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AW, LK A K b THH, R B REAE
AR TR TR oL, Jb s B2 s 0, dbat 100013)

B E: BM  #rHE SO G5 - 5 BT T 7 (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) R B I (130G rpoZ2 5 &l B4 EAT 45 o FRtR A M s sk FOIRRA,
LRI IMIARR 2 Ol SERS. 1 0.22 pm JEREE, SRR H 0.19% Y BRK VBRI 4 FR ISEAE S it sl R 07 T 0
BEVEM, (AR it D Endeavorsil Cig (100 mmx2.1 mm, 1.8 pm) a3, ik (ESI+. ESI-)R FH £ 5 Wil
& (multiple response monitoring, MRM), X 9 FIEERFIAYE i . k& F#ATI0 I, £55R A 47E 10 min
PATSEIR 9 A FARAL M 00 B 0T o 9 FEIIRTR S0 ARG G H BRAE 20, 50, 100, 500 pg/L 25 2 AE K-
ISR 84.8%~102.4%, AHATARMEM 22 LIE 3.6%~8.3%(n=6), & MEHURILL S )y 2 i RS 1.0~
15 ug/kg. 85 AT, PR, SEAUER . RO, EAIE P e 2T FHEREE A 9 R
R

KRR AT SRR - BT P R ik

Simultaneous determination of 9 kinds of sweeteners in liquor by ultra
performance liquid chromatography-tandem mass spectrometry

LI Li-Ping, FAN Sai, LIU Wei, ZHANG Nan, WANG Li-Li, ZHAO Rong, WU Guo-Hua"

(Beijing Center for Disease Prevention and Control, Beijing Research Center for Preventive Medicine,
Beijing 100013, China)
ABSTRACT: Objective To establish a method for simultaneous determination of 9 sweeteners in liquor by ultra
performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods The liquor samples were
heated in water bath to remove ethanol before adding water making constant volume. The solution passed the
0.22 pm filter membrane and was separated on a reversed phase using a gradient elution program of 0.1% (V/V)
formic acid aqueous solution and menthol solution through Endeavorsil C;g (100 mmx2.1 mm, 1.8 um) and detected
by MS/MS under multiple reaction monitoring (MRM) mode. Using MS/MS (ESI+, ESI-) with multiple reactions
monitoring (MRM), identification of the major components of 9 sweeteners was performed based upon the intensities
of fragments. Results In this method, 9 target compounds were isolated and analyzed within 10 min. The recovery
rates of the 9 sweeteners were 84.8% to 102.4% according to the detection limits of 20, 50, 100, 500 pg/L. The
relative standard deviations (RSDs) were less than 8.3% (n=6), and the limits of quantitation (LOQ) for the 9
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sweeteners were 15 pg/kg. Conclusion The proposed method is fast, accurate and sensitive, which is suitable for

detecting 9 sweeteners in wine.

KEY WORDS: sweeteners; ultra performance liquid chromatography-tandem mass spectrometry; liquor; detection
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N T A BCRHRT, (R 22 1 AR A O A A R 51
FVFIAE &, AnFE A 2R,

£ b PR A AT 5 A O kO Sk
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JiE . ARG 2 R T[] A ARG 3 8 AR AN A S ) A
TRORE €3 FR I PR AT R R T . R L BB
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R R R v 1 B8 11 | R & e 1) S RS s U
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HA 3% B3 6 T3 ) UOTH DBS 52/007-2014 (£ 544 b
FAREFTE PR 2 PR AN . ZOTR RN = SN DO
WA A4 0 2 9 YRR €38 — AR 3 ) VTR R AR
0% R IR SR G I I P AR R, (R AG I O v L
PR IR SRR 5 A ST A SR I 5 T R e o 1) A ) 386,
AR T A, WO BT K 22 Bl A R0 [ A S I ) v 3
SRS 3 o AR5 3 3 v RV € - ER R S A
FIT R 2 T . BHASRETTSE 9 RIEHIRR, 7522 R |
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21 UESEHF

ACQUITY UPLC H-Class # &30 G . Xevo
TQS = H DU AT BT Ek X (35 [ Waters /A &]); XPE105 H
FRF( R -FE R 2 A H).

9 FhEHBRFIARAED ST : LFEEE: A > 98.0% . Balir
it RRE > 98.0% ., HMREEN: 41)F > 98.0%. FHEEX: 4
>98.0%. BTyl 4i)E >98.0%. Zifl: 4iE > 98.0%.
SRR 4B > 99.7% ., FAMETT: 4L > 98.0%. ETE
il 4 > 98.0%, 2 A % Dr.Ehrenstorfer GmbH
/NG

ZNE. W, WER(IE%4l, 25E Fisher 24H]); LI
% /K A Milli-Q #B4liK .
22 TWHE
221 BREAH

