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ABSTRACT - A method for analysis of five artificial sweetners (sodium saccharin, aspartame, acesulfame-K,
sucralose, cyclamate) in beverage samples was developed using high-performance liquid chromatography/triple qua-
drupole mass spectrometry (HPLC/MS/MS). The method uses a single-step dilution for sample preperation. Sepera-
tion was achieved on a C gcolumn (2.1 x 150 mm, 3.5 pm) with A- 2% methanol (1 mM ammonium acetate), B-95%
methanol (1 mM ammonium acetate) as mobile phase with gradient mode. The quantitation of target compounds was
performed by external calibration in selected reaction monitorning (SRM) mode. The coefficient of determination of
calibration curve for sodium saccharin, aspartame, acesulfame-K, sucralose and cyclamate were 0.9957, 0.9991,
0.9943, 0.9982 and 0.9948, respectively. The limits of detection (LODs) and limits of quantitation (LOQs) were in the
range of 0.001~0.022 mg/L and 0.004~0.073 mg/L, repectively. Recoveries for beverage samples were in the range of
92.76~113.50% with RSD < 10.91%. The method has applied to the determination of the five sweetners in 102 bev-
erage samples. Three artificial sweetners-aspartame, acesulfame-K, sucralose were detected from 42 samples. Sodium
saccharin and cyclamate were not detected in all samples.
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7h ThFatA ol Fo A AL AT,

st o ® Y HEE JIFAvIEE AVHRIVESR, of
e, FAaER s, oA B L, AolFEHolE Fo] 2
th. FAO/WHO 952 &3 7h= 371 9 3] (Joint FAO/
WHO Expert Commitee on Food Additives, JECFA)= &
7Hee ek 58A RS Sl YU F -8 FH(Acceptable
Daily Intake, ADI, mg/kg - bw)S A3l T}t ADI=
54 245 Y AdFstA= A7 el @3] e
UA e o s AFR—IVEFS 0-5 mgkg - bw, o2}
-2 0-40 mg/kg-bw, oA ZE, FALEZEE 0-15 mg/
kg * bw, #o] At o] EE 0-11 mg/kg - bw= A Ho] 3l
THO, ARG mjEe 29, 757, diul=, o)dz]o},
5d 5 AA o8 dEtelA 153 E AFH O ek F
A4 FHE Q8 A=RS R JHATFS otste]
ADIS} H3, F7HE AAstaL O - M =
AP E I A B E4H A3 A7 T

RiNem = |
3 9}\]:]_3,17-20).
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2 AEAZN e agTo] ArtEER vk

Aol HasitpP). AF T AF3APE A2 high
performance liquid chromatography (HPLC), ion chromato-
graphy (IC), capillary electrophoresis (CE), Gas chromato-
graphy (GC) 5¢] #£A4Ho] BRuH U} HPLC
= Ude 2R AEAEHE AR F Qo] AR A
olgh Ee]s}stA el B et s =2 NI E, &
87 wioll BHF g ARgHh CE, ICE 53 &g
3 AEt 8889 A-o] YA CE= robustness,
ICE By g A7 ok GCe] -9 =43t %
Aol daste] AZke] Wol A2HEAL oy @A AR}
dasiy a&Ac] oo

HPLCE T¥er HE715 AT + et 2HRIGE
F, o=l ol B AE-S ultraviolet (UV) detectors
o]-§3k E£Ao] 7hestal FAREA ] e A77F BHALE
of e AR Mo|ETHo|Ex IRl UV/
visible®] 7F&H $ WolX F7F o7 W2l uv
detectorg ©]&3F WHL RIAES} Eo]ido] "ozt
Aol FEH| o) E, AP 2ol A FE=A3F), refractive
index (RI) detector'”E ©|-&3+ WHo] By = Qi)

TP EE T g0l 7Hsah] wiiel g ™
of o] 7K APEE AT F U= EAMEel Zast
t}. # evaporative light scattering detector (ELSD)*, mass
spectrometry (MS)*2VE ©]-&-3lo] AFI-AYUER, of~vlg
oA Bz F MolSepH|olE, FAaURL T 3
Hol| A8 = Sle $AEAEe] BAE T

