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Determination of Sweeteners in Children's Favorite Foods by HPLC-MS/MS

and Monitoring
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Food Analysis Division

Abstracts

In this study, we investigated five sweeteners (acesulfame-K, cyclamate, saccharin, stevioside and aspartame) in children's
favorite foods which are sold in around the school.

HPLC-MS/MS method was developed for simultaneous determination of five sweeteners (acesulfame-K, cyclamate,
saccharin, stevioside and aspartame) in children's favorite foods.

The procedure involves an extraction of the five sweeterners with 50% methanol solution, sample clean-up using the
carrez clearing reagent and filtering with cartridge filter.

The HPLC seperation was performed on a HECTOR-M C18 (150 mm X 2.1 mm S5um) column using the wate / acetonitril
mobile phase (95:5). Mass spectrometric analysis was carried out using the TSQ Quantum in negative and positive ESI/SRM.
With this method, good linear relationship, sensitivity and reproducibility were obtained. The spike recoveries of five
sweeteners for 2 kinds of foods spiked into 0.5 mg/kg ranged from 88.4% to 97.6%.

Aspartame contents in candies and cookies were 9.06, 89.04 and 17.21 mg/kg.

Concentrations of stevioside in cookies were 4.41 and 16.52 mg/kg. The method has been effected to letertion of five

sweeteners in children's favorite foods.

Key words : Sweeterners, SRM(Selective Reaction Monitoring), Children's food
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Table 1, Chemical structure and Relative sweeteness of five sweeteners

Sweetener Chemical structure Relative sweeteness
Acesulfame K O N— K+ 200
\\
)\/go
o O
Cyclamate /\\//\ N 30
N O™ Na
O
Saccharin @N H 300
s o
O
Stevioside 300
o
Aspartame o Y\HJ\ oon 180
3
N
OH NH, fe)
Hatel EE AwAS At w, 38) vk ARshec)

A8l =H

24712 g%t A& 10g, 50% methanol 25mLa}t

%}ﬁ—g— Carrez /\]QH'QE-E— Tlﬂi/\]?_]_’ %_l‘%—(potassmm

ferrocyanide 3—hydrate) 150gel E& 75}
1,000mL 3t AL Clearing reagent [ & ZAtoldd
(Zinc sulfate 7—hydrate) 300ge] &= 759

1,000mL 3%t A& Clearing reagent I = ARE3}o]
Clearing reagent 1, I 2mLE F&&7] 50mLol ¥
3 wHb7| 2wk 3 28ubA (37 kHw, 1200W, 30
B2 &3, & F 0.22um cartridge filter
(Millipore corporation, USA)Z oj¥}sle] HPLC—-MS

/MSZ EA43}t),

=9 70l R BE0.5me/ke) Aol WA F AR
Axelet §

ol
oot o Aste degs e

Zuas BEA457] 98 Accela™ LC system©] H2¢
E TSQ Quantum Ultra(Thermo Scientific)S AH&3}
93, HPLC A2 HECTOR-M C18 (150mm X 2.1
mm 5un)ZHE& ARSI o|F AR water 9F
acetonitril (95:5)8 o]&3}o] 0&EA 287F 82 3t
S 25X 108714 linear gradient® acetonitril®]
80%7t H=% T A 3 oy 208 7HA
acetonitril 5%= GA8tHA 0.3mL/ming &0z
243191 Alm= 10w FUsidT. dEE T
MS/MS 24z AL ESI(electrospray ionization) ©]-&
s} WhAlS Aelstt), positive 2F negative mode© A
SRM (selected reaction monitoring) ¥4 AF&-3}o]
nebulizing gas & A47}2, collision gas® oF2L 7}
AHESERlaL 71 MS/MS  #etu|E = spray
3800V, sheath gas 20psi,

