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In this study, monitoring of food additives as an artificial sweetener on favorite foods of children,

which are deal at retail store and stationery store around eliminatory school, was performed. We analyzed aspartame,
potassium acesulfame, sodium saccharin, and cyclamate from candys, biscuits, chocolates and others. Total 604 items
as targeted food were collected from the other country; 285 items of candys, 131 items of biscuits, 74 items of choc-
olates., 114 items of others. Targeted foods were classified by manufacture nation; 308 samples from domestic prod-

ucts, 211

from China, 26 from Indonesia, and 59 items from other nations. Artificial sweeteners were detected from

75 cases of food stuff which were 38 native product, 25 China, 9 Indonesia, and 3 others. The percentage of detected
artificial sweeteners was aspartame 7.8% (47 cases), potassium acesulfame 3.0% (18 cases), sodium saccharin 1.8%
(11 cases), and cyclamate 2.6% (16 cases). The detected concentration were followed [average(minimum-maximum)
mg/kgl; aspartame 817 (21-4,988), potassium acesulfame 192 (24-1,136), sodium saccharin 91 (5-326), and cycla-
mate 926 (8-4,680). Aspartame was detected mainly on Korea foods, and cyclamate and sodium saccharin were
detected from Indonesia food, artificial sweeteners were detected Chinese food, broadly. As a result, 17 cases were
violated against regulatory standard of cyclamate, and sodium saccharin. Considering average body weight (36.9 kg)
and daily intake of biscuits (15.6 g} for elementary student, ratio of estimated daily intake and acceptable daily intake
was 0.86% for aspartame, 0.54% for potassium acesulfame, 0.77% for sodium saccharin, and 3.56% for cyclamate.
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Fig. 1. Chromatogram of aspartame, potassium acesulfame and
sodium sacchain.
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WA et Aol F9)8tr] el 0.
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AzetE23E oS HlFig 1).
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Eoll & galEle AlEe T-10g& mw of #Hetw &
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fom, gl & 24154 e ARL
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mL, n-#AF 5mL, 5% Aot AMIEESEY | mL7t
(B7F A 3 G Ajare] S5 69

[ 5{ n-
?5%‘ )\1,2 OJ Z] O}‘—? % E}'}\I‘-T‘ 14’,_,.?3 ‘)5 mL:‘:? 7}6 -

Table 1. HPLC condition for aspartame, potassium acesulfame and sodium saccharin analysis

Instrument Parameter

HPLC Condition

HPLC System
Column
Mobile phase
Detection wavenumber Discrete ; 2
Flow rate
Injection volume

Column oven temp.

Agilent HPLC 1100

Thermo Hypersil BDS C18, 4.5 um, 46 x 250 mm
(0.0} M TPA-OH + 0.005 M KH2PO4, pH 3.2) : Acetonitrile =85 : 15
20 nm (bandwith = 4 nm, data rater = 2.5 Hz) Scan :

190~400 nm
I mL/min

10 pl

40°C
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Table 2. HPLC condition for cyclamate analysis

HPLC Condition
Shiseido Nanospace SI-2
ACE C18, 4.5 um, 46 x 250 mm
Acetonitrile : Water = 70 : 30
Discrete : 210 nm, 314 nm (bandwith = 11 nm, scan rate = 10 Hz)
Scan : 190~400 nm (bandwith = 3 nm, scan rate = | Hz)

Instrument Parameter
HPLC System
Column
Mobile phase

Detection wavenumber

Flow rate
Injection volume
Column oven temp.

I ml/min
10 pl
40°C

N N-Dichlorocyclohexylamine

314nm

— —
1 H 3 “ & 3 ¥ ® ®

< 210nm

“ " £ W s "

Fig. 2. Chromatogram of cyclamate derivative (¥, N-Dichlorocyclohexylamine).
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late] Foasict. f’\}ol g ﬂ‘f’}
LA shele] A

7 912 A7, o)A 3

AL HE ZTEE B8], S/NH](signal to
noise ratlo)g S 2 she] oliuie olidEAE, ATk
HEF9] @%f&ﬂ% g s &A% A3 220 nmol A
7V ee A3 AU 220 nmol|A] £ Ao ofZam
e 02 mg/L, o E2EZEL 005 mg/L, 2V EFS
003 mg/LE A& (Limit of Detection, LOD)E, S/NH]

1008 &lo o}aujehe 6 mg/kg, oMM HEE g 2t
7}44&" F2 2 mgkge 4 FEA(Limit of Quantification,
LOQ)E 783+ THTable 3).

