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# E: BoY & — Mo A 3% - 8K R 3% 74 (liquid  chromatography-tandem mass  spectrometry,
LC-MS/MS )k 1P 2 LR v 2 7 0 o5 RO e A k. Faik TR b 4K R T 10 f590 B 2o B
HERE, 13 ] Kinetex®™ Biphenyl 100 A 43543 (100 mm=3.0 mm, 2.6 wm), L7k i 1y 37 S0 A A 2 Ve I 0 5
R H HL I 25 %5 - i (electrospray ionization, ESI), 7E1E & ¥ £ /& b M5 (multiple reaction monitoring,
FMRM)EE X TR, SMRIEE R . SR BMETTHFE 0.03~40.00 pg/L Ji & vk 570 Bl Y 2 B O R gtk
KA, MXFREGK 0.9999, KBy 0.10 png/kg, EwFRA 0.30 pg/kg, 7EML. K. dm. & 4 AR
JFEARACE T B [mISCR 80.8%~109.8%, AR FRMEN 22N 2.7%~12.5% (n=6). LRI ZJi LA R
BRORE s, BRAERTRR, WEARETEE, AT T AR AN 2 AT R AR R A BT S XUR PR AL, SRR I T
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Determination of advantame in alcoholic beverages by liquid
chromatography-tandem mass spectrometry

XIN Ruo-Zhu"

(Meihekou Center for Food and Drug Control, Meihekou 135000, China)

ABSTRACT: Objective To establish a highly sensitive analytical method for the determination of advantame in

alcoholic beverages by liquid chromatography-tandem mass spectrometry (LC-MS/MS). Methods The

wine

samples were diluted 10 times with ultrapure water, filtered through a membrane, and then injected. A Kinetex®
Biphenyl 100 A chromatographic column (100 mmx3.0 mm, 2.6 pm) was used, with water and methanol as the
mobile phase for gradient elution and separation. An electrospray ionization source (ESI) was adopted for detection in
the positive ion scan multiple reaction monitoring (+MRM) mode, and external standard method was used for
quantification. Results Advantame exhibited an excellent linear relationship within the mass concentration range of

0.03 to 40.00 pg/L, with a correlation coefficient of 0.9999. The limit of detection was 0.10 pg/kg, the limit of
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quantification was 0.30 pg/kg. The average recoveries at the 4 different spiked levels of low, medium-low,

medium-high and high were 80.8% to 109.8%, and the relative standard deviation was 2.7% to 12.5% (n=6).

Conclusion This method has high detection sensitivity, is simple to operate, accurate and reliable, and can be used

for the trace analysis and risk assessment of advantame in alcoholic foods, providing strong technical support for

scientific supervision of the alcoholic beverage market.

KEY WORDS: advantame; alcoholic beverages; high sensitivity; liquid chromatography-tandem mass spectrometry
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2B SR AL GEAR N, LR R 3 A x5 T 11 J
B REI, R, FOALEBNCN T 4 K6 BRI R
A BE 7 AL TS0 R ) DL 35 A T Y RN R VR R E, L
b PR, PR AR I H A2 AT i AR
FE] % £ it 20 4 W B RS A R ARG 0 R ) X AR
AR T Tl ez AL XA A E T W
B, T B RV AR B R KU D), Bk TR
R i 4 A Y 2 A T A Sy — o R ) o
JRRE IR, L B 2 A REREARY 20000 1% . BT ELEAG 100
5, J R A0 R R A R R R T Rk GB
2760—2024 (£ kA ZZARIE £ 5 TR I P AR )
T TS R SROB SRR AL ORTR), HARE AR R L
BRI . A TR PORHSE Z R S, R B
FUE T P BR E, (EP AR S AN L6 L A/ 8 A3 TR =2
Wo BTSSR A &, IS LU, (KT
FEEN BB E LR E | PHTEE . =& RERESE A, W
Wb, ST 2R 114 R AT ARG I 3 6 PR 2
RS A BRI B

