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SUMMARY

SIMULTANEOUS DETERMINATION OF ACESULFAM KALI, ASPARTAM
AND SACCHARIN IN SOFT DRINKS BY CAPILLARY ELECTROPHORESIS
WITH UV-VIS DETECTION

The common sweeteners acesulfame K (Ace-K), aspartame (Asp) and saccharin
(Sac) were determined by capillary electrophoresis with UV-Vis detection. A 20 mM
borater buffer solution pH 9.5 was used as background electrolyte (BGE). The limits of
detection (LOD) of Ace-K, Asp, Sac are 1.0 ppm; 1.6 ppm and 0.5 ppm, respectively.
This method was applied for the determination of sweeteners in five soft drink samples.
These results meet Vietnamese standards for food according to Circular 27/2012/TT-
BYT.
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1. MO PAU

Acesulfam kali (Ace-K), Aspartam (Asp), Saccharin (Sac) 1a cac chat tao ngot
téng hop duoc st dung phd bién trong nhiéu nganh san xuit, tir duoc phdm, my pham
va dac biét 1a cong nghiép thuc phém tai Viét Nam. Céc chét nay c6 do ngot cao hon
nhiéu so véi dudng saccarozo, trong khi gia tri dinh dudng lai rat thap nén ching duoc
bd sung vao thyc pham danh cho ngudi an kiéng, ngudi bi bénh tiéu dudng, dung 1am ta
duoc trong thube dé che vi dfmg hay tao vi ngot cho banh keo, nudc giai khat va nhiéu
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loai thyc phdm khac. Tuy nhién, néu ham luong cua cc chat nay trong thuc pham vuot
qua gi6i han cho phép thi chung lai c6 kha ning gy ra nhitng anh hudng tiéu cuc dén
suc khoe con nguodi. Viée dinh lugng cac chét tao ngot trong thuc phém, ma cu thé la
cac loai nude giai khat, 13 rit can thiét, gop phan vao cong tac kiém nghiém an toan vé
sinh thye phdm va bao vé sirc khoe nguoi tidu dung.

Céc chit tao ngot c6 thé duoc xac dinh bang nhiéu phuong phap khic nhau, tap
trung chu yéu vao 3 nhom phuong phép 13 phan tich quang phd hép thy phan ti UV-
Vis, phuong phap séc ki va phuong phép dién di mao quan. Phuong phap UV-Vis yéu
cau qui trinh xtr i mau tuwong d6i phirc tap va trong trudng hop mudn phan tich dong
thoi can phai két hop véi thuat toan hdi qui da bién do cac chit tao ngot c6 phd héap thu
chdng 14n [1]. Phuong phap sic ki 16ng hiéu ning cao (HPLC) sir dung detector ion hoa
ngon lira, UV-Vis hay khéi phd duoc cho 1a cac phuwong phap tiéu chudn dé xac dinh
chét tao ngot hién nay do kha niang tach tdt, 4o thu hdi cao va gidi han phat hién thép,
tuy nhién cac phuong phap niy yéu cau trang thiét bi hién dai, van hanh phirc tap va chi
phi phan tich cao [2, 3, 4]. Cac phuong phap dién di mao quan c6 vu diém 13 qui trinh
thao tac don gian, nhanh chéng va ré tién nhung van dam bao dugc d6 chinh x4c cao va
giéi han phat hién thip nén ciing duoc img dung nhiéu trong phén tich thuc phim [5,6].
Chung t6i dd lwa chon phwong phap dién di mao quan sir dung detector UV-Vis dé
nghién ctru xac dinh dong thoi Ace-K, Asp va Sac & mirc ham lugng ppm trong mot s6
mau nudc giai khat.

2. THIET BI VA HOA CHAT
2.1. Thiét bi

- Thiét bi dién di mao quan G1600AX Agilent (M¥) cd trang bi detector UV-VIS
(Hinh 1).

- Mao quan silica nung chay: chiéu dai L = 64 cm, duong kinh trong 50 pm
(Agilent, My).