FRUERS S IR AR RBURAESD 25 0.0100 g, 43511
KR ELZE 10 mL, #EN 1000 mg/L, 1~4 °CUKFEH
PRAE; TRAPRUESE TR AR AR v i 5 1 T2 S B
HIHEE 1.0 mg/L PREVRUE TAEMR . 1~4 °CIKFEHIRTE
0.1%H BR/K7T: B 0.1 mL HEET 100 mL AEMF, E
£ % 100 mL,
222 HonaraE

FREL S gCRE B2 0.01 @) FITBRE S IR BR 2%, Hefs 2
50 mL i, MakER 2 20E, 1RE, i 0.22 pm I
I 2 8 1 55 A €8 33 B I TS AT o
223 B4R G- BBt

(1) WA eSS

il & Endeavorsil Cg & % £ (100 mmx2.1 mm,
1.8 um), FsHAH: 0.1%/K(B1)-FEE(AL), Hiid: 0.3 mL/min,
PEREART: 5 pL, FEIR: 35 °C. AR (s Bh i e B AR 7
0~0.5 min, 95% B; 0.5~2.5 min, 95%~10% B; 2.5~6.0 min,
10% B; 6.0~6.5 min, 10%~95% B; 6.5~7.5 min, 95% B.

(2) Bt

BF R HBESE ML ESI(ESI(+); B 4N A HL
3.5 KV[ESI(H)], 1.5 KVIESI(-)]; A T: s B bt
FE: 500 °C; ByAF S 1000 L/h; FA38: 2R
WX MRM,
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3.1 FgEHMHK

9 FhEH R AL A0 A bR HEVE TR BC 1 1 100 pg/L e B
PR SR ST, AT, 43S AE IE BT R e
BiUF AT — R . S5 R, BETEEEET
BN A BR A BEE S, oAt 8 FhEIBRIIAE 7 8 T AL
TABEMWM SRS . i TE b S W BRI 25,
AW IE 1 B VI R, B b & Wi o+ 2
T, BT B AE RS T, Bit—S T gk
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Je e BB, ULk HEfL R R AR RE &, 9 FhERER AL &

3.2 FHAENZMTEERKEER

iz B 45 B AR 240 00 53 o) 0oL R, TR VR A B T T
WA, FERALIE G ﬁ%%ﬁmﬁﬁT&HME L
A5 I ) € i 0 T REOXT LA VA T v 1) B S A TR [T I,
LRPEIE AR . AHSE R BRI LA 2. ik 2 nl i,
A EOR T AR A AN T BN S RAF R ZR ik, A R B
(KT 0.995, RHAITESS FFEBR I I HFRL 519 7%,
PLAR M L Oy 3(SIN=3) it 5 £t BR (LOD), 1% M 1L
10(SIN=10)i153 4 HBR(LOQ), = &M | Wik Al Rl Fh 2
RURHR R A e B, e3R8 . B Jp Rl T 2 S5 E k)

_ SE HEBRAIR, 9 FhZE 43 oA H R E B R UL 2.
VIR ES el L LA 1, AR 1 1 O FIAIRR 9 F i :
F1 HEMRIESRMENSHK
Table 1 Monitoring parameters of multireaction spectra of combined substances
s aw BjES5-(mi2) TETFmz HALBENV  REERER/V LENEY 52N

1 161.9 82.0%* 32 14 ESI(-)
4 FE % (acesulfame)

161.9 77.9 32 30 ESI(-)

2 177.8 80.5* 70 22 ESI(-)

fiif % % (sodium cyclamate)
177.8 96.4 70 24 ESI(-)
3 181.7 106.4* 8 16 ESI(-)
WK £l (saccharin sodium)

181.7 42.7 8 18 ESI(-)

4 293.2 261.1* 34 10 ESI(-)
[T 347 2L EH (aspartame)

293.2 200.1 34 16 ESI(-)

5 329.9 311.9% 36 12 ESI(-)

[T 7 %l (alitame)
329.9 294.9 36 22 ESI(-)
6 377.3 199.9* 48 18 ESI(-)
4 (neotame)

377.3 345.1 48 12 ESI(-)

7 394.7 359%* 58 12 ESI(-)
=S M (sucralose)

396.7 361 56 12 ESI(-)

8 803.3 641.5* 45 24 ESI(-)
45 BT (stevioside)

803.3 479.5 45 60 ESI(-)

9 459.2 101.8* 50 28 ESI(+)
Z 187 H (advantame)

4592 83.8 44 4 ESI(+)

fEn
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+
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3.39 803.3>641.5

050 1.00 150 2.00 250 3.00 350 400 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100 | 3-/3C 803.3>479.5
0

050 1.00 1.50 2.00 250 3.00 3.50 4.00 4.50 5.00 550 6.00 650 7.00 7.50 8.00 850 9.00 9.50