B, R R B b A8 T R Y R
FRAER IR 5 1k, AU & T BIS 202201 £ dh#b FE A 36 7

%P R TETT A I AE ), AR S STk E B AR,

F BT WA €535 %5 (liquid chromatography, LC)M*S1F0
WA {8 1% - 5 BE % 15 (liquid chromatography-tandem
mass spectrometry, LC-MS/MS)!'6=211 Hirh | LC #6:3) R %
BERAXTEAR, LC-MS/MS Y J5 IE K tH IR — R AE 0.5 pe/kg
% 30 pg/kg Z A, ik bRTE 1.5 pg/kg & 100 pg/kg
T 22T T R A VR R e P
PP, REEFL . B A TAMORL . ACRRESL | SRR, Ek .
R 5 A 1 it 288 1) B AR ) 1232427280 e RS AR U
T2 2515 R T 2 A A B0 4 45 120 AR g L
DL . R4 . o . SRERTE b4, S Ak g
J i 2 A LA KR R A B 7 0, 57 LC-MS/MS I 5E 1
AR A R B AT P A, LAY Ok e 1 T EH ARV 2R d
IR Bt AT S XU A AR AL S 2 R A, Rl AT
Kl I A T ER S

1 RS

1.1 MR5RF

WK 10 Bl 0, BT A 3 Ah, B, RER
2 2 B, W TR O AT

FERE T FHARE R W (BT R R B R 800 pg/mL, dbatizss
FR bR L), R 0 P RR(figal, SE1E Fisher
NEINE
1.2 UE5E%

API4000~+ 7 3 AH €2 135 - 53 Bk JoT 135 43 [ TAC H 95 25 o 1 U
(electrospray ionization, ESI), & AB SCIEX /> #]]; PL203
RV PO R CRE B 1 mg, B EMRERE-0 R 2[R
4N F]); WP-UP-YJ-40 BUAB 4K UL ) IR AR K AL BRI 48
FRZAF]); Kinetex®Biphenyl 100 A ff3%4:(100 mmx=3.0 mm,
2.6 um, 3%[F Phenomenex 23 F]); 0.2 um fHfLIE AR (E [H Pall
NEINE
1.3 LWHE
1.3.1  ARBZEIREH

A A WG L 1 T AR I (800 pg/mL) 0.125 mL &
100 mL 285, FH 50% F RS TR (L2 0.1% FF R )Xot ik
TIBRITEAZZE, BRI EN 1 pg/mL By H
PRUEVER . il FERE, PR S0% FF BEA (R 0.1% 1 R)ZE 2
TR TP AR VA TR, O BT SV B4 B8 0,03, 0.05,
0.10. 0.50, 1.00. 5.00., 10.00. 20.00. 40.00 pg/L Y &
G b T AR 3R DA K T R4 A S 8000 T v B o
240 pg/L B bR AR
1.3.2  #eARiE A4 &

SRIFRI 1 g &5 I RECRE BT 2 0.001 )& F 8 4
10 mL 20, 43 BIA 10 pg/L bRy T 30, 50,
100 uL, 100 pg/L ARESE F# 30, 50, 100 pL K 1000 pg/L
HEARETR 50 pL. 200 pL, FEAMREIIFERE 1 h, Hl&H
HARIE AR EE 4351 0.30. 0.50, 1.00. 3.00. 5.00. 10.0.
50.0., 200.0 pg/kg.

1.3.3 #enarats

FREU 1 g BERECHTRIZE 0.001 g)B T 10 mL &I+,
MaiKE e R 22, RS, % 02 pm AL
TEREE HEA T ML AE
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RARE T
fA3%F 2 Kinetex®Biphenyl 100 A i%41(100 mmx
3.0 mm, 2.6 pm); FRshA AMIRIK, BAHA FEE, B RETRBRE
J#: 0~3.0 min, 25% B; 3.0~6.0 min, 25%~90% B; 6.0~7.0 min,
90% B; 7.0~7.1 min, 90%~25% B; 7.1~10.0 min, 25% B; i%
FEFEIR 40 °C, #EFEAFN S uL, i 0.4 mL/min,

1.3.4

i A
ESI & T R IES FHAMBL, 2
(multiple reaction monitoring, MRM)#& Z; i 65 55 B JE
5500 V; BTN 550 °C; FALTIRTIN 379 kPa; IS
JEJIH 414 kPa; AT SR 207 kPa; lff#N 7 mL/min.
WEES T Jeg AR RE RS PSS EOE LR 1.

1.3.5

F1 ENBSFHFRIESH
Table 1 Monitor the mass spectrometry parameters of ionic equivalents
&y LB i 1] /min BEBS 7 (m/2) THET(m2) B B4 i [0 /ms ERRHIE/NV MEE AR eV
102.1° 100.0 80 37
FAETTRI 6.95 459.2 84.2 100.0 80 54
252.4 100.0 80 27
H R T

1.4 HIEAE

K SCIEX 1) Analyst®1.6.3 Software {4 R A,
MultiQuant 3.0.2 ZK {4 MR ik E HE 0T (8 FH Excel 2010 3
T8 4434, Origin 64 4.

2 FERE5S
2.1 JRIERHFMKL

1 TR AT E Y > T a5 20 rh ) B H45-COOH. &5
NH-JE[, FEFGSE 0, 1E . 7 PR e =
ARSI 0 O e 0 N7 1 i o S B L E = 1
L N 5 B S i e 7 o o R E K 115 M 1 1 B
FTFEEIERE 240 pg/L 02 455 B AR v A VAR, 43611 1E
B PR M H] 8 5 0 AU R [M-H] T
HEEREH, IEEFEEAMAH] vz 459.2 B
MLABLZE L 5 T 17 B PRI M-H] vz 457.2 85111
NEAE, PRRERE B T XHEAMAH]T vz 459.2 BTN
BT, AWERREEEE TR, IR R B8 Rl
BEB T mVz459.2, R R BHEE R LE 1), SRR
FET m/z102.1.mVz 84.2 .mVz252.4.mVz 192.2 M H+MRM

W s —F 5, 2 FA F R RN R 1 KR A R S RO TR
1k, FEHIFESHT 1.0 pg/L bR TR, FHLLRHIE Tk
T o 4y o oy P 5 A R T o i O e A R LA
WFEF mz 102.1 fEREREF, WMNERKRNTET
m/z 84.2 VE M BV F, Mz 252.4 & i Bl E Vs . 4
TSRO 1, BB bR AR +MRM (i
FE LA 2,

102.1
8.0x10°
wn
& 6.0x10°
=
= 84.2
= 1 84.
4.0x10°
=
& 192.2 250.4
+ 120.1
S
2.0x10 180.2| 5343
’ 459.2
L J,HMJJ,fn,J.,,,w;J.Q, , \ |
100 200 300 400
JBA L (mlz)
LY i R EE i &
Fig. 1 Product ion scan spectrum of advantame

1.8x10% | BB Flm/z: 459.2/102.1 | 4.q00] BT Elmiz: 459.2/842  1.2x104} BB T Htmiz: 459.2/252.4
1.6x10* i .
§ Lax10¢ | § l.2><104 " 1.0x10*}
i 1:2x10° w00 & 80x10°f
= 1.0x104 = 8.0x10°f = s.0x10°L
& 8.0x10°r & 6.0x10° 5
E 6.0x10°t g, o0 2 40<10°f
4.0x10° '
2.0x10% L 2.0x103} 2.0x10°f
0 . . - . 0 : : - ; 0 . . —— .
0o 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
DR BB 11]/min B B i) /min B R ) /min

2 RAETTERRHERS Y MRM B35 £ (1.0 pg/L)
Fig.2 MRM chromatograms of advantame standard solutions (1.0 pg/L)
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22 BIERHEEF

ENRIESFHAM, 4565% Cmk[22-23], BEEE
LA FHH 0.1%F ERKF B Ak 0.1% M i H Bk i 3h A,
N R AR VR AR ¥ 0~1.0 min, 3% B; 1.0~1.1 min,
3%~15% B; 1.1~5.0 min, 15%~40% B; 5.0~5.1 min,
40%~95% B; 5.1~7.0 min, 95% B; 7.0~7.1 min, 95%~3% B;
7.1~10.0 min, 3% B, #FHE5MT 240 pg/L Z 4577 #ithr HE(H
W, R ENEET I ESES UV E, R
FINAE (B A A AR B R, DR LA B e AR )3
0~3.0 min, 25% B; 3.0~6.0 min, 25%~90% B; 6.0~7.0 min,
90% B; 7.0~7.1 min, 90%~25% B; 7.1~10 min, 25% B i,
SRR, ZfEITER Ak R ARRAR YT, RIS FR H e
IVR(EE i

A E TRBIAHME VR Y S5, 2% BIS 202201 il
S R4 VK- IE R TREHE, XaRI T 0.1%H
fR7K-0.1%F R HFEE . K-FEE. K- 05 3 Fhif shAax) 218

T3 R G LR, SR BE, LIOK- B R S A,

T P T 0 Y G L0 WA B s LAIK - 26 S T 3 AR I
k=, HERm AR, M2, Wit hK-HEm
Wi 17 A S SRR 0.1% PR R 7K -0. 1% FFY 75 FFY 2 A i 7
2.3 £, SR K- BAE R 1.6 fELE 3), #§
1M, W858 LAK-H EEVE R shAf, LA m i I i 2 0

WS b, MR AR (A0 B R KO RE 4R R I OE
B R o SR, B AR T AR B AE L IE AR AR R, X
AIREE R N R A B b= S 8Os ATl
5B G WA, aTREREE R, FIA M H BRI RE M
il Z A5 T E B AR S T R S R AR TR e S Tk, &
HHE TR EREAHT, ZE TS
KRR, TERUR 5T R B, AT 5 S0 Ry (i A1
X5 BIS 202201 275 SCHA[24]3 R BE B IR 1 3 sh AH
ZER 3

3.5x106

3.0x10° -

2.5%10° |

2.0x10° [

Wi 7 38 & /cps

1.5%10° [

1.0x10° [

5.0x10° [

0
0.1% R 7K-0.1% I iR FH i 7K -HA e
VB
P 3 IR SR 0 2 7 IO 107 {4 5 7

Fig.3 Effects of different flowing phases on the response
values of advantame

K-Z. )1

23 HmAEHIEEE

FURIT, 2218 7 FH 60 Al A B 5 vk R T 20 18 B
P YR T B 220, s i S 228 [ A A B Ak O 41
AL AL, BEXE RS, AR KR PR
A 52 BURE I A BR300 AR 9 9 F B AT B B 1 K,
LTSRS Y 32 B o M KR 2B, HRf S R o A e
AHXFBARIX — o, BERRE K 10 F5H0 B AE J5 20 A58
PEREIRTAC IR i, A2 T I H Rk O NG S ML AR LS
ARG BB, HA SR ORI [, R
BT TSR E AT IR OLER (R, 10 R RS AR
OB RANET | RIEFIRN, SREE 228 BRIE R 2.
(BRI ERAE, LAE SR AL PRARAS B TR PR . JE i A
FVEEIY A A bR ELSCEIE AR YR BE 400 pg/kg), [Nk
FHhETF 99.9%~108.5%, Frigah Fa AP,
24 EFRMN

R 2 A AN, O 2 R i R S B A X R
Z A RFEE R A RS AT R &, KRB 1.3.3 ITRLER)
FESRRTALER 5, )l 4% 1 T RRS 8 T i A 2 TR
P TR | R 250 G i A Y 7 ) T o 222 3 i ) i o
FRUEIRI, -5 16 R AR E 2R 50 TR IR AY 45 14T 3t 47
TE o SRR TR v ph 2 0 )38 T 04 2 T R T o
VW ST, R SR -5 B (E A T 40 FOAE R DA 3 i
BN ARG o Y RE TR RV AL T 85%F 115%H X 8] N, 26
LRV A 2, A 2R gk 2 aTAL A
TR BT RE 5 A 2 B RN A 93.2%~95.0%, 16 I
FRE S I SE RN AR/ DN, RE RS BB R FHVA AR o i 2k
BEAT o o, AT AR A TR
25 ZMSeE. REREEEMR