A=
—=

voltage pressure
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auxiliary gas 25psi, ion transfer capillary 2} 324, F93 94, 7|EtoLTaE,
temperature 350CE& AAsto] 23} sHqich Z|gt i sobrbgE, WAaARIE Fo] 27 1dew

EptHFig. 2).
e % ug 7171

SIARK| B3} deatvE FEEEE AHETIR Z‘?Jz‘} ESI®
TofA ol (+) RESL Fol(—) HEE AHgsto] 7t
939 A5 QAR BRI FF 3 BR guo nes um w As o 4BEE, Hol3ehll
277, A=YAlot 11 d defolAlot 7, Ui 47, E7] E AU ER Sagaa AHH|OAR|E o] Ao
374, e, vl Zhzk 27doly | Qle, AH]l, Yo £ 20| HEoA ofAubEre ol REOA T2
ZkzF 1710] ok (Fig. 1). TE By, BAo AuAY ASPEE =o]7] 95
MS/MS 24 A] SRM(selected reaction monitoring)X
~NESE 8 g2 ZF AEYEg 8 w7F 2 collision energys A%
Z 939 AN RE AEFTEHE E5FoH Abgo] 494, 1t sto] Z}zko] Aol gk HAo 4 xS 42 At

Fig, 1. Classification according to origin of countury in 93 samples,

=R Warer WxAzf{  WI|E0|RIrE2E  WI|ERIorrEE  mwax=s

Fig. 2. Distribution according to food type in 93 samples,
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Table 3 oA} Zo] Z+ Zm|R9] XA collision energy
= oM ZE(14, 40V), KolZetHo]E (27, 23V),
AFHIVER(18, 35V), AHH| QAL E=(35, 36V), ofX
k29, 11V)E o Zkzhe]

quantization ion, confirm ion< oFN|ATZE(162,

parent ion

’

ol -

B R I ]

82, 78 m/z), AolZe|o|E(178, 80, 96m/z), A7
UEE(182, 106, 42m/z), 2HH]2A]=(803, 479,
641 m/z). oFA~uEH295, 120, 235m/z)°]%lt}. Fig. 3
2 7u]=9] SRM I ZutEIM A= oS E, &

olehlo] e, AFFRILES, Adu|eAtols 9 ofi

Table 8. SRM (Selective Reaction Monitoring) transition of five sweeteners

Parents Quantization Confirm Collision .
Compounds . A . Polarity
ion(m/z) ionion(m/z) ion(m/z) Energy
Acesulfame K 162 82 78 14,40 Neg
Cyclamate 178 80 96 27,23 Neg
Saccharin 182 106 42 18,35 Neg
Stevioside 803 479 641 35,36 Neg
Aspartame 292 120 235 29,11 Pos
RT. 000 - 1500
582 NL: 191E5
100 I WS
a0 td_S00ppb_1
| (624
0 678
]
e 198 118 122 67a | 522
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103_ 118 ML 132E5
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a0 me2 1B2000
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&0 21.099-22001] hE
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W 20
©  Joiz 078 138 186 215 320 350 372 490 491 535 625 677 THZ 7S 543 034 085 1045 1084 136 1167 1268 1200 1324 1403 1428
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a0 . me2 152000
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] TIC F:- cESI SRM
20 me2 204000
E — 0.0 7 901,
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Fig. 3. SRM(Selective Reaction Monitoring) chromatogram of five sweeteners.
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Table 4. Recovery rates(%) of five sweeteners

Recovery rates(%)

