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ABSTRACT: Objective To establish a method for the simultaneous determination of 9 kinds of sweeteners
(neotame, aspartame, alitame, aspartame, sodium cyclamate, acesulfame potassium, saccharin sodium, sucralose and
stevioside) in chocolate by high performance liquid chromatography-quadrupole/electrostatic field orbital hydrazine
high resolution mass spectrometry. Methods The chocolate samples were hydrolyzed with 1 mol/L hydrochloric acid
at 60 °C for 1 h, then passed through an HLB solid-phase extraction column. The eluate was nitrogen-blown, and the
residue was dissolved in water and made up to 1.0 mL. After thorough vortex mixing, it was filtered through a 0.45 um
filter membrane. Separation was performed on a Phenomenex C;g (100 mmx4.6 mm, 2.6 um) chromatographic
column using a gradient elution program with acetonitrile-water solution as the mobile phase. Mass spectrometry was
conducted in negative ion mode, with a scanning range of 100-1000 m/z. The secondary scan mode was
Under the established

chromatographic conditions, 9 kinds of sweeteners could be well separated. The limits of detection for the 9 kinds of

fullMS-ddMS, and quantification was carried out by the external standard method. Results

sweeteners were 7.0 pg/kg, and the limits of quantitation were 20.0 pg/kg. The linear relationship was good within the
concentration range of 20-200 ng/mL, and the correlation coefficients were all greater than 0.99. Through spiked
verification, the average recovery range of the 3 levels was in the range of 75.3%-110.2%, with a relative standard
deviations in the range of 3.2%-8.9%. Conclusion This method is efficiency and rapid for sample pretreatment. It can
be used for high-throughput determination of 9 kinds of sweeteners in chocolate. The established method provides a
reliable and accurate technical means for trace detection of sweeteners in food, and is of great significance for
regulating the use of food additives in food.

KEY WORDS: sweeters; high performance liquid chromatography-quadrurpole/electrostatic field orbitrap high

resolution mass spectrometry; chocolate
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Table 1 Regulations and standard methods for the use of sweeteners

RAr# GB 2760—2024 [ A ik [[IPSLIW:RzS
i Rkt o gk 00PN B EWEEREIE i weneomn, i oot
< HA T & NEIA
B N GB 5009.263—2016 {frah @bt n J——
E i) IR 3.0 g/kg e P BRIy O ) NN RPN KR, IEC BRI
B £ GB 5009.263—2016 ARG JKHREC, IEC ke
FAETTH R TILE 0.0005 g/kg  BIS 202201 (EAMHRIETTIHNE)  BAHEOIE-Fikk CIEHEIL, T Cis R
GB 5009.97—2023 { B ihEEEARE WA ISR ,
BR A =} 4y
AR A PR ORI ) (iR AL ik
. " GB 5009.140—2023 (Rrdh e o KEER EERRAREN L RRFE TR
I i frsheh 2R ) WHIEIEE et A
GB 5009.28—2016 { {Tin ZaFEAEmRE £
foany A Vg s Wi 1= J i =3
HRs o A O o whwmmare AR G5 AKEREC, TECLEBAE
— e GB 5009.298—2023 B4R ZARE  WBAH 1R e o .
R i SR SEGEONIE)  mims ok AHLBE
SN/T 3854—2014 (i I tp R AR EH IR
LI R 0.83 gk FIFZGHHY . AZEOORE . HRmBR . H BOHEISE 0.1% 1 BR 1Y 2 /K W 7

FORRIGIE  FORA (g )

AL, BT BT BT, WE R KRR
BOPRE A S SRR TR S o AT IRSR A AR AE AL (21
EHRTFET 99.5%, REFIREFHARAR), L5
TEal, RKEFHERRA R, HmRE(EIEAA, a2l
A RRATD; EmR(rbral, E2G4ER A RAHDD;
15 FH K R Ak (B ).