Aol EElrlol 9] A BHEFE FA 8o, §/NH(signal
to noise ratioys 308 &to] AlolEelujolE el 7] & oA B
245 Ax, sbAE R 210 nmoll A 0.05 mg/L, 314 nmo]
M¥E 0.1 my/LE Ve, SNHIE 1002 §F A 9FehA
= 210 nmel A 2 mgkg, 314 nmoll A= 3 mg/kg® 4 6l
A TH(Table 4).
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Table 3. LOD and LOQ of aspartame, potassium acesulfame and
sodium sacchain

N n B4 9 (nm)
= 210 215 220 230
o} Az} gk 30 1 0.2 I
(;:/Ii) oA E B TBE S 0.5 0.05 5
AV ES S 0.5 0.03
o} 2 3} g 90 3 0.6 3
(;(:/(E) b BHE 1S 15 02 02
AztgueEg 15 1.5 0.2 02

LOD = Limit of detection, LOQ = Limit of quantification
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Table 4. LOD and LOQ of cyclamate

Table 7. Distribution according to origin of country in 604 foods

B 24573 (nm) HAkA BT
Aol Zehe o] E 710 314 Korea 308
LOD(mg/L) 0.05 0.1 China 211
LOQ(mg/L) 0.2 0.3 Indonesia 26
LOD = Limit of detection, LOQ = Limit of quantification Malaysia 1
Mexico 7
Table 6. Recovery ratio of cyclamate (Concentration : 30 mg/l.) Japan 7
w5 Recovery (Yo) RSD (%) 1;1;2;;/ j
A 90.] 2.71 Philippine 4
&5 96.8 0.59 Netherland 3
B 99.1 4.84 Bulgaria 3
7 95.5 3.45 Argentina 3
Hl 227 101.8 1.58 Thailand 3
RSD(%) = Relative standard deviation Colombia b
Pakistan 2
sjol of2uie, ob B, ARILERS] H48 30 mg/ Taiwan :
LQ] oA Al s7pA 2] vhEA oA ofLutgl Vietnam !
& 94.6-99.4%, oFIEFZEL 92.9-99.6%, }~’r7ML}E Ecuador I
FE 92.6-984%2) S5 3FES AAH(Table 5). & Chile 1
@ BAG 5] BB diste] Ao Fetu]o] Ee] 51 U.AE. E
FEE 30mg/Le] FEolA 2F T Ask(Table 6), 57FA) Fotal o0t
o] 7FEAEA 90.1~101.89 &2 F5d AA4E .
Ao} o)EE A aduEE o el 3wy o 9 domen . 3o e
Qlo® <lste] 3pge] Ayt thE grige] vste] A
gAoz %o W) Korea 51.0%
QX Doy
F 604710 AEE kA R ERe geatel 308
HOR 51.0%, Forako] 211708 34.9%, ¢l5u|Ajolate] Fig. 3. Classification according to origin of country in 604 foods (%)
267108 4.3%, Belo]Alobito] 1R 1.8%, 7[Eb=i7t
7bAgAe R 79%E A AR FellA FUAel 49.0%E M ZIERRETE 1671, 718 el dtvbeeEe] 133,
2R e ol Ao vebgck(Table 7). HEFH7E 134 o]l e Table 8).
AC]H S F 6047L APEAS Ax) ofAulgo] 47
Zw w9l A HRAMZ0} 7 7.8%, oAl E-E) 187 3.0%, A7FVESRe] 117
& 604/4 o) AlBE HET MR Bieh, Adis 285 1.8%, AtelEeblol=r) 161 2()%§ HeEdel, & 757
A, ABFE 1317, 2FBF7E 744, Aol 467, 7TERE 124%2] A FeA AFFvsst AEHI T, ofAvEe
o] 68718 AAEIAL Sl FHoR VT 7EHEF ol g aF It Aol EEtr ol B @L?HELFE%@ Aol
Table 5. Recovery of aspartame, potassium acesulfame and sodium sacchain (Concentration : 30 mg/L)
o of =7} oM 4B E AR E
e Recovery (%) RSD (%) Recovery (%) RSD (%) Recovery (%) RSD (%)
A} B 94.6 0.96 92.9 0.83 92.6 0.96
- 82 99,4 0.32 97.6 0.22 97.9 0.25
EX S 95.8 2.16 99.6 2.23 96.4 0.48
2 97.8 533 98.1 0.62 97.8 1.34
W) 7] 96.2 4.91 98.9 1.26 98.4 1.39