Correlation
Compounds Coeffici t(RQ) .
oetiicien Candy Cookie
Acesulfame K 0.9996 95.8 90.2
Cyclamate 1.0000 96.1 95.3
Saccharin 0.9952 95.3 97.6
Stevioside 0.9977 92.3 88.4
Aspartame 0.9985 96.4 92.6
S 9kpobk 1#3ES BT 115 v 1 ML 135TES SH_S0ppb 1M1233 FT:S20 AU 1 ML G6.3ZEY
F:-cESI SRMms: 162000 [F7 225001, 51 9252001 F:-cESI SRMms2 178100 [9 250000 1, 95 02925101
00 &z0 100+ 00
9:|— Qﬂé
0 s
0] ]
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2w 2 =]
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F: - EG1 SR ms 250000 [O0-479 101 641 2004641 01 4 ES] SN ms2 206,000 112000120, 001, 204 B00L236 001 F:- Sl SR s 152000 [+2.03% #2101, 106134406 0]
413 100 i
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0 o ]
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Fig. 4, Mass spectra of product ion scanning of standard solution,
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Table 5. The Content of 5 sweeteners in children's favorite foods

Concentration of sweeteners (mg/Kg)

Food type
Acesulfame K Cyclamate Saccharin Stevioside Aspartame
Candy(49) N.D N.D N.D N.D 906290@
Cookie(32) N.D N.D N.D 2 1
: : : (4.41, 16.52) (17.21)
Other processed Cocoa N.D N.D N.D N.D N.D
products(1)
Milk chocolate(1) N.D N.D N.D N.D N.D
Other processed meat
fish products(1) N.D N.D N.D N.D N.D
Chewin gum(9) N.D N.D N.D N.D N.D
Acesuffame K
¥ =-28602.4+2484 42 RAZ= 0.8996 W: Equal Vo BOTT 542450 90 e~ 1 D000 Y- Equal
1200000—3 1zuunuu§
10000007 1000000
. 8000003 - ennnnné
E annnnué - annnnné
4000003 400000%
2000003 2'3'3'3'3'3';
D - T T T | T T T | T T 1 D - T T T | T T | T T 1
0 200 400 0 200 400
fal 4] ppb
Sacharin Stevioside Agpartame
Y= WA R2= 10851 W. Eqal Y =917 867+119.355% R2=09977 W Equal ¥ = 200222+ 638099 R2= 00085 W Equal
1 00003 ]
110 ] G000t
o] i :
: 3 f000000+
e oo ooy
2 ] o 3 u ]
< 00 < 30000 < 400000-
40000 200004 1
1 ] 2000000
0m 10000 ]
D-IIII|\II\|I\I\\IHI\HHU\ U-|w||||||||||||||||||||||||| U- T LA A L R s
1 1 1 ¢ 11 1 1 I 100 200 300 400 A00 I 200 400
ok ppb b

Fig. o.

Correlation Coefficient(R?) of five sweeteners,
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et
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jm}
B A A4 Eﬂ et g 4

A &t Al
A4 RH)L 0.9952~1.00002 F5 3+ 2| AAFe] )=
£ 4S5 A H(Fig. 5)

Alge] digh FulRe] BAY 34l wx 9 A
A Ealigte] 10g% %46 To| 3 ZEgN (L
0.5mg/L)E A7t & &
+ Table 404 Hi= upe} o] Ixpe] 4=
88.40~97.6%0°]3L 7MLl 92.3~96.1%= Hulz]
£2 3582 By 4 579 4EoA o ATLE,
AFFIUES 5 HPLCE EA3 348 92.5%
~97.3%2] A}t FAFsHATt,

] 7| S A% 934A 5
A= ARl A AHH] 2 ALo]
E 27, ofampgro] 17lo] HAEEHSGCH s 72 &
HH| QAP EX 4 41 , 16.52mg/kg 0|l ofAutete
17.21 mg/kg 01‘219‘@, el ol A= of2ubgo] 27
A% H3t} FEE ofAulgr 270 9.06, 89.04mg/kg
o] A& = <IcH(Table 5).

FAfof| o] opAmtgte] tigh AR 5,000mg/kg
o|sfo]al AH|H] QAP =] ThsliAl= fAIX7E §le
ZHciol sz otAutehal AgH] e Afo] =0 gk A
2= ok oebA dEE fulEs AR 7hee s
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