£ Afol|A= HPLC/MS/MSE ©l 83t 87 F <l
TR (AT ZEE, APHRIVES, AolS8HelE,
FALR2L B ofauehd] HASS wotaly] S8 7+
@3k dAy G0 FARHE FYaaL AlF fre &

Q) SERE WHOE 1 FHAUE 2ASA,

EAN

_‘

A71=d iy AvtE 2 ARk o)A
10274 (FANF2 64, FASE 264,

AFE ATt A3 E EFE sodium saccharin (SAC),
aspartame (ASP), sucralose (SCL)Z SigmaA}l (St. Louis,
MO, USA), acesulfame K (ACS-K), sodium cyclamate
(CYC)= WakoA} (Osaka, Japan) #A| %S AME-3150H, o]
=24 A ZE ¢3F methanol, ammomium acetate™ Wako
AH(Osaka, Japan)ollA] +Yste] ARSIt &2 Thermo

ScientificAH(Dubuque, lowa, USA)9| Z<=¢ A4 3

(Barnstead Nanopure)E ©]-83}% 32} S/F4(> 18.2 MY/
cm resistivity)E ARS8} T}

< 1 mM ammonium acetate £ = 1000 mg/L &
2 HEE sl 2FENS Ax 5, 747be] 1YY
1 mM ammonium acetate S22 &3+ 2 343} 0
0.2, 0.5, 1.0, 2.0, 5.0 mg/L7} H == 3lo] HFA 28
EFEAoE ARSI

AE HHE

Ag AAE= AR 9F 1g2 50 mL volumetric flaskell
#3322 1 mM ammonium acetate &2 7}af Z &3t
sttt @ EC] de AF 250 FE 2 dAE
Fede FHdl 02um ZHE A4t HG AP LA
stth BT e Afole 1087 229 A st
o EMWIEE A ASIEL AP Eo] e -l 2
2 aAdslet & of 1g8 FHsto AAYE FAskA

fr
(ol
2
N

X 3u] 9 olgy £

-2 28] = ShiseidoA}H(Tokyo, Japan)e] SP LC (5100
Autosampler NASCA, 3301 Dual pump MSI, 3014 Oven)}t
ThermoScientificAH(San Jose, CA, USA)2]| triple quadrupole
mass spectrometry TSQ Quantum Ultrags AME-3l5oH 4

H, ol e s=7u = 52 Table 19 YEbATH

ML

Table 1. Analytical conditions of HPLC system

Parameter Condition
Column Xterra MS C18 (2.1 x 150 mm, 3.5 pm)
Oven 40°C
A: 2% methanol
. (1 mM ammonium acetate)
Mobile Phase B :95% methanol
(1 mM ammonium acetate)
Flow rate 200 uL/min
Injection 5 uL
Time (min) A (%) B (%)
0.0 100 0
2.0 100 0
4.0 90 10
Gradient 6.0 70 30
condition 8.0 40 60
11.0 20 80
15.0 20 80
15.1 100 0
20.0 100 0
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HPLC/MS/MS 2M XA HE

AdF#Avs B4 2718 AES ] 98] 2891 my/
LS MEdoz AFEA7] 215 F931] electrospray
ionization (ESI) positive & negative mode®l| A 2] o]-2-3}
27L& Bl ATHRIVES, okld s, AolE
Zl[o] E= negative mode, TAEEL, ORI positive
model X F& =S Yepldeh H* 5, Loos™ 5
ArAgNM = FIAZZAE negative mode, Ferrer? 5
£ positive modedl|A] o] L35t IR0 S
negative mode®|lAl= TH3t fragment ion®] WA SHA] oF
7] WZel? 2 AftoMs FAEE 29| fragment ion
HE tdsA AED & A ZE7F F2 positive ion
mode® ©| 238ttt 7t J1FFMEE selected reaction
monitorning (SRM) WAoo 2 F&F B23517] 93 product
iong A43}7] $138l4 collision energy (CE)YE FAES 4
= Table 29} 2t} A=7F $2 product iong quantitation
ion® 2 A7 F2A319 0 Umx] o] 2L confirmation ion
o2 G4 FRASIATE MS/MS parameter =712 FIA (flow
injection analysis) B o2 A3}l & o532 F
& 200 pL/min®] 202 ST ATAVE BEEY
(I mgLys 234 AFHEA 710 FAskHA 2t parameter
o] Wigle] mE W AEE gRlste] HAH 218 A
E31e™ Table 39 YeERAATE olFds 23] 9
ste] eI} oNEUEL S HlwE Ay} wehs AR
Al g £2 A5E YeRITE Huang® 59 A+434E
B go|ZTH0)|EE C,, Cy T8 937 ZY AR A
HF-F(retention)°] =53] oJH-H 100% =& W= AR