- CAc thiét bi khac: bo loc nudéc siéu tinh khiét ELGASTAT MAXIMA SC (Elga
Ltd, Anh); may rung siéu &m ULTRASONIC LC30 (Elma, btrc); may do pH Metrohm
(Thuy Si);can phan tich OHAUS (My¥);...

Hinh 1. Hé thong phan tich CE: May dién di Agilent
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2.2. Hoa chit

- Chéat chuan: Aspartam (98,54%; Sigma), Saccharin (99,50%; Sigma), Acesulfam
kali (99,67%; Sigma).

- Hoéa chét: cac hoa chit co do tinh khiét PA cua Hang Merck (CHLB Drc), bao
gom natri tetraborat, kali dihydrophosphat, dikali hydrophosphat, natri hydroxit, axit
clohydric, axit photphoric, axit axetic, etanol, metanol.

- Nudc siéu tinh khiét: nuge cat 2 lan duoc loc qua bo loc ¢6 cot trao di ion va
mang 0,2 pm.

3. KET QUA VA THAO LUAN
3.1. Khao sat cac diéu kién phan tich
3.1.1. Mt s6 diéu kién chung

- Piéu kién bom mau: ap suat 50 mbar trong thoi gian 5s, cudng do dong dién 50 mA.

- Nhiét do: 25°C.

- Thé tach: 25 kV.

- Budc song dinh lugng: 215nm
3.1.2. Khao sdat anh huwong cua hé dém

Trong nghién ctru nay, chung t6i khao sat 3 h¢ dém la dém photphat, dém axetat
va dém borat v6i 3 ving pH tuong tmg 1a 3, 6, 9. Két qua khao sat cho thay kha ning
tach cta cac chat phan tich trong dém borat pH = 9 13 t6t nhat, cac pic 1d rang, can dbi
va dién tich pic ctia cac chat 1a 16n nhét; & pH = 3 thoi gian dién di cta cac chét dai,
dudng nén nhidu va dong khong on dinh, tin hiéu phat hién kém; & pH = 6 tuy tin hiéu
cac pic 16 rang hon nhung khong can dbi. Do d6, dém borat duoc lua chon 13 nén dién li
dé tach cac chat tao ngot va tiép tuc duoc khao sat cac yéu té pH va nong do dém. Anh
huong ctia pH va ndong d6 dém borat dén dién tich pic va thoi gian dién di cta cac chat
phan tich dugc thé hién trén Hinh 2.
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Hinh 2. Anh huéng ciia pH dén dién tich pic (a) va nong dé dém borat (b)
dén thoi gian dién di cia Asp, Sac va Ace-K (nong dé 40 ppm méi chat)
Theo két qua ¢ Hinh 2 c6 thé thdy, khi pH dém ting tir 8,5 dén 9,5 thi dién tich
pic cta cac chat déu tang; tai pH = 10 dién tich pic ctia Ace-K giam, trong khi dién tich
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pic ctia Asp tang va cta Sac thi ting manh. O pH = 9,5 cac chét dugc tach tot nhét, hinh
dang pic can ddi, gon nhit, ddng thoi tin hiéu dudng nén 6n dinh. Do d6, dém borat pH
=9,5 dugc lya chon cho cac thi nghiém tiép theo.

Anh hudng ciia ndng d6 dém borat dugc khao sat trong khoang 15 mM dén 30
mM, véi két qua cac cht déu duoc phat hién va tach tdt. Trong do, thoi gian dién di cua
3 chat khi sir dung dém borat 15 mM 1a ngan nhit nhung dudng nén khong 6n dinh do
d6 dién ly thip; khi str dung dém borat 30 mM vd&i dién thé tach 1a 25 kV thi cuong do
dong dién 1én t&i 100pA, 1am cho duong nén bi nhidu; khi st dung dém borat 20 mM
cho pic cua cc chit phan tich can xtmg, dién tich pic 16n nhét, dudng nén thap va 6n
dinh, thoi gian dién di hop 1y (Hinh 3). Tir d6, dém borat nong do 20 mM, pH = 9,5
duoc lua chon cho cac khao sat tiép theo.