RSD (%) = Relative standard deviation
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Table 8. Distribution according to type in 604 items

A2 918 (%)
285 47.2
131 21.7
74 12.3
46 7.6
16 2.6
13 2.2
13 2.2
8 1.2
6 1.0
3 0.5
WhIE = B } 0.5
AR ER 3 0.5
A 28R 2 0.3
HAHIHEE ! 0.2
Total 604 100
AEsE A9t ug.

HAEF ey okaulglo] 21-4988 me/kg (Ht 817.6 mg/kg),
opdjd g ZEFo] 24~1136 mgkg (Fe 192.1 mykg), 217l
YEFO] 5~326 mghkg (B 91.1 mg/kg), AFolEEd ol E

7F 8~4680 mg/kg (Fit 926.0 mgkg) 2 E HEH AT of~
stekat Alo]Fabdlo] Ee] 49 4000 mg/kg oY EETF
AEEe 497 o dslen, ATRIVERS] HEFE
ey ve 438 vehldok(Table 9).
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HTabe 10)
87} 267102 wWlaLa A
o}, opdgHbE 17 3.8%, AH)
& a}ui] olE7}F 97 34.6%, A

1 346 S itel] vlshe]
wQhown, ofE Aol *P«Qﬁl BAE ATV EF AL

2%

AS 379 A|gEo|A ol
7

olzstgwt oA BTES A NEFAE 2 4 34 FA AEE) 100%S] AE
SE GG, ot U AFAY ABol SAuel Ue &5 vehhEoy ia%%kol R wlgelglon), AEH 7
A7 RS vgte] ofxabgre] Aol Wik AxR dgdel el Jekan
oA 0.5% (5000 mgkg)el 713t ~»4°1 A& W ohE A oldel Axt gkt FEikel Ae lEdvRe] HE
Table 9. The analytical results of monitoring
z 5 = of 227t ol AL F AARYEF  Abo|ZeluolE
1%7{}4:(7;_{) 47 18 11 16
dols = HEE (%) 7.8 3.0 1.8 2.6
% 6&‘;5 29 9] (mg/ke) 21~4,988 24~1,136 5~326 84,680
s o e N . AR A -
*}%ﬂ = { {ﬂ«\l}"rr ) 0.5% O% 51’ 2.5 g/kg O} ‘—53" 2 Q. )\]"%‘wﬁl q
(&89
Tabie 10. The analytical results for manufacture country
7 of 23}t b MTLE  AMAGES  Ae|FedoE  @guE
pe A 2] 2 S Z D
P e 4 dE8 0 @Es . 2Es . Aes ) dE3
v (%) (%) (%) : (%) (%)
St 308 29 9.4 6 1.9 3 1.0 - - 38 12.3
=tk 211 15 7.1 8 3.8 2 0.9 7 33 25 1.8
Q) Al o} 26 - - 1 3.8 6 23.1 9 34.6 9 34.6
Eff = 3 3 100.0 3 100.0 - - - - 3 100.0
7 e} 56 - - - - - - - - - -
& A 604 75 124
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Table 1. The analytical results for food type

7] ] o dBTE  AAUEF  AlejFEolE g
AV B = 0 7y e Q 2] e ) S G =R >
= E S 7 2 7&’(;2 )g 2 fé(';_;)@* 2 ﬁ(z;_;@" 2 »'Q(S;)“g 2 @(i)g
A w 285 20 7.0 6 2.1 2 0.7 3 11 27 95
Aw e 131 5 3.8 5 3.8 5 3.8 9 6.9 20 15.3
) 13 9 69.2 ! 7.7 2 15.4 2 15.4 1 84.6
ATLE 13 - - - - 2 15.4 - - 2 15.4
AN 2BLE 2 2 100.0 2 100.0 - - . - 2 100.0
el 8 16 9 56.3 3 18.8 - - - 9 56.3
7 46 2 43 - - - - - - 2 43
2EHF 74 - - - - - - 2 2.7 2 2.7
7] Ef 24 - - - - - - - - - -
3t 7 604 47 7.8 17 2.8 1 18 16 2.6 75 12.4
- HAEAFON,EEE % E e
£°] 12.3%, 11.8%& Hlsll o), Qlmdjajepatel 49 Bl HAEHAM VEEE ¥ HAALEES] A AT
34.6%, Bl=ite] B9 AlE e = Ho} 100.0%Y A& FVEZFAEE 1179 AlEFAA 17 25 okuigol
& vehA AT L%W Az Ao}, Bl Fol Febal AELNH, of2utgt® 579 AlEoA HdEHAUTh 4
obab 7hE Aol Wik AdFAvE AR Wi N&A] 270 A I3ANE AEE 271 B ARIYE
el H sttty dekso] ZIth Fol AEsdor, oM otaugo], 2EdFole A
olFetuol 7t HEHL VETAe] UnbbEAE 9
Ao = AR Al otzmtgre] 2 HEH oW, AR E Aol
% 604719 A B8 e s 3 Ao Azte) AEF  FEpolEe ATV ESRC] vaA ArER AEEAUTH
W HE3 8 vhga)l ZT(Table 11)
ere’d ot
o)y & QZUNR HETE dFAvE FHAAETME Aot AdF Tl Y84
A e & 28579 A87F AR o F 2749 A FEADD o)kl Felslr MV% dedHgel 4
FollM AFZvE7F AEH] 9.5%2] AEE&S Uehldl sk, 258w FHdA fEEe AEFE A A4
th A Est HAEE 2749 AR FoA 2079 A 2 AN gle AAolth whebA 2005 FRIG FRAA
Folla] ofimbgle]l AZEo) 741%E 7P B HEES Ve 7-124] of#lolrt dA s A 4 AUrlRel o
Uehlglon, ol d B Ee 67 22.2%, *P?}EME% o gke] ¢l 15.6 g/man/dayS Z-3-5to] UAFHAHF
227 7.4%, AlEFEolEE 37 11.1%%E YRS ZHEDDe] YA EHF TS 2steA] Flskdrt
ofAupgre] 79 1,000 mgkg ol et e ”%9} 130 E 3 QARHHHAEDE o2 12.75 mg/
BASE 7408 ki hE AR F 35.0%E AR, F man/day, oPIAEZE 3.00 mg/man/day, ATHEUYES
& 2 FeyE goiy B 28 AeS e 1.42 mg/man/day, AFOIEEFHC) B 14.45 mg/man/day ©] 1.2
™, 2555 B4 F 36.9kgd HEote] Aterd S ul,
Zaj2 ol o|mzin|g HESIE EDVADK%)E o538 0.86%, obA A HZE 0.54%, 217F
AAFE & 131%0] A o] Folld 2079 dF  HUEFES 0.77%, AtelFeto| Ex 3.56%F WERAITH
7 E7F AEEo) 15.3%4] 719

AEES VeI 20
9ALE 45.0%2 AEulF
PAFe 27t 5708
25%91 74 1'5—:: %EM ME} AtolZefr| o] E €
%7} 1,000 mgkes Z3ale Al 8% 4710 2ol
11 1E7F &8 A9l 444%e sidse] vlws s
=7F FREe] dES 82 F UTh

5:
L

7IERAES] QlEYNIE HE o

154 k=)
ol B AFE A ZEEe

[s] g e
N A F 178]0M AH 60472 AlEE FABI =
W $E55 ojdo] Alge QlIuE AMSHES 24}
stk PARE R stato] 308H LR 51.0%, w4kl 211
7422 349%, QImujAolate) 267308 4.3%, 7IEFETITL
97 L E 9.8%°] AR RUEE A 7579 AE
oM elFgzivart AEHE 124%Y HESL Yl
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Table 12. Assessment of dietary intake of artificial sweeteners

191

ADI ADI

EDI

i
jized
ﬂ,‘
of

Bt a3
, , -DU/ADI(
(mg/kg bw/day) (mg/man/day) (mg/kg) (g) (mg/man/day) E o)
Aspartame 40 1476.0 18 15.6 12.75 0.86
potassium Is 5535 192 15.6 3.00 0.54
acesulfame
Sodium saccharin 5 184.5 91 15.6 1.42 0.77
Cyclamate 1 4059 926 15.6 14.45 3.56
ADI : Acceptable Daily Intake ( ¥ }-?] &89
EDI : Estimated Daily Intake ( ¥ ‘” = H &)
A 715 0 36.9 kg/man(7~12 A 2] 3 A 5y
T}, kAol 25 mated intake of intense sweeteners by Italian teenagers. Present
1O . o levels and projections derived from the INRAN-RM-2001 food
Hew | A ‘/}E}M#
S 7 47702 78 survey, fFood and Chem. Toxicology, 42, 677-685 (2004).
. ’ J - B 1o ” 4, Kobayashi C., Nakazato M., Yamajima Y., Taguchi N.,
ulylELe 5 = B R . . - R
Az gl 18 O] I 1'?*‘£ Yasuda K., Ogino S. : Determination of Cyclamate in Foods
1.8%, Atelgetdlol BVl 167422 2.6%019 0 dEsr by GC and GC/MS, Ann. Rep. Tokyo Metr. Inst. PH..55,97-
= obauEhe] 21~4,988 me/kg (A 818 mg/ky), oA 100 (2004).
ZHEo] 24~1,136 mgkg (B 192 mg/kg), ATRIVEF o) 5. RS o wlliid}é (2003).
- WE L AR A SR L e R
5~326 mg/kg (B4t 91 mg/kg), Aol Bl o] 7} 8-4,680 6. é;()m(")b ; BEE - LRl I BRI R R A
n?g/kg 3+ 926 mg/kg)Q] TR 519%9-“4 A 1 7. 089l 984, B9, A
7097 AoF7E 37, A3t 84, 28280 24, A whAled ol AF QA7 gfru
ESE/E 27, AL S%Ol 274191 Zlez vekstt A% F ATAvE A3 Yol
258 HaAE 369%g ¥ Ads B9 Aryge o SHAA AT R, 7, 113-117 (2003)
AT 15602 2 gate] dIFA M2 HED)Y LUs 8 ﬁi’l?ﬂ, ﬂirfiﬂ??’ :%:7] :‘5?, OL]E}J, @});6]1, 2]]2311], f}?oéﬂ{
- — - ol ZAF QA AWl wkaen] o]2]f] . AlolE BE o
SHFHADDE Bl EDVADI(%)E AHE8132 ), oL} *-]jm’]:fo] ”;;] o ) (IT‘L} e l@] J'A}qg;} Y
El 23 51 Ll—’ AblE] L SRS S5 4 LS B § Aroaict S IR I Vil
2k 0.86%, 1jﬂ d5EE 0.54%, MHEIUGES 0.77%, A W shgl, AlEe) kRO AR ATILIAL 6, 169-176 (2003),
olFetHl o= 3.56%E el 0. 0w7, &ulEl, HLY, WY, Flo} : 4E F YU
PV ARSAE 2ARET - APLRLGES, S EEE,
X2y (Aj;)lwﬂw S O.R J Fd Hyg Safery, 14, 244-248
) o 3 SEE W3 o]l AR RIS |
1. Satjetan otset ; olelo) B Aol psle wa 0 0 o ey L e gL dTL S ‘1";’
220l thg Azl 0 A4k AEeeREerA YY) SR, A, AU AolE Y AFatEe 43
: ool e ow QR A Eel R del s

FHIA (2005).

2. Aol A ¢ HEETREE A (2007).
3. ArcellaD., Donne C. L., Piccinelli R., Leclercq C. : Dietary esti-
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