Table 4. Accuracy and precision of quality control samples

Table 2. SRM parameters for five sweetners

Sweetner ~ Parent ion (m/z) Production (m/z)  CE (V)
)

ACS-K 161.87 %jZib) fé
SAC 181.88 12;31 ié
CcYC 177.96 Z?:gz ZE
scLaissr R >
ase s T y

9Quantitation ion, Confirm ion

Table 3. Analytical conditions of MS/MS parameters

Parameter Condition
Ion source ESI
Ion polarity Positive & Negative
Spray voltage 4000 V
Vaporizer temp. 200°C
Sheath gas pressure 40
Auxiliary gas pressure 10
lon transfer capillary temp. 330
Scan type SRM
Q1 peak width 0.7 Da
Q3 peak width 0.7 Da

Collision gas pressure Ar at 1.5 m Torr

3l retention timeo] THEF 3E-0 2 o] 3 A3E -CN,
NH, AHoM % Fdsit) & A7 &v AE A
M Mol Zetdo] E, ol B AE, ATHRIVEFC] £
< AP HFEE glo] §EHAY. SRS BAA]

Concentration

Intra-day (n =6)

Inter-day (n = 3)

Sweetner

(mg/L) Mean (mg/L)  Recovery (%) RSD (%) Mean (mg/L)  Recovery (%) RSD (%)
10.07 10.18 101.14 3.39 10.12 100.57 6.64
ACS-K 50.33 49.79 98.93 1.16 51.30 101.94 6.86
251.62 253.00 100.55 1.87 267.15 106.17 5.46
10.03 10.36 103.25 3.94 10.85 108.14 3.59
SAC 50.18 49.04 97.74 1.50 46.54 92.76 7.33
250.88 251.82 100.37 1.78 244.82 97.58 5.23
10.39 10.33 99.42 1.41 10.80 103.91 2.75
CYC 51.94 49.19 94.71 1.89 51.95 100.02 3.13
259.71 260.35 100.25 0.35 272.60 104.97 4.09
10.48 11.24 107.16 4.94 11.80 112.56 10.91
SCL 52.43 52.68 100.49 1.79 51.23 97.70 0.68
262.15 261.04 99.58 0.69 266.68 101.73 1.69
9.98 10.19 102.17 0.50 10.19 102.13 0.48
ASP 49.88 50.75 101.74 1.42 52.52 105.29 5.72
24941 249.12 99.89 0.81 283.07 113.50 0.93
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Table 5. Linearity, LOD and LOQ of five sweetners

Sweetner Linear equation LOD (mg/L) LOQ (mg/L)
ACS-K Y =687913x — 110621 0.9943 0.008 0.026
SAC Y = 181572x — 29049 0.9957 0.014 0.047
CYcC Y =1427996x — 278737 0.9948 0.003 0.010
SCL Y =255604x + 9009 0.9982 0.022 0.073
ASP Y =20173603x + 1335455 0.9991 0.001 0.004

noise”} WAt o]F A AL MolFEH[o|E, ofAl A
274F, AHRIVEFY HPEd 2EE e 98 A
7YA| 2 acetic acid, formic acid, ammonium acetate,
ammonium formate®l] tall 7 E3FH T} noise A A2} HEF-
E Box, =2 7838l ammonium acetateS A3}
Atk EAF 02 FEE HIATIHA A sEE ¥
gk A3 1mMeo] 7HE s o= dAwEo] 1 mM
ammonium acetateS H7FeF =3 WEESS o] 5FoRE 4

goa T 23S 4YsAT

==
88 8F

AW E 55 ZFEAS 0.1~50mgl TEE X
AFe 243k A% Table

A & LC/MS/MSE -4 1]
59} zro] 7zt Aol ARAF()= 0.99%4
< e e g 9 A
7t HrElo] A e £
7zt #FEH9 F%27F 10 mg/L, 50 mg/L, 250 mg/Lo]
5 g AlEE o] &3t sUg ol 63] whE