100 2.64 394.7>359
ol
0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100 2.64 396.7>361
° I
050 1.00 150 200 250 3.00 350 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100 : 3.00 377.3>199.9
0
050 1.00 150 200 250 3.00 350 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.0 9.50
100 3.00 377.3>345.1
’| I
050 1.00 150 200 250 3.00 350 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100 2.65 329.9>311.9
| N
050 1.00 1.50 2.00 250 3.00 3.50 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100 : 2.65 329.9>294.9
@ 0
s 0.50 1.00 150 2.00 250 3.00 3.50 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
g“g IOOE 2]46 293.2>261.1
0
050 1.00 150 2.00 250 3.00 3.50 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100 243 293.2>200.1
° N
0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100¢ 3.11 181.7>106.4
0
0.50 1.00 150 2.00 250 3.00 3.50 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
IOOE 3.12 181.7>42.7
0
0.50 1.00 150 2.00 250 3.00 3.50 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
177.8>80.5
100E 6.30
0
0.50 1.00 1.50 2.00 250 3.00 3.50 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100 6.29 177.8>96.4
° .
0.50 1.00 150 2.00 250 3.00 3.50 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100E 2.56 161.9>82.0
0
050 1.00 150 200 250 3.00 350 4.00 450 500 550 600 650 7.00 7.50 8.00 850 9.00 9.50
100 E 2./5{ 161.9>77.9
0SS0 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950

His} 8] /min

BT 8 BHEHERI M AR IR L MRM (15 51 (ES-)
Fig.l Chromatogram (MRM) of standard solution of 8 sweeteners (ES-)
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459.2>101.8
RS
= |
gf 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50
i
¥ 2.76
100
459.2>83.8
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00 8.50 9.00 9.50
f5fE] /min
B 2 EEEARER R MRM 35 (ES+)
Fig.2 Chromatogram (MRM) of standard solution of advantame (ES+)
F2 9 PhEHDRFIAIARAE B2k K 4 PR
Table 2 Linear equation and detection limits of nine sweeteners
T ey’ 2 PETEFE/(ug/L) etk R AR G RR/(ng/kg)  E PR/ (ng/kg)
1 P e
YRR 1~500 Y=1951.35X+23438.9 0.9979 1.0 3.0
2 .
LE 0.5~500 Y=6596.46X+31883.9 0.9967 0.3 1.0
3 yee
WA h 2~500 Y=413.722X+5477.17 0.9958 2.0 6.0
4
o] $4r £ i 1~500 Y=2404.98%X+9197.99 0.9994 1.0 3.0
5
[P 0.5~500 Y=9915.57X+29969.9 0.9993 0.3 1.0
6
Al 0.5~500 Y=1594.85X+8035.1 0.9991 0.3 1.0
7 e e sk
SR 10~1000 Y=191.83X+57030.3 0.9950 5.0 15
8 S e
BBz RS 0.5~500 Y=1352.02X+4186.89 0.9962 0.5 1.5
9

FAE TR 1~200 Y=2049.08X+1493.41 0.9997 1.0

3.0
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3.3 [EERREZEEE

e 2.2.2 FERLETACEN i, ARAEAS R R Ao Ao i KR
TE25 FURE T IS AR MEIS VR 5 vk, 9% . IR 2 PR EE
HEATIAR EIRCSE S, 2500 6 UCPATSR, 15307k Ay [Nk
FAFIXT A5t 22 (relative standard deviation, RSD), 31
30 HF 3 ATHL 2 MRIACE T R EME T EE . SRR
S5 TR [ AR ] 84.8%~102.4%, HHXF AR i 2275
T 8.3%. A Iy ik i) o 000 5 FIORG 2% B Bt

R3 BP9 MEHRFEE R

Table 3 Recoveries of nine sweeteners in liquor

L&Y Jinkr &/ (ug/L) [E] R TE /% RSD/%

. 20 88.7~95.8 6.9
YR
100 90.1~97.2 4.8
N 20 88.9~96.2 7.7
A
100 91.1~98.5 5.1
50 84.8~93.6 8.3
by
500 89.9~94.8 6.1
20 87.9~95.4 6.2
] 37 EL
100 92.6~95.3 5.9
20 91.5~99.1 55
B 3
100 94.3~102.4 4.7
20 92.6~97.6 6.8
ikl
100 97.1~100.7 45
o 100 86.3~95.8 7.7
=R
500 90.2~94.4 7.2
A 50 94.8~97.6 5.8
FHAAETY
200 93.3~98.2 43
B 20 95.7~99.6 4.7
FE TR
100 96.5~100.2 3.6
4 % #

AR S ST T 1R TR 3 - HR EDR O T ARG T 1 Y v
BRI ERIER A R 5 o FhEHBRF B AT vk . AR S
ZrKIRER I KESR, 10 min NSER53 8, 76 2 A
EIARAKE T, BSCRIEE N 84.8%~102.4%, AHXIARAE
ZEHE ] 3.6%~8.3% (n=6), & MHRHRFILH 43 )7 ik IRV
il 1.0~15 pg/kg. S5REM, kMR . REUER, &4
W5 PP R TR BRSS9 R
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