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Background: Artificial sweeteners are chemically synthesized substances used to add sweetness to foods. Accepted December 26, 2023

Representative substances include aspartame and acesulfame-K, which are 200 times sweeter than sugar.
Recently, the IARC classified aspartame as class 2B, but Ministry of Food and Drug Safety of South Korea
announced that it would maintain the current usage standards. Acesulfame-K, which has the potential to
cause cancer, was excluded from the list of possible carcinogens, raising questions about its safety. According
to a survey by the Consumers Union of Korea, 85% of makgeolli includes artificial sweeteners, but the content
labelling is not indicated. It is necessary to accurately determine the intake of artificial sweeteners through Highlights:

makgeolli. - Aspartame was detected in 17 products

f) 2 1i 1
Objectives: This study aims to evaluate the safety of makgeolli consumption by identifying the content of rom 20 makgeolli samples and
maximum concentration was 126.5
ug/mL.

- Acesulfame-K was detected in 10

artificial sweeteners (aspartame, acesulfam-K) and preservatives (sorbic acid).

Methods: Twenty makgeolli samples were purchased from large supermarkets and convenience stores by

referring to the sales ranking of makgeolli products distributed in South Korea and the purchase ranking products from 20 makgeolli samples

from online sites. The sample was sonicated to remove alcohol and carbon dioxide. Nine mL of acetonitrile . .
and the highest concentration of 82.96

ug/mL.
+ EDIs based on the highest concentration

was mixed with 1 mL of the prepared sample, centrifuged, and the supernatant was filtered and analyzed

using HPLC.

Results: As a result of the analysis, aspartame was detected in 17 products and acesulfame-K was detected in e e o i AVD! s s
ten. The ADI of aspartame (40 mg/kg - bw/day) is higher than the EDI based on the maximum concentration
126.5 pg/mL. The ADI of acesulfame-K (15 mg/kg - bw/day) is higher than the EDI based on the highest

concentration of 82.96 ug/mL. Although the health risk is low, TARC has raised the possibility of aspartame

and acesulfame-K.
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causing carcinogenesis, so there is a need to reevaluate the standards and regulations for artificial sweeteners. BTt fF e b, st
Conclusions: Through this study, we aimed to determine the content of aspartame and acesulfame-K Safety, Eulji University, Sanseong-daero
contained in makgeolli currently distributed in South Korea and the safety of exposure to the human body 553, Seongnam 13135, Republic of Korea
when consumed. Tel: +82-31-740-7142
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F| T AIAIEZ7]5H(WHO) 4tsl A 94~ (International
Agency for Research on Cancer, IARC)2} A AHATF547]
F(Food and Agriculture Organization of the United Nations,
UN FAO) &5 AFsl7]4Ql A% H7He A27F 91938](Joint
FAO/WHO Expert Committee on Food Additives, JECFA)=
otAmtErS Wt 7Hs B 539 2B SHOE B {EHCHY
JECFA+= ofAutere] AU H5]-8-%F(Acceptable Daily Intake,
ADI) 7]%< 40 mg/kg-bw/dayQ & @Al 9L, o] m
=+ A1 &2k (Food and Drug Administration, FDA)2] 7]5%]
50 mg/kg - bw/dayrt 423t 7]&0lc}t? iy 2hF 74|
B2 A9, a¥E 25, I 5% 885 Aol Asa
5 Hol= opA|dE-K+= JECFA 7|22 2 ADIE 15 mg/kg-
bw/day® A5k AT, B 7Hs EZOIA A= o] o
3] Pl gt 2lZo] A7|ElT AT Ee A HEAR
ARG R A BANE AZH7HE 71 9 Al o) HEE
Ao AF dmo] HAC 2 FFEo] YA, Tao] o5
el 39 3t S A7) o A et A&
OFFQHA 9 A F-54 o) wh2d v 5 daTof 5]
2ol thet 71E-2 AAEo] QA gkom 9 HEAIR] AR
0.2 g/kg H|kO. 2 HEFojof gict?

= FFAE AFE 5 TAHRD)A] WEH 20161 o7t
A 3,0009 Afjoll 1xE =Wl 2rae] &A= 2019
| 4,5009] €, Adsf 2022 71 5,000 L= 7St
Aot0 ESh, A EFS YR d2E 298] 20229 2]
$EF2 1753 396 t (B)22 A 20204 19+ 27 556 t
(B3} ww3] 22.6% F7FAcE? abde] Awlgo] ZUhg
of wet w2 e AF A7HERISATE 2 HEA)
of thgt 1A =F E3 S7HE 987 Qloh

b & AFE oA AR 2 FEEHIL s 1
of 5 AFUTRCLATIE, oK)} BEA(AE
ADe] ok AHIE mofsial, AAFPAHFF(Estimated Daily
Intake, EDI)-2 AFE3H0 24 uhde] HF o] g Fdd<S 3

Table 1. Chemical structure of aspartame, acesulfame-K, sorbic acid
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&9 A T AL Qlsf Tkt & glo] Ul g2
AR Ato E Q] uhdE] ol <= 9jek 22hel ol Alo]E L] Am|R}
T 492 Zyste] A% Aol tgulES} Hol oA
T & S 2R 2058 ST AlEE 50 mL F
Ho] B33 & 0~4°Coll A B4 M71A] Rstqic

=74 (Internal Standard, IS)Z A}-8-3t ofA| Eofu|1-H-2 AL
u}-&=2] 2] AKSigma-Aldrich, St. Louis, MO, USA)Ol|A -
stolom, i &4 et FE= Table 1] A|AISHATE A
A2} o] 5/l AHEH oM EYEZT Heh=2 J.T Baker
AH(Phillipsberg, NJ, USA), QUARS Al wk-A=2]%] AKSigma-
Aldrich, St. Louis, MO, USA)OIA st on, SH4E 2
&5 A 23X (Q-Tech, Human science, Korea)= A| %3t 32}

S F7(>18.3 MQem resistivity) S AFH8-SF3AT.

%314k ABARS 100 mg2 A3 1 mLo] Heh-2o
HAIA 10,000 pg/mLE A|ZsFAT o Hgh-Eol )45}
1,255, 5, 10, 25, 50, 100 pg/mL9] HE7} === kA
ZHgotot. 1S+ oM Eotm| il 50 mgs F<}s] Aot
110 mL9] Hgh&of -&8iA[A 5,000 pg/mLE A5
o]E ek o] 5]45}0] 100 pg/mL7}F EH == A Z5H3t

Mo @ ocl;f o

<

Substance Aspartame Acesulfame-K Sorbic acid
Chemical structure CH o CH, 9
0 6. W /\A)'L
o \i/@ kg He” XX oM
NH AN

OH NH, o o
Molecular formula C,H;:N,Oq C,H,KNO,S C:H,0,
CAS No. 22839-47-0 55589-62-3 110-44-1
Characteristics - White crystalline powder - White crystalline powder - White crystalline powder

- No scent

- No scent

- Incentive smell

- Sweetness 200 times stronger than sugar - Sweetness 200 times stronger than sugar

ADI 40 mg/kg - bw/day

9 mg/kg - bw/day 0.496 mg/kg - bw/day
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ukAdd] A 5E EE0]4 50 mL £EHO| 30 mLE &7 =
LIg JEI} EEAE AASH] Ydlf 3087 221 A

=
& APstct EEA & 15 mL FEO Al& 1 mLe} oA
EYEY 9 mLE &3 ¥ 10,000 rpmof|A] 5E7F F4AEF]

£ Y3t H A5 1 mLE F8) 0.45 ym AEZ 22 A
A "E|(VWR International, China)Z oJ3}5}% ) o7}= A]
& 0.5 mLe} o EOHHI(1S) 0.5 mL SRt F, 145
A2 2ot 231 (High-Performance Liquid Chromatography,
HPLC)E AH&sto] A4S ARstglch A= A=) W
<= Fig. 10| YEigich

Makgeolli Sample
Sonication 30 min

- Carbonation and Alcohol Removal

Sample 1 mL + ACN 9 mL.
|

Centrifuge 5 min

Sample Filteration

- 0.45 pm Syringe filter

Sample 500 p€ + IS 500 p€

I
HPLC

Fig. 1. Schematic diagram of the analysis process

5. 71712

ofAube, ofAldE-K, £HARS] HEZ $13] DAD (Diode
Array Detector)”} A3 HPLC (Agilent 1100 series, Agilent
Technologies, CA, USA)E AF&5t3ch EATAEZS] £
of A+ A2 CapcellPak C18 (4.6 mmx250 mm, 5 pm,
Shiseido, Japan)°]™, &2 10 uL¥ FYPskL FF2 0.8
mL/minC &2 FA|5tGtt. o] 54 = A= 0.1% Q4to] 3t
T8 & B 0.1% Ato] ohi wehE-Z o]-&s5hyith =
i 73AHE (Gradient mode) . = #2]5F1 21, Z[A%E 717]
F21-8 Table 20 AIAISFATE

6. S

2 o] ANE B3] U9 ofue ob K
ABAS fiAto 2 YR HEZH(Internal standard cahbratlon)
o ot F92) W% A9 B A 2,
(Limit of detection, LOD), A&+ 2 Ao ojst A8 A
‘5‘3‘8} ]:]— X]A—]k]o 7JE]=/H_4 _QJIH ‘j/}_'_J 73;(47:“_,_(1«2)71-2
W19, AETALODIE SALAA yaH Q74 7]
2712 U ¥, 31438 Foto] A2 AFIACLOQ)
£ LODOA 33 2 U0 LSBA, AL W 34
Ae] BIUE L0 o] MBS Rl 2L
o] 80~120% oW = sttt Jdre N 57t Axt
of BEWAE WFOS o] MEEE ehol 27gto]
20% ollA] H7tetatck