H Y AU (intra-day precision) %
<]

o
’_‘S

=
o J
W
>
1l
2
=
Mz

A

tjo
ot £

[¢]

5] =& (Recovery)

ro

precision) B! 3]F&S 131 th(Table 4). 3|82 217}
HUEF 92.76~108.14%, o}2=3}& 99.89~113.50%, o}
HLE 98.93~106.17%, FAZZE 2 97.70~112.56%, #Ho]F
ZH[0] E 94.71~104.97%, AW HALE= 4.94% ols}, L7+
AYEE 1091% °l3t2 433 A4S el H1=
SHA| (limit of detection, LOD)E signal/noise (S/N)H] 3 ©]
%, A %3 (limit of quantitation, LOQ)= S/NH] 10 o]
He TERE UAFOR AT ZFEHE 63] v F
Aete] A& gl 71€7](S)9) y-d¥He EFHAKo)

£ o|&3te] ol 2oz HEIH, AZFIA #E st
ATt

LOD =3 x /S

LOQ =10 x o/S

AZ3HA, ALEA = Table 59 22om AHZSA FAL
Fxo AZvEIHS Fig. 19 e

R
S E 2ol $RF F AR FARA) 4

[¢}
AF %5 9 257 1024 (FA=F

109
e SRR SCL | ,ASP TIC
R 2 SAC
s 404 CYC
(A) | 17
2 o]
H H : LT " I3 &
RT: 444
400 ACSK
& 200 161.87=81.99
: H i : I ® " ® ®
Time (min)
RT:E56
54004 SAC
5200 181.88>=105.94
: H : s © I3 " ® I
Tine (min)
R34
%500— CYC
(B) H 177.96=79.95
: H i : I ® " ® ®
Time (min)
. RIS SCL
-
H 5003 418.87>238.93
] z H [ 3 o ® s 1'5 A
Tine (min)
AT
20000 ASP
& 10000 295.00=180.06

T T T
0 2 4 3 8 1 2 1 1 %

Fig. 1. SRM chromatogram of five sweetners. (A) TIC - ACS-K:
0.15 mg/L, SAC: 0.75 mg/L, CYC: 0.1 mg/L, SCL: 0.35 mg/L,
ASP: 0.005 mg/L, (B) SRM-ACS-K: 0.02 mg/L, SAC: 0.05 mg/
L, CYC: 0.01 mg/L, SCL: 0.05 mg/L, ASP: 0.005 mg/L.

2 67, FASE 2671, TSR 297, E9SE 357, %
8 67)S e s A A3t Table 6, 73 7T},

AT, SATRAME BAWY AvE7E AEEA
B HASE, IS E, EFFEAA ofLutE, ofAl
Auzg, FALEL AEHAT okauEe 57, of
AABZEFLS 197, FAEE2E 2870 HAEHAH. 8,
AT T AFAHe} o] AFHRIVEFH FjolA At
go] FAE AolFeo|Ex HAEHA &tk AF 5
o] BAENE HES AX 7R Al AR AR - Hotet
= MR A4S 2 BAR §EE M BASES
TS Stk 53], okxutere] AR 5 skl Fd
depd AF ol Felsliof sl H'EAEF (Phenylketonuria,
PKU) $2F& $laf of2utehs H7F ARE-gH AlFel dhst
o “Aedaid Frehe WEe FAEIES a9

o AEE AR 240 AR demEs AN
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Table 6. The number of detected samples in beverages

