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ABSTRACT - This study investigated the total sugar and low-calorie sweetener content in 72 alcoholic bever-
ages. The samples included 10 takjus, 6 yakjus, 5 cheongjus, 5 beers, 12 fruit wines, 5 sojus, 5 general distilled alco-
holic beverages, 9 liqueurs, and 15 other alcoholic beverages. Sugar and allulose content were analyzed using HPLC-
RI, and the content of five sweeteners was analyzed using HPLC-UV and LC-MSMS. The average sugar content in
the alcoholic beverages was 4.13+5.16 g/100 g. When categorized by type, the sugar content ranged from 0.00 to
8.92 /100 g, 0.00 to 30.55 g/100 g, and 0.14 to 17.02 g/100 g in fermented (takju, yakju, cheongju, beer, and fruit
wine), distilled (soju, general distilled alcoholic beverages, and liqueur), and other alcoholic beverages, respectively.
Sugar content was the highest in liqueur, with the average content being 12.41+9.66 g/100 g. Among low-calorie
sweeteners, acesulfame potassium, sodium saccharin, aspartame, and sucralose were detected in concentrations rang-
ing from 28.6-121.5, 42.3, 34.1-141.5, and 23.3-88.1 mg/kg, respectively. Cyclamate and allulose were not detected
in any of the alcoholic beverages. Sweeteners were detected in 24 out of the 72 alcoholic beverages, and their content
complied with the standards stipulated for food additives.
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Materials and Methods

s

20234 3YEEH $27kR] Yo} PuEE xdsl 9
= FHE $AoE Mt 2gkel v 107, AU =
U digrle 5 f5ulgel 248 A F 121 S

A4 A5=E Stk 7274 = waFE 95 107, 5
o4, A%, W3 7t 53,
FE 19102 &F 57, Eﬂ&%%%— S0, el 07le)

AL, 7TeHFF7} 157d°l Aot

EESE Y MY
gF 4L 93t Sigma-Aldrich (St. Louis, MO,
USAALE]  fructose(Z+), glucose((EE), sucrose(AH),

maltose(} ©}F), lactose(+)S 22 &F 1 g8 HZsla
SFEetsad FRTE 78t 2599(100,000 mg/L)
< AzxsAnt o] ZFLHS 77 S, TRHTE
s|Aate] RO EFFOE ARSI Vs EEF
£ Sigma-AldrichAl A& 22 o} 21} eh(aspartame, ASP),
AFFA Y E F (saccharin, SAC), oAl #Z-F (acesulfame-
K, ACS-K), 3 2= 2 (sucralose, SCL), Alo]EEHo|E
(cyclamate, CYC)E EZHEH (1,000 mg/mL)S #| =3},
X717 2700 wmet SRTE SAste] EPRFEAS
QY. S22 (Allulose, Tokyo Chemical Industry Co.,
Tokyo, Japan)= ¥99(20,000 mg/L)E THE SFH5
2 A ste] AR A8 EFEEHOE ARSI Al
HEN 2 o]gido] AMEH EE 2 2T AREA
(LabTower EDI 15, Thermo Fisher Scientific, Bremen,
Germany)=Z A %3t 3%} 5-F(18.2 megohm/cm)°| 1 2H,
acetonitrile, Aol A ZF(KH PO4) ammonium acetate,
methanol Sigma AldrichAb A &S ARESHATH AP S
o] o]Fid AM8E  10% tetrapropyl ammonium
hydroxide (TPA-OH) solution= FUJIFILM Wako Pure
Chemical Corporation (Osaka, Japan)A} #|3&©] 1T},

A|=29] Hi

IR dERA AL 96 A]E zﬂﬂal»t— g ‘%
2.1.4.1.4 7171524
Atk AR 5 g2 ™3] dof ¥ %‘Tzr? 25mLS 7F

st FAIE & C oA 2587F 7hesho]
FRE FEOIL Ao Yrste Hx 7153 FAVE
HEE SHTE H7KIA ©]€ 0.2 um nylon membrane
filter® o3t A|P-GH o2 3Tt
YEREE AT AV E 559 dAAg= HEFTA
1=]

322 oMHARHEE, APHRIUER 3 okald SAE4
ol wel Ak 70°C ol 1587 7F-sk
IS AAT AE 5 gl FFHFE 78I 50 mLE 3}
I 0.2 um nylon membrane filterZ ojz}slo] EA519]0
o SA7EATE e AE 1087 259 A sk

71712

TF #2412 HPLC system (Arc HPLC, Waters, Singapore,
Singapore)2] RI detectors AFE-3IAL, 7V 8 5 35 (oFA
AELF, AFHRIVESR, of2=318)2 HPLC system (Agilent
1260 infinity II, Agilent Technologies, Santa Clara, CA,
USA)2] UV detector® #2415} tHTable 1). &<1E E4Y
o] gle FALE L9 Alo]ZFFHo]E= Kim 573 Lee
5ol AAjg 274 wEk LC-MSMS (QTRAP 4500, AB
SCIEX, Foster City, CA, USA)Z #2135} 0. W (Table 2), &
ER2AE FRek SAo] Hlszstal 71Eel 450 Al
& Faste] Rt 22 77 2Ao® AFEH.
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Table 1. Analytical conditions of HPLC

Conditions
Detector RI detector
Carbohydrate high
Column performance
Sugars/ (4 um, 4.6x250 mm, Waters), 30°C
Allulose Mobil
oore 80% ACN
phase
Flow rate 1.0 mL/min
Detector UV detector (210 nm)
Column XTERRA RP18
S(V[V:gtserzfs (5 pm, 4.6x250 mm, Waters), 25°C
phase (0.01 M TPA-OH, pH 3.5)
Flow rate 1.0 mL/min

Table 2. Analytical conditions of LC-MSMS

Condition
Column Cadenza CD-18 (150x3 mm, 3 pum, Imtakt),
40°C
A: 10 mM ammonium acetate/ water
B: 10 mM ammonium acetate/ methanol
Time A B Flow rate
(Min) (%) (%)  (uL/min)
Mobile Initial 95 5 300
LSC/ < phase 3.0 95 5 300
MSM 5.0 5 95 300
10.0 5 95 300
10.1 95 5 300
15.1 95 5 300
Injection
volumn S KL
Ionization ESI (negative)
Compound Precursor ion (m/z)  Product ion (m/z)
397.0 361.0
SCL 395.0 359.0"
177.9 95.7
cYe 177.9 80.0"

D Quantification ion.

Qi 2l
SRl gulse] EEEAS 5 u
of 7} 717194 SA kAL S AT AE
(limit of detection, LOD)2} 7 &FSHA|(limit of quantitation,
LOQ)+= International Conference on Harmonization of

Technical Requirements for Registration of Pharmaceuticals

for Human Use (ICH)?VollA AAI3F A& Wiy 5 Wk-S-9]

FEAA AFA 71E719 2A 8=

% el wet o
3} zre] Fateivh

o)

LOD =33 xo6 /S
LOQ =10 x 6/ S
(o: WH&-9] EFHAL, S HFde] 71€7)

3

AE FF 0.016-0.120 mg/mL, 0.050-0.365 mg/mL,
B 3T (A EZE, APHRIVESR, of2u§) 0.094-
0.167 mg/L, 0.285-0.506 mg/mL, V& 2F(FIALZ 2,
Abol ZgtH] o] E)E 0.006-0.018 mg/L, 0.018-0.054 mg/L,
LdE=22E 0018 mgmL, 0.054 mgmLE zHzF YEbsich
7F Aol ARATFRY) 0.9987 o] AAdE B
FstoH, 3|4Ee 82.27-102.38%= o] F ofxvg
I GER2 IFgo] W AT B

= HaF 387, THFFT 197, 7EEH 151 5
T 7S FAS IR FEFS Ao, A=
Table 49} 2t} A F=72] 7 Bt TFFS 4134546 g/
100 g ©1A3L FFFo] 1.39+1.73 g/100 g, E=T 1.51£1.63 g/
100 g, A+ 1.23£3.74 ¢/100 gollom olFs} F2
BE FRolA AZEHA st
Fiel FR wet g5, o, AF, UF, HF 5
= HaFo FF FEFS 0.00-8.92 g/100 gol A
7T, BAFE T4 T/ 0.00-30.55 g/
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7 100g T ] H FHFS HFEI}F 1241 g &
2 7P A Jeba, 3 4.68 g, OFF 4.46 ¢, 71E}
FH 410 g, AT 3.07 g, & 1.66 g, W 127 g, A
HZ 73 049 g, 2F 0.16 g =0tk d=F2n 2K
(Korea Consumer Agency, KCA)Q] R3»e| w2 F=
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Table 3. Analytical method validation of sugars and sweeteners

. . 2 Recovery
Compound LOD LOQ Linearity (R%) (meanSD. %)
Fructose 0.096" 0.291" 0.9999 91.14+0.22
Glucose 0.016 0.050 0.9998 95.56+1.24
Sucrose 0.043 0.129 0.9998 96.52+0.36
Maltose 0.120 0.365 0.9999 89.80+1.12
Lactose 0.096 0.292 0.9996 98.54+2.58
Allulose 0.018 0.054 0.9998 82.27+0.27
ACS-K 0.159% 0.481% 1.0000 91.64+1.82
SAC 0.094 0.285 1.0000 90.12+3.66
ASP 0.167 0.506 0.9997 85.01+0.36
SCL 0.018 0.054 0.9987 102.3842.56
CcYcC 0.006 0.018 0.9989 93.71x1.45
Unit: Y mg/mL, ? mg/L.
Table 4. The composition of sugars in alcoholic beverages (Unit: g/100 g)
Total Fructose Glucose Sucrose Maltose Lactose
Type (n) MeantSD Mean+tSD MeantSD Mean+SD Mean+SD Mean+SD
(min.-max.) (min.-max.) (min.-max.) (min.-max.) (min.-max.) (min.-max.)
. 1.66+2.70 0.68+1.46 0.98+1.34 Y
Takju (10) (0.00-8.92) (0.00-4.88) (0.00-4.05) N.D N.D N.D
. 4.46+1.38 2.03+0.44 1.61£0.30 0.82+1.06
Yakju (6) (2.44-6.39) (1.25-2.72) (1.19-2.18) (0.00-2.84) N.D N.D
. 3.07+1.67 0.910.98 1.98+0.79 0.18+0.37
Cheongju (5) (1.19-5.94) (0.00-2.78) (0.69-2.80) (0.00-0.92) N.D N.D
1.27+0.95 0.49+0.38 0.77+0.57
Beer (5) (0.00-2.85) (0.00-1.13) (0.00-1.72) N.D N.D N.D
o 4.68+1.91 2.19+0.86 1.82+0.58 0.67+0.78
Fruit wine (12) (1.85-7.49) (1.00-4.16) (0.85-2.86) (0.00-2.18) N.D N.D
. 0.16+0.16 0.02+0.04 0.14+0.17
Soju (5) (0.00-0.35) (0.00-0.11) N.D (0.00-0.35) N.D N.D
General distilled 0.49+0.55 0.28+0.32 0.21+0.23
alcoholic beverages (5) (0.00-1.32) (0.00-0.78) (0.00-0.55) N.D N.D N.D
. 12.4149.66 3.5443.17 3.75+3.04 5.1248.06
Liqueur (9) (1.44-30.55) (0.00-8.89) (0.00-9.24) (0.00-24.35) N.D N.D
Other alcoholic 4.10+4.34 0.98+0.71 1.26+0.72 1.87+3.84 ND ND
beverages (15) (0.14-17.02) (0.00-1.91) (0.00-2.25) (0.00-14.71) ' :
4.13+5.46 1.39+1.73 1.51+1.63 1.2343.74
Total (72) (0.00-30.55) (0.00-8.89) (0.00-9.24) (0.00-24.35) N.D N.D
"N.D: not detected.
FRAE BT SR AU ZFo] e 1’4%3 Fo s J«L T 2.19 g/100 g, o
FRoA HEE Gie #9, T=TFo] el e 2.03 g/100 g s=olem e JF 198 g/100 g, 7
I FRoA ZFe] ko]l wig- =A vEbETh EF 0 AT 1.82 ¢/100 g, A 7IEF 1.87 ¢/100 g, %k
25 39, X9, A3 Ha FgFo] BF 7P Eo} 082 g/100 g w02 Fo] AZHJUT. g5, W3, A5
Z}7} 3.54 g/100 g, 3.75 g/100 g, 5.12 g/100 go|AL, A Fo| e Aol AZEHA kAl i-zroﬂ—t— FETo]
Fo] A E F719 d-olA 7IQIg o g Helt ¥ 74251 A eFSkT}. Jeong TS FHE T TR AHIA=
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Table 5. The content of four sweeteners detected in alcoholic beverages

No. of No. of No. of No. of
Type (n) detected ACS-K detected SAC detected ASP detected SCL
samples samples samples samples
. 53.6" 423 80.7 3
Takju (10) 3 (35.2-71.8)” ! (42.3) 8 (34.1-141.5) - N.D
. 37.2 92.1
Yakju (6) 3 (28.6-46.4) - N.D 1 ©2.1) N.D
121.5 75.0
Beer (5) 1 (121.5) - N.D - N.D 1 (75.0)
Fruit wine (12) - N.D - N.D - N.D 2 84.1
’ ’ ’ (80.1-88.1)
Other alcoholic 3 66.1 ) ND 3 58.3 ) 35.1
beverages (15) (58.7-70.1) ’ (37.0-92.9) (23.3-46.8)
59.2 423 70.8 62.7
Total 10 (28.6-121.5) ! (42.3) 17 (34.1-141.5) > (23.3-88.1)

YMean (mg/kg), “Range (mg/kg), N.D: not detected.

S5 I ANAFGSERANAM G AAFH 39
19294 AH oA 71 =4

37N 2 Etel &3tal 53 =7
Uebtha, Btk /9 AAE F7]4] ot

7ol WM BRE APHY, LY, 499 FA%5
SolRen, o]= 713 F(sugar-sweetened beverages,
SSBs)®] H7Fga o] v Ay #A#o] vk A
Rermg FRE AG F AFd Fosior & Aolnp.

[«

FRo AuE BN

LEF 38ACEET 107, o 67, HF 57, WF 57,
A 127), SFHF 190(E&F 57, uksF5 57, 2
T2 97), 7IelFR 154 F 7249 F79 #Avs g

A% A= Table 59 2ot S/F 1973 28+
A5 sAA A g s7EA A E7F AEEA
gom Ato|FEhHol B} dERAE F AFoM HE
2] ekttt 7270 F 2470 AFoNA oA A ILE 104,
AFHIUES 14, olxule 177, 322 570] AME
" Aoz BAFEAY 7EgRFeol g5elA zH2 97, 8
Ao AmFIt AEHY BE AE WEE HAE o=
Lee 579 A7 A#e} dAall o o= F/9 ukd =
A e Az A 5 2 Aoz Heln 259 7
NEE E83 AFEL 9gf oz g9} JeFFolM 22 3
74 oMt FH ofuigte] $A HrtE o] AU EH
AHHRIUGER, ofzutgh), WFedads, TaUgRD),
NEFEF L, SR 2 14 259 7
EE o] A Zo= Uiyl ol E, AL
UEF, olavfg, Fadess WAy 55 37 84
glof sk AFAVFER Aetal ATk, TAARES] 14
I AEE A FEE AFo] 2% TAF AL L3 A
FolA ZAIE A Ert AEEA 82 A7 ATk

G olN o

ol gk v M7 oA B ZE 350 mg/
kg, FALES 580 mgkgold AFMRHIUEFS €5 &
F, FalFo] &3 80 mgkg ©lWE AREE 4= A AL
o|FTH| o] Ex ARgo] FAEo] glovt ofivtgd dE
2aE AR ek, ofdl ATer] HEE MR
o] FEE oM AdBLF 28.6-121.5 mgkg, AHFHIUERF
42.3 mg/kg, oF2=9te 34.1-141.5 mgkg, FIAZZ 2 233-
88.1 mgkg & BT AHE7]E o[ E YEisith B+ A=
e 7MY B, AIEES HO PN EE ofivgo)
Rom ol FFol ek AME A|sto] gl7] wjiEoZ 13T},

T 100g & FFe B T THRT Fdel
U 2 AT 58 Yo WE BFEIF Hit 1241 g 0=
7V = A Uehta, oo ® 33468 g/100 g),
(4.46 2/100 g), 7IEFF=7F(4.10 g/100 g) ol &
(0.16 g/100 g)7} 71 ¥ Aoz A=Y AZ=E
AR F AolEEHo]Egt dERAE BE FROIA
AZEEA Fskom, 24709 FRAA oAAEFZF 1071,
AFHRIUES 14, ol2=utgh 174, A Z2 2 579] A
" AR FAHIJL 2F o] HHEE AR H-
7} 970tk AEHE A FEE BF ARRVIE ol
o BAALE] WA 255 BT 74 Ao Yyt

FHE ASILEAE ol A Fo= GFe 39S %

T
Aske A9t BB aet 3R Az APl
HEE G W, g 5 g gelo] Hx @
F9 GY& HAZIFANN FAUA BT 10% ol
= A@si glo] Fol7h Basith Ed FRE dA
o Abgo] F7kskn e AzEe gulEe FR W A

Cl
& HHE 2AReEA aH|Rte] & AlE TSI
AEE Adste | o] FRE AFstaral st
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& HPLC-UVS} LC-MSMSE o] &3t} AA
T HAETHS 4131516 /100 g olRoH, FIAERE
LEFET, o, BT, W, F3AEF) 0.00-8.92 /100 g,
ARESF=, 2FFE) 0.00-30.55 /100 g, 71€F
= 0.14-17.02 /100 g2] EEXE Btk FF2 ko)
FEe IFEE Ha AE s=7F100g T
12.4149.66 gAth. AZ=22] 7Ange] e opdTZ4F
28.6-121.5 mg/kg, AHFAUEF 42.3 me/kg, oF2=vte 34.1-
141.5 mg/kg, FAZE X 233-88.1 mgkg= UEREOH Alo)
Zalo|Egt YEREAE BE FHOAN HAEHA &)
712719 =/ F 2471004 AR AEENeH, HEE

AulE AMRFE B AEHVME 715 oUd
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