Sac

Ace-K

L 1 ]

Hinh 3. Pién di d6 phan tich hon hop Ace-K, Asp, Sac trong diéu kién téi wu
(L=65cm, I=50 mA, V=25 kV, dp sudt 50 mbar, t =25°C, dém borat 20 mM, pH=9,5)
3.1.3. Khao sat anh hwdng ciia cdc chat cdn tro

Trong cac mau thyc té, ngoai cic chat tao ngot con c6 nhidu thanh phan khac nhau
nhu cac chat bio quan, phdm mau, cacbohydrat c6 thé anh huéng dén qué trinh phan
tich cac chat tao ngot bang phuong phap CE-UV/Vis. Cac chat duoc lya chon dé khao
sat (mg voi cac nhom c6 kha nang anh huong gém: chit bao quan (Axit Sorbic, Axit
Benzoic), cacbohydrat (Saccarozo, Cyclamate, Fructozo, Glucozo) va phim mau
(Sunset Yellow, Brilliant Blue, Tartarin, Quilenol). C4c chat anh hudng nay duoc thém
v6i ndng do tir thap dén cao (trong khoang thudng sir dung ddi v6i nude ngot) vao hdn
hop Ace-K, Sac va Asp. Trén co sé sy thay doi dién tich pic va thoi gian dién di cia
Ace-K, Sac va Asp s& danh gia dugc mirc d6 anh huong. Dién di d6 khao sat anh hudng
duoc thé hién trén Hinh 4.

82



DADL B, 5ig-215,5 Ref=off (VIXDUONG HHSTD000167.0)

Hinh 4. Dién di d6 ciia Asp, Sac va Ace-K khi ¢6 mdt cdc chat anh hudng

Két qua & Hinh 4 cho thiy, pic ciia cac cht phan tich déu xuat hién rd rang, cin
ddi, khong c6 su chen lan pic, thoi gian dién di cta cac chét tach biét nhau hoan toan.
Dbi v6i cac loai dudng Glucozo, Fructozo, Saccarozo khong cho tin hiéu tai budc song
dinh luong. Sy c6 mit ciia cac chat anh hudng con lai déu c6 anh hudng dén dién tich
pic va thoi gian dién di ciia Sac, Ace-K, Asp cd thay doi, tuy nhién sai s6 vé dién tich
pic va thoi gian dién di déu nho hon 10%, nam trong giéi han cho phép cua phuong
phap. Vi vay, co thé két luan, cac chat bao quan, cac loai dudng va phiam mau déu
khong anh huéng dang ké dén sy phan tach dongthoi Sac, Ace-K va Asp bang phuong
phap dién di mao quan str dung detector UV-Vis.
3.2. Panh gia phuwong phap phéan tich

Véi cac diéu kién t6i wu da khao sat duoc, dudng chuan cho ba chit tao ngot Ace-
K, Asp va Sac dugc xdy dung bang cach phan tich cac dung dich chuan c6 néng d6 mdi
chat tir 2,5 dén 200 ppm. Cac thong tin vé phuong trinh hdi qui cua dudng chuan, gidi
han phat hién (LOD) va khoang tuyén tinh ca thiét bi ddi v6i cac chat phan tich dugc
trinh bay trong Bang 1.

Bang 1. Phwong trinh héi qui, LOD va khodng tuyén tinh ciia dwong chudn xdc dinh
Ace-K, Asp va Sac bang phiong phdp CE-UVIVis

, Phwong trinh dwong LOD Khozng tuyén tinh
Tén chat <
chuan (ppm) (ppm)
Ace-K y =1,352.x 1,0 3,0 - 150
Asp y =0,430.x 1,6 4,8 -150
Sac y =2,942.x 0,5 1,5-200