12 HF5RE

Dionex 3000 & i AH €435 -Q-Exactive DU AT #HLY
138 Bk 8 40 B 5 %1 JHERAEUS Multifuge X1R 85.0H1L(3E
[ Thermo Fisher Scientific 2\ ]); KH-500B #8 #AX (E 1
ROEF A B ), WH-86 IR BEIR A 2 (R A
KT AG A D), SMATR 4k & A 2 (LI RA LA
AFRZFD); PB-20 /K FElid 4k a (b 3 B HEACER AT FR 2>
ri]); Auto Vap s60 E AL (3 E ATR 22l ); HLB [ AHA Bk
(FLHEH 3CC, 60 mg, EEIRFFHRHLARAR); Cis A
ZERUFE (S 3 mL, 500 mg, F TS sL G R A R
/NF]); Phenomenex Ciz (100 mmx4.6 mm, 2.6 pm, 3
Phenomenex /3 7l ); MSE 125P 434 K[ & 0.1 mg, %%
FIRLA AR AL A BR A,

1.3 AR ED S

FRUERE B (1 mg/mL): 43 FIRRERALEY | BT L& B
IR EAETTREE . FHEE R | CLIRE . M. SRR
FIT A HETT 9 Fhbrifl i 4 10.00 mg(FE 16 % 0.01 mg), 43 5I1E
F 10 mL AT, FAKBMIEMBEEZIE, #25), Bl
1 mg/mL (FRAERSSIR, T 4 °CURFIhIRAE, BROH 6
MH

FRUEHR (1 pg/mL): 4 AN FE B IR AR HEfif 45 74

WA 100 uL T 100 mL A EfH, FIKRBIFEZ, s
R A 1 ng/mL AR ARE P R

PR TR W IR o P R AR 2000k 5. 10,
20. 50, 100, 200 uL, F/KFBIHEAE 1 mL, FLRiaE
WRESN 5. 10, 20, 50, 100, 200 ng/mL (A R FIBRIER K,
BB
1.4 HmETE

FREL 1.0 g IXFECKE B2 0.01 @) F 50 mL 250457, Jn
A5 mL #EN 1 mol/L MERERIEW, IWHERG)S, A
60 °C+2 °CI/KIB IR 2 K 1 he KIFEEHIE, HKAR
BWHIZEEN, A SmLIK, 1824, L8000 t/min &5.0> 3 min,
WA i R

ik Cog EAHZETRU M TR YR A 10 mL AP 10 mL
KL, HETEME 30 min, BUAHE IEBGLRE, SIS
JIA 10 mL WA EE, FLMER. = 10 mL HEE
VR, I R A L R AR IR TR,
1.0 mL (YK MR G0 R A 5, WRETR S,
0.45 pm FFLUENE, AR, HLB [ AR 28 BN R: ()
HiR Y 10 mL AL, 10 mL K@k, #8W%4k 30 min,
g g WG AR, R A 10 mL B 4EK ik,
FEEMDEW . B 10 mL FEEVE, JFU B Vel = Zik
B, FERAWACHIR TS, I 1.0 mL (R EEE A b )
AHERME, IRIEIRA), 3 0.45 pm (HALIERE, B gL
1.5 KWHE
1.5.1 &iEL4t

{6,354 Phenomenex Cpg (100 mmx4.6 mm, 2.6 um);
IR 25 °C; dEFEE: 5 pL; WBhAH: A MK BN
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iE; WE: 0.6 mL/min; AR : 0~1.5 min, 5% B;
1.5~5.0 min, 5%~95% B; 5.0~8.5 min, 95% B; 8.5~9.0 min,
95%~5% B; 9.0~10.0 min, 5% B.
152 Fgdktt

AT LSS B TR, BRI 320 °C, X
(N)FRIE 50 L/min, HHBH(N,)RE 15 L/min, IKFS(N)H
W 2 L/min; SR FHMBEL, £EM0 PR
R=70000, FAfH7ER: 100~1000 m/z, — 2% fullMS-ddMS
Bk, 3R R=35000, HASHANE 2 B,

1.6 HIEALIE

FT AT 4% AR 2 3% ] Office 2024 4S5 1Y Word(hi
A5 14.0.7268.5000) . Excel(JiA 5 14.0.7268.5000)5¢ i;
HHRRA 6 A7,
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2 HREHH
2.1 UERFHHIMKL
2,11 Fi#&Meti
KRS, RN 1 pm/mL (1 9 F
FHRA A B FRUE AT A BTG, 43 BT — s 44
5, IFARYE B 7 0 o 7 R B 50 Y R

BERE I, LIRE ARG SR IE & T o8 A B
TR, UM R R A I T R, X 55
TEHAT RN 1 TR, BT AE A s SHE R BR

WA GRS, BT SRR, ML T

AR AN, HAE G RS RN B s HoA 6 b

A W TE IE G AR S A e Rz, L R B A

R2 9 MERFIBFRIESH

Table 2 Mass spectrometry parameters of the 9 kinds of sweeteners

Hir¥ A5 B4 I} ] /min B (m/2) fili 18 5/ V TEF*(m/2) FET(z)
218 5.55 377.20859 25 200.07098 301.19226
] 3477 £ 4.82 293.11533 40 200.07144 261.08875
[T 4.92 330.14963 20 312.13919 295.11218
T T 5.31 457.19965 20 200.07135 337.19370
AHEH 6.98 178.05344 40 79.95583 158.93745
LIE 6.97 161.98578 15 82.02844 77.96411
WA N 7.12 181.99103 35 105.95900 81.95184
=GR 4.87 395.00821 25 302.90475 206.91644
e RS 5.16 803.37069 35 479.26584 317.21271
W e RE T
0
\j\__s
s
N
X/\ O 9 NH, i H/
il A _AH
H HOM
NH,
A FaT 36 b BT 3t
0
O K+
N
o // o | |
\N =5
H H /N
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Fig.1

Structure of 9 kinds of sweeteners
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AT EGH . A IE T 7 R 4T, T ReSAAEHE
EEBGS D IEOL,  REE . Hi, B2 9 Mikaw
WP g TR R 00T . Ak sEAT TR AR,
e A s BRI R R A TR, B
TR R R TN TR E e . AR
TWESHNE 2 s,
212 E#FHuii

WX O FPEHUAT A fb A ZE I T BT (B 2 iR, 43
FILIRELK . 25K, ZHE-2 mol/L ZFRE N R ShAHEA T
SHTFGY o EARITEIAE T PRI IS R E 2 s, 458

KB B KR S, THEEER | LR MBI e 4
2%, WU IE-KIOR SRS, X 3 R Bk, X
HR T - K 22 mol/L ZRext HFRH oM (5E i,
RBEE ] CRREMOR SRS, SHE RS
(R SR T, (3 FARIA R R (B R AR 1~2 R0 S
R E IR, RAEMCIE- KOs, BRI
RGN AIETE AR AN -2 mol/L 2 BRE I SRR i 5
AN, ABABAE R A2 TE N o 101 H G- KA i s, prd
AP B R A, 2R RGN R B . TR
R EIE AT, 9 T HARYI AR T gl 3 Pz
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_,i”ﬂ 60F
Z 401 LiE:EN
20}

0

NL: 2.47E7

1001 2L

NL: 8.35E5 goh NL: 1.09E7

Z 6ot

E

= 40+
20t
0

Rt
i
5

1001 7.15
NL: 7.54E5 sof NL: 1.92E7

Z 6ot

E

= 40+
20t

BERTHM

A qoor 7.54 B j00r 4.46
30 F NL: 6.29E6 80+
Z 6ot g 60F
Sal  WEE =0 it
20} 204
0 0
1007 752 NLi3oaps  OO[
80 F 80T
Z 6ot % 60F
Sl uEm ERUIE
20+ 20
0 — 0~
lgg I 771 NL: 1.65E7 lgg_
Z g0t % 60
Sat R
20+ 20
2 4 6 s 10 b2

£ B s} 8] /min

R B B[] /min

s 10 Y 2 4 6 s 10

R B4 B[] /min

A HEE-K; B, -2 mol/L Z g% C. ZE-7Ko NL MIH—Aki )i 7K F-(normalized response level),
2 ARFEFEIAE T g

Fig.2 Chromatograms under different mobile phases

5.55
A1

VA
(oo}
SO
T T T

EES

A
o
S

T T T T 1

492
Pk

N
N
S

T T T T 1

oy 44 L i

A
N
S

T T T T 1

N
=N
S

T T T T 1

(=]
—
[\
w

4 5 6 7 8 9 10
P B ) [B] /min

EAETTRH

RIS
N
S

FHARETY

VRIES

o 1 2 3 4 5 6 7 8 9 10
1 B B} 18] /min

3 9 FEIRAITEDL LA T B ki

Fig.3 Chromatograms of 9 kinds of sweeteners under optimized conditions
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22 BIRCERRAFEAL G, 1260 CHPF T, KIBIRSKAR 10 R, JIA S mL KR
155y A S R T AT AR, UK iR, B e ARRRELDIR R, ek ORGSR dh 6B

ISR A, R TT el e ey T SEUCHUKIRIGS S BIOBOR . AAERIERITT,

W 34-38 °C, MHAFTRETIF 40 °CRf, ATWERI AT A glg  TUOCSIFAOKIRGE R, Ko AR A D REATRLRRRT i . (At

WEVE A, IREEAE 40 °CIN, B 0.5 hIF, RITT v TR KRLUR .

FROMIHE R E S R BRI, I5 75 ) CABER, )2 %42 5 mL E R 45128 0.2.0.5.0.8.1.0, 1.5 mol/L

Br BT RE, R (. F2wehh W fE 60 CCZEAURAE TR 1 h BRI
FHARERE, Tkl 045 um W RugRL, Mt TRECNIL O BRI ORRE R g, S

JE SN TG VT SR ST K AR, KRR P TR 1.0 mol/L FRARHEAT /KA, [HICR L Al ik 89%~96%,
220 KK ot 8 A FUREE RT3 SR FRUE KT 1.0 mol/L, 9 At uk I

#2557 5 mL 1 mol/L hERVAEK AN 5 mL 1mol/L NaOH A DS ERNFEB BN, IR &% A 1.0 mol/L #hiig
VRO I 58 K 2 S . PR BRI 5 I RE S ST X i A i )

®3 BEBEKRENRL

Table 3 Optimization of hydrochloric acid concentration

e Bl /%
0.2 mol/L 0.5 mol/L 0.8 mol/L 1.0 mol/L 1.5 mol/L
A 33.5 50.4 76.8 94.2 94.0
By 7 £ 35.6 51.7 82.7 93.3 91.9
Fiy 5 20.4 42.6 80.0 89.0 89.2
EERTI 373 48.9 77.4 92.1 92.8
[IESA 29.5 42.6 76.5 86.3 86.7
LHEE 48.1 62.8 81.4 89.1 89.3
WA B4 36.6 60.5 84.5 90.7 91.8
=GR 28.9 45.9 76.8 9.6 92.3
FE=LicR 32.6 53.6 78.9 95.7 95.8
2.2.2 KRS JE A KRR ) 0 i 4F [H et B A FH HLB [ AHAE O R4 753 HT o PR HEA T tte |

2 G FE XTI 58 T RE B OKSERCR B2, LR B F BV B RE RS A O RSCR, TRIIBCRAE 80% LA I .
WA IEM R, HEFE T 20, 40, 60, 80 °CE T X #E .
SRR 5 mL 1 mol/L $hFRUKAR 1 h (LA, ZESEM, BE L
FIEIE T, O FIFTRA A0 KRS W, 435 60 °C 1007 :

Ja, ECRORNFLI B3, Fit, BEHF 60 °CIE MR K
IR 60

AR T KRR AR, 5487 60 °C X} 40

555 JIREME 5 mL 1 mol/L $hER, Z-5IKfE 15,30, 45,

80 [E

B 4/%

60, 75 min FEAIR, 45 FAHT, B KRR I ke i, o Fh 22 i | -
FH IR R B2 42 5, YK AR ] 60 min W, (] & Q;b & 4@ &F 45 & ® & &
FIJREL T 80%LL 1. I, BEPE 60 min 1 K it 1] . & éég%’f & % 5&%
223 BHFERAEMLEF REYE

9 FhEBRFN B E FRAEL AP, A5 R TR
(HTAL AL T HLB (5 AL A Cis P AHASBUEROROR, Fig.4 @D?ffeInllliiﬁrioﬁi\f;jrjifefi?iswf:tgfi:Ifferent
PUInAR R 100 png/kg (9 EISCRVE AR FE bR . G55RA01 4 fF solid-phase extraction columns
7~, HLB [EAHZE IR B R0 R BR 22 T, X T Stk 55
BRI . Bk O BRI gt e 23 TIAFIRN
Fetk ok, {5 HLB [EAHAERCGHE Y pH JE R 5, ik 23,1 BT BA R
AR EAFRE . hT o FIFERARIFE 2 Sk, W AR AR, 0 o FIEGRIEATINE, R
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AhBRIEE . DA AR HE Y T B I R R N R AR R (X,
ng/mL) ., W B RABIR(NZHlbrEfZ . aTLIAE 1, 9
Rl RFIZE 20~200 ng/mL P AYLE TG R RAF, MHSER
KT 0.99 LUGEIE N 3 F1 10 435I A i BRAE FEBR
BEPRZS TG 501, XA HH PR A e PR B R A A M L gR AT
BOE, KBRS 7.0 pg/ke, RN 20.0 pe/kg, 9 Fiit
DRI (5 506 FE 25K . LRSS IR N 4 s . [5MRLLY
TG JE e WA 7 1% RE A 7 S B il w0 ARG 0 2
AT, T LA R 20 AT 32 1 R SR A m] ik

232 WRERAEEEL

TEIZS P10 PR R0 X5 5 1A b AT A T s RO 85
F, MRS GB 27404—2008 ( S E AR L ) ik
HUE R BR | Ho e A% BA B 3 R B K EA T InRR S5,
BAKFEEEME 6 W 76 9 FESINFI P, AREZRNE
AERE . BT e, BT ECRA ST, oAb 5 Rk
TR Hrh BT R AR BRI AR, A 0.0005 g/kg, FTLA
LA E U K43 518 20 100, 500 pg/kg. HARES
RN 5 PR, FEIGFEHITH, 9 FREERIZE 3 U

R4 MEMRFIMLMSIE, HXRY, RHRMERR

Table 4 Regression equations, correlation coefficients, limit of detection and limit of quantitation of 9 kinds of sweeteners

&Y L HHK R AL K H B/ (ng/kg) E R/ (ng/ke)
A Y=73493+12275.4X 0.9957 7.0 20.0
]y £ Y=40240+51165.7X 0.9977 7.0 20.0
by 7 i Y=49230+72738.3X 0.9942 7.0 20.0
FE T Y=54832+81021.3X 0.9984 7.0 20.0
HiEE Y=51078+74223.3X 0.9989 7.0 20.0
e 2 Y=19112+34279.3X 0.9945 7.0 20.0
WK Y=70240+78206.9X 0.9929 7.0 20.0
=AY Y=15677+12356.6X 0.9925 7.0 20.0
(gL Y=25443+24677.5X 0.9966 7.0 20.0
£S5 I9% AR EHERTNFRE RS Z B R (=6)
Table 5 Recovery rates and precision results of sweeteners spiked in chocolate samples (n=6)
Sy KT (pg/ke) L N RS
[l ER /% AHX B AR 22/ % [T 2 /% AHXS PR IR 22 /%
20 78.5 8.4 80.5 9.2
A1 100 82.3 7.2 83.9 9.1
500 88.5 6.8 89.7 5.7
20 90.2 7.7 75.9 8.8
oy 35y £ i 100 95.6 6.8 80.4 7.6
500 100.8 43 83.5 5.6
20 87.8 7.9 85.8 8.3
Bl 100 97.4 7.0 93.5 6.8
500 103.5 5.4 99.8 5.2
20 92.4 52 94.3 5.3
FE T 100 95.0 4.6 97.4 49
500 108.7 4.8 104.3 4.1
20 82.3 6.9 85.6 6.3
S 100 88.7 6.1 89.6 5.9
500 98.7 5.4 97.4 4.8
20 79.4 6.3 76.4 7.8
WEH 100 84.5 55 79.4 6.9
500 88.9 4.9 83.5 5.8
20 87.4 5.4 88.6 5.8
WA 100 94.5 45 96.4 4.4
500 106.4 3.9 108.9 3.2
20 92.1 5.4 90.4 6.0
=GR 100 98.4 4.8 100.3 5.2
500 107.9 4.0 110.2 4.6
20 753 7.8 77.9 8.9
CIE=) R 100 78.9 6.9 80.3 8.1
500 83.2 6.0 83.5 7.6
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