No. of detected

Food type No. of samples samples ACS-K  SCL ASP  ACS-K & SCL ASP & ACS-K SCL & ASP
Fruit/Vegetable Juice 6 - - - - - - -
Fruit/Vegetable 2% p i 6 ) ) ) )
Beverage
Carbonated Beverage 29 13 - 3 1 5 3 1
Mixed Beverage 35 21 - 12 - 9 - -
Red Gingseng Beverage 6 - - - -
Total 102 42 21 1 16 3 1
SAC, CYC : not detected
Table 7. Analytical results of three sweetners detected in beverages
Food type No. of samples No. of detected ACS-K No. of detected SCL No. of detected ASP
samples samples samples
Fruit/Vegetable 2% 5 33.4Y g 45.9 i i
Beverage (26.6~40.3)" (25.5~80.0)
75.1 101.5 268.0
Carbonated Beverage 29 8 (31.1~135.0) ? (12.6~195.2) > (32.9~470.0)
. 33.8 50.6
Mixed Beverage 35 9 (9.6-53.9) 21 (12.3~120.0) - -
51.1 61.7 268.0
Total 19 (9.6~135.0) 38 (12.3~195.2) > (32.9~470.0)
SAC, CYA : not detected, ¥ Mean (mg/kg), ® Range (mg/kg)
LA FEF] W AR IES ATHRIGESR 02y o o
ke (RESER, A4 - FALER A9, HLBLF
0.50 ghkg, FIZRZ 0.40 gkgol™ oF2abghe A gh] 2 ATE AFEAYAAM 2 HEE AL e SR
SPURTPY, 7 QRS PEFEE of2ny 320~ Fol Ue ATUNE AFIUES, okl ob 49
470.0 mg/kg, o FAIABZF 9.6~135.0 mgkg, FAZLEZLE ZF, FALEA Ro|FEH o E)9] s3I vols ¢
123~1952 mgkgS & AHE71ES 2345 A8 ok 3 SAEAES gsidnh 814 9 of#e] 71 st &
ATPIEI}F AZE AR 027 F FALRS 387, oF 49 AA F HPLOMS/MSE ol g3te] 5% 157

AABZE 197, o}2avg sAog sadesst 714 B
ASNES Yehieh 3 S a7 dgelAe 9
87 ASE A8 BFA oA Ere] AZHT)
HJch B AFAe} v|ws| A of~nteke] A}

s W IR E 0] ALE H]go] E=olR T )

£ oz dudth 3E8 AR T AI3AET 234

AFeE A 271 20408 EFALL9] H)go] =A e

oh SMAABZEY FATRAY ZFo| 167422 1Y

Boron ofawtglal oA AdBAFL EPALE 34 ©

Ao Zogt AL E QT FIYRA T ofAulEe] T

202 ARREH ALz E A1 X-]]_Q]E] S EIPN

Eﬂﬂ]o} Ee ZHEESHEA 5o AHSS aEEH 3

2% ol AWEE EHE e HIES AT A
o2 Ak ofaTEe 227 F 5HUSE HEES W
Auk A % 4700 mgkgl 2 oA B AFH AT
220 H3)] 22 T2 HEHJUL ol Ed

AREAIgRO] §17] Wil Ao ddtE

b

BAIEA 2718 ARSI HEH2 C (2.1 mm x 150

mm, 3.5um), ©]53< 2% methanol (1 mM ammonium

)

acetate)?} 95% methanol (1 mM ammonium acetate)S A}
goto] R A0 E 7} AES gl e ESl/
SRM W4 o= A% EA314t) 0.1~5.0 mg/Le] FEH
QoA ZF JAFaHE AFAL 19 7k =2 A4
< Yeplth A&, BEFeAlE 247 0.001~0.022 mg/
L, 0.004~0.073 mg/LZ A¥F%=e] #Aulgs EXo| 78S
o3kt 3582 92.76~113.50%, L EE 1091
otz sttt ool AR B EAY
o]—w~71—ul_§_ ‘ﬂ/\-loﬂ 7(4‘6]—01_1;],_']7_ _L}.T;]—on\p], 5]—%‘_]
HOZ AT #%5 T =5 1027 43 A3} 42749
A ofxutel ol AL F, FAYELT AEEJL
ATHIUEFET Aol Sero|Ew ASHA ¥t A&
H 3 e AR A sk em AT A
&9 7]Fel Agskat.
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