Do thu hoi cua phuong phap dbi véi cac chat phén tich tai 3 mic nong do 10
ppm, 25ppm, va 50 ppm nam trong khoang 83,7 dén 101,8%. Do lap lai dwoc danh gia
qua hé sb bién thién ctia 05 1an phén tich l3p lai & ndng d6 10 ppm ciia Ace-K, Asp va
Sac 1an luot 1a 2,41%; 2,30% va 1,63%; déu nam trong gii han cho phép cua phuong
phap dién di mao quan (CV <3%) ¢ muc ndng do ppm. Nhu vy phuong phap c6 do thu

83



hdi trén 80% va do lap lai cao, c6 thé ap dung dé phan tich céac chét Asp, Sac, Ace-K
trong mau thyc té (46 udng).
3.3. Phén tich mdt s6 miu dd udng trén thi truong
3.3.1. Quy trinh xir li mdu
Céc mau phan tich duoc Iya chon 1a mau db udng, do d6 qua trinh xir 1i miu

tuong d6i don gian va tbn it thoi gian. Cac mau duoc rung siéu 4m trong khoang 30
phit dé loai bo hét bot khi, sau d6 loc bang mang loc 0,2um. Hut chinh xac 0,50ml mdi
mau cho vao binh dinh mirc 5 ml va pha lodng bang nudc dé ion. Sau khi dinh mtc, cac
dung dich dugc tién hanh phan tich trén hé théng dién di. Ham luong cac chat phén tich
dugc xac dinh bang phuong phéap thém chuén.
3.3.2. Két qua phan tich mét s6 mdu doé uong bang phuwong phdp dién di mao qudn si
dung detector UV-Vis

Két qua phan tich ham luong ctia ba chét tao ngot Ace-K, Sac va Asp trong 05
mau d6 udng dang dugc tiéu thu pho bién trén thi trudng (Tén thuong mai cta cac mau:
Samurai, Sprite, Coca-Cola, Lemon C2 va Tra xanh O°) duoc trinh bay trong Bang 2.

Badng 2. Két qua phan tich cdc chat tao ngot Ace-K, Sac va
Asp trong mét sé loai d6 uong

Miu Nong dd ciia cac chit (ppm)
Asp Sac Ace-K
Samurai 109,5+ 10,5 121+0,6 96,1 + 10,2
Sprite 779+78 189+1,0 51,1+5,6
Lemon C2 849+126 37,8 +£3,6 27,7+6,0
Coca-Cola 49,2 £5,7 17,8 £1,7 225+29
Tra xanh O° 21,0+£35 126+28 45+1]1

Nong d6 cho phép cua Sac, Asp va Ace-K trong do udng co ga va do udng co
huong vi theo qui dinh tai Thong tu 27/2012/TT-BYTcua Bo Y té 1an lugt 1a 300, 600,
600 mg/kg (hay ppm). Ham lugng cta chét tao ngot Asp, Sac, Ace-K trong tit cac mau
dd ubng duoc phan tich déu thdp hon nhiéu so v6i ngudng cho phép.

4. KET LUAN

Véi quy trinh phan tich don gian, nhanh chéng va chinh x4c nhim xéac dinh dong
thoi ba chét tao ngot Ace-K, Sac va Asp trong dd udng, phuong phép dién di mao quan
st dung detector UV-Vis cho thiy tiém ning ap dung phan tich d6i v6i nhom chit nay.
Gidi han phat hién cua Sac, Ace-K va Asp dat dugc 12 0,5; 1,0 va 1,6 ppm; phu hop dé

phat hién va dinh luong cac chét tao ngot nay trong mau do uéng & mirc ham lugng
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ppm. Ca 3 chét tao ngot déu duoc phat hién va dinh luong trong tit ca nim mau phan

tich, tuy nhién mirc ham luong déu nim trong gidi han cho phép ciia Bo Y té.

TAI LIEU THAM KHAO

6.

10.

11.

Miguel A. Cantarelli, Roberto G. Pellerano, Eduardo J. Marchevsky, José M. Camifia
(2009), Simultaneous determination of aspartame and acesulfame-K by molecular
absorption spectrophotometry using multivariate calibration and validation by high
performance liquid chromatography, Food Chemistry, