HLIAFIMINIR O 0 FER SR
P, 14 P A e HAR MG B N 2 56 3R AT, P
REFRBII KT 0.999, K H BR-A 0.02~4.30 mg/kg,
H RN 0.07~14.33 mg/kg, 7E 1.0, 50.0. 125.0 mg/kg
MK SE TR, BE Y R IRCR AE 86.2%~107.1%,
RSD #J/NF 10%. LA 45 RBHHAF ST A9 LC-
MS/MS 5E ST IR RAF I rER P ARG 25 B, T
FHF ISR 14 BRI A PR ml . 5 EdRAH
FEAS 92 A ARSI Bsk [ RSN B A 751 A 24 T HLA A
WP ASHESRAT BT WA T A T R
it HP P A AC TR 5, AT B A bt AV RIS B S T
Y, W e e AL
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