3l
oY
Ol

X

. 2 2

1. 24 2
£ AFolA 5= 2FCrAvtE, o ER-KI HE

Table 2. HPLC condition for the analysis of aspartame, acesulfame-K, sorbic acid

Parameters

Conditions

HPLC (Agilent 1100 HPLC) Column

Column oven

Mobile
Phase
Gradient Time (min)
A (%)
B (%)
Flow rate

Injection volume

Diode array detector Signals

SHISEIDO CAPCELL PAK C18 UG80
(250 mm x 4.6 mm, 5 um)

40°C
A:0.1% Phosphoric acid in water
B: 0.1% Phosphoric acid in methanol

0 10 13 13.1 20
80 5 5 80 80
20 95 95 20 20

0.8 mL/min
10 uL.
210 nm Aspartame
230 nm Acesulfame-K
260 nm Sorbic acid
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Al 15 (A BAD9] A A Fee 52 215l A5 pg/mL),
Z(10 pg/mL), 21(50 pg/mL) SEHE 53] ¥ AHES XY
shlet. AR 24 2 EET 1S 100 pg/mLE 7} 500 g
A 112 EFsto] AT AFA] A8 AGAS
()7} 0.999 o|go 2 43 ZA4S Hon, LODE of
ATERS 1,99 pg/mL, OMAR-K= 0.97 pg/mL, ABARS
0.83 pg/mLo|qlt}. A= 3|82 H7lol3l o opAntet
2 94.57~100.35%, OFIAE-KE= 97.62~116.08%, AHARS
98.31~107.65%°12itE. AEE= 10% ko 2 P&l 7he
Aot A 3¢E&-2 FFEAT IS 100 pg/mLe] 500 pgkl
I12 31449 25 pg/mLE #FE4E 10 pg/mLE Ue F 100
S 3 FOo 7 TP BE 100% oA Utk whEkA o]
Ao] uhge] Y ofAnbel, opAdRT-K, ABARS) b £
of Aot TkETh EAH HE A= Table 3, 4 &
o] A 2olE L Fig, 20] YERHITE

o Ao

2. 9fde| 3 sdnlE A BHEMN 4 Zut

Yol A f55E v F 2070 AE 5 okAubE 85%
(1771), oM -K= 50% (10719 HEES E3lon, &
BARS HE HEEHA gt otkAng] YL 59.14
pg/mL (0.006%), 113+ 126.5 pg/mL (0.013%)°121 1, oF
AldE-KO] a2 18.18 pg/mL (0.002%), F 1142 82.96
pg/mL (0.008%)°]3itt. AHAIgE A= Table 4] A4S},

AE BAAG T AA HE S E vnst A, FAARR
Fopamgtolgtal PAE o] gl Aurde] 153 W 92 1
ZFo|A& ofAube, ofA|dE-K, AHAbo] BT HAEEA] ¢k
otk 11 9 IFAmE AEE ARES AE BAA
ofAT T} oAl E-K7t FHRElo] AThal HAEC] QUL
159 A& ol AA| 4 ZA3ete AR]oHth

V. 21

Uk

Z0|5o| YUFHHFIZHEDI) M= X 2loix

19A4] o BAIF(d7d: 73.7 kg, °143: 58.7 kg)& 112
sto] AU EF(ADDE 71222 e A 583
< A4kt ofAT 9] ADIE 40 mg/kg-bw/dayl 2 ]
I EE 126.5 pg/mL 71 F22(750 mL)E E/3- 231 ©|
g, o442 181 o] AFIoHA 9 5-8FS 2RIt EI
oAl dT-K O] ADI= 15 mg/kg-bw/dayo|™ 1 5% 82.96
png/mL 713 @2 139 o4, o142 101 ol AFIsHA =
A ol &FS 23T

. 210nm A

S(Acetaminophen)

o |

|
D‘U{ \ J‘J‘L o J “ L

. 230nm h

Acesulfame-K I
Ao ‘
|

N
1}V —

. 260nm A
|

| sorbic acid

~ J

Fig. 2. Chromatogram of aspartame, acesulfame-K, sorbic acid and
acetaminophen

Table 3. Analysis method verification results for aspartame, acesulfame-K and sorbic acid

Substance Aspartame Acesulfame-K Sorbic acid

LOD (ug/mL) 1.99 0.97 0.83
LOQ (ug/mL) 6.57 32 2.74
Calibration curve range 1~100 pg/mL 1~100 pg/mL 1~100 pg/mL
Linear equation Y=0.0012x-0.0002 Y=0.0035x-0.0034 Y=0.0185x-0.0024
r’ 0.9992 0.9997 0.9999
Absolute recovery (%)* 138.8 123.8 129.3
Accuracy (%) 5 ug/mL 90.5 91.3 96.7

10 pg/mL 105.7 95 88

50 pg/mL 114.1 102.9 108.5
Precision (%) 5 ug/mL 2.7 5.8 2.2

10 pug/mL 19 25 3.7

50 pg/mL 1.0 10 12

*Absolute recovery was calculated using a consumption of 10 ug/mL.
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Table 4. Detected levels of aspartame, acesulfame-K and sorbic acid in domestic makgeolli

Detected Detection Concentration (ug/mL)
Sample Substance N o
samples  frequency (%)  25th 50th 75th 90th Max
Makgeolli  Aspartame 20 17 85 12.19 59.14 79.48 117.89 126.5
Acesulfame-K 10 50 ND* 18.18 40.86 65.05 82.96
Sorbic acid 0 0 ND ND ND ND ND
*ND: not detected.
Table 5. Estimated daily intake and Hazard quotient of aspartame and acesulfame-K
Aspartame Acesulfame-K
Distribution of intake
Male Female Male Female
All average (include non-eater) EDI' (ug/kg - bw/day) 22.6 73.3 14.8 48.1
HQf 0.0006 0.002 0.001 0.003
Eater average™ EDI (ug/kg - bw/day) 1,126.5 754.9 738.7 495.1
HQ 0.028 0.019 0.049 0.033
Eater top 1% average EDI (ug/kg - bw/day) 3,569.8 1,544.8 2,341.1 1,013.1
HQ 0.089 0.039 0.156 0.068

The subjects of the survey were over 19 years old, and 68 male and 25 female consumed makgeolli.
*Makgeolli consumption was calculated according to the National Nutrition Statistics Survey 2021.
"EDI: Estimated daily intake (ug/kg - bw/day)=Makgeolli highest concentrationxMakgeolli daily intake/average weight over 19 years old.

THQ: Hazard quotient=EDI/reference dose (ADI).

ofATE I} obA|HE-KO] EDI Ah&-2 £ A-tolA HEH
X1 FEo} SR AAIAZIS Yol A AAIRE 20219 =71
JFRAS] AEE AT B 2w ] 19 HFHHY
T8 T, 194 ol BHAIFTLE Uiro] Atstit). 2
AFAReL v gHAE 23S 1Y 4HF Vo2 EDIE A
3} A3} 3L ofATlEr 22.6 ug /kg bw/day oA dE-K
14.8 pg/kg - bw/dayolH, 0§/d-2 ofAutek 73.3 1ig/kg - bw/day,
ObA|dH-K 48.1 pg/kg - bw/dayo|Th. %’4’<"5H?<]—’F(HQ)E AATst
27} 0.003 olst =E0 & A Aol v W2 ol
ok

FUNAZYFRANA HFApt Zge 1Y T o=
EDIE Aol 9] 749 ofAmtg 1,126.5 pg/kg - bw/day,
OFA|d-K 738.7 ug/kg - bw/day o]H, o1/d2] 7% opAu}Et
754.9 ng/kg-bw/day, OPAIAdT-K 495.1 pg/kg - bw/day°]3]
Tk HQE Alktstd E/d9] 79 ofAutg 0.028, obAlEE-K
0.049 olH, o432} 79 ofATEF 0.019, oMAIA-K 0.033
o g2 F3 A uR|A] &= ol

ESF, AHAR] A9 1%l gt 1Y AHFS vigo s
EDIE A A3} 32 ofAutgr 3,569.8 ug/kg - bw/day,
OMA|dH-K 2,341.1 pg/kg-bw/dayC|ct. of/Ad-2 ofAmlet
1,544.8 pg/kg-bw/day, OFAIAdE-K 1,013.1 pg/kg - bw/day
o]3lth. HQE Al4tshd E/d okAnte 0.089, oPAIEH-K
0.156, ©1/d-& otAutgr 0.039, oFAIAEE-K 0.068°131Et. ©]

™

_E o o

AL =7t F2 FEol AT op AT eIl opA| K7t
23E AR TA JHHAY F E-o] SAlo] id |
A& AHT A% Helert S7ke ]l 98 287t Stk
EDI Al4HE 2] gt 3= Table 500 A|AI5H .

2. CI2 o290l H|w

2 Ao A= AlSolA el 5
FOrATE, opAlEE-K)9F HEA (4 E-
ottt olet HHH AFH A} &
.95!,} 7h;]-
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Ag-Ke AT SASRAA ol AEFL & 584719 4]
FollA4 10.6%9] HEE= HAU J}x}u} 7@, =R
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