Fie AL B € B T A5 R I B ofE TAER IR S, L
5 T T A A TR PN ABBR (), DA 5o 9 B DA A A2 A
(X, ng/L), il AME - HE TAEZ . SR BRER 3),
T8 T FHAE 0.03~40.00 pg/L A4 5B v 5 30 Bl P 5 390 o
R R, MXRABUE 0.9999, 7351 F 25 I AT
AT 2 G P A oAU R R R %) 2 T SR A o R S b
FEdh o KB B T ik AT 2, JF T BEEE . 40 3
A5 15 W B (SIN=3) B 5% o7 A s o 2 VR R HH R, 2L 10 4%
{5 1 Lt (SIN=10) s X6F 17 (4 Jin s et 4 4 e B PR . 70 L, A6 i
PR AR AS: HH ABE R DL K PR A IE A SR 2 39454 GB
5009.295—2023 ( &b &L EEIRUE fL2E T 7R IIE
W) AR, AR 3 AT, BT I B AR
PRy 0.10 pg/kg, & =BRN 030 pg/kg, LT BIS
202201 A9 J7 46 HBR 3.0 pg/kg Al E & R 10.0 pg/kg UL &
H I A SCHR R IE 19 7 75 5 A B 0.5 pg/kg e 1B
1.5 pug/kg®*, U WA 5 32 (0 4G 00 28 AR T, il I
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R 2 T TT R R B A PRI, ) B B e SR AR X AR v I 22 (relative  standard

2.6 EWRRSHEERE

deviation, RSD), 3R 4 A%, 0. A0 . 0 . G

T r 2 T Y [ R A 80.8%~109.8%3 [Fl, RSDs 7E
2.7%~12.5%2Z [8], i & GB 5009.295—2023 H A E 2
R, RO RA R . e R TR

FEZE U . R . ST CRERI R B
HA L L 4 R BE K- BRI WA T 8 IR b o
BB KCEA 4 T 6 (- FATRE M, FEAT DI FORS

xR2 ERHMEER%)
Table 2 Results of matrix effect (%)

BE LT 0.05 pg/L 0.10 pg/L 0.50 pg/L 1.00 pg/LL 5.00 pg/L 20.00 pg/L 1
LR FEBUSONL FEBUSONL FEBUSONL LR FE AL RN
SR 94.8 87.9 90.8 89.1 99.2 97.7 93.2
CEER 91.6 85.6 88.5 92.9 105.0 106.2 95.0
F3 LMY RUERMEER
Table 3 Linearity parameters, limit of detection, and limit of quantitative
Ew LM AR FE() M/ (ug/L) i B/ (ng/kg ) MR/ (pg/kg)
FABITHL Y=3.16289x10*X +465.87604 0.9999 0.03~40.00 0.10 0.30
4 EUERFEEENELSRN=6)
Table 4 Determination results of recovery and precision (n=6)
e Az K- F AR K- TR NAR K- bR K-
%;g, JndRa B RSDs  fibRiEE WIRE RSDs AR FKEE RSDs AR [AKZE RSDs
(ng/kg) 1% % Hug/kg) 1% % Kuglkg) 1% % Nug/kg) 1% 1%
I 0.30 90.9 12.5 1.00 81.5 5.0 5.00 88.7 4.4 50.0 104.7 6.4
A 0.30 80.8 9.5 1.00 84.2 53 5.00 90.8 4.6 50.0 109.2 4.8
gxli] 0.50 88.9 6.1 3.00 87.3 5.6 10.0 99.6 6.0 200.0 109.8 2.7
el 0.50 91.2 8.4 3.00 82.3 7.7 10.0 96.5 6.2 200.0 106.0 5.5

2.7 SRR

A 5T B 8 7 00 7 e R Tl B 0 DL 10 FhBS Tk
Sl IEAT TR, b B A AT A 3 R, R
%2 F ZEEEIR 10 BB SSRGS R 8 TR,
i /2 GB 2760—2024 E 3K,

3 45

AWFFE RS A R | B AR U A SRR B,
AT LC-MS/MS 8 T AR P R A7 i) v R A%
ST o T 1R FH AR T Y A 8 Sl A 2R A 7 66 BE TR B,
FEAMRM BT, 358 FH S I 14 25 % Hi e Pl 3 B 25 i %
S8, KRIEBERTE T R0, IR TR
RIAL PRy ¥ B K 10 f5 R BB R UERE o, &
227 A WU IR IS Ak LA B K 0 e 76 2 6k 2 2 B0 5 B
EeAE, MRE LA PR ARG R AT B L O IR A PR
0.10 pgkg, E it BN 030 ugkg F I Y KN
80.8%~109.8%, RSDs N 2.7%~12.5%, Wi/ GB 5009.295—
2023 MAHSCER, HAT R . PRAERTAE . MERf ] 555

=]
[2]8]

Pest, AR TRk
PG AR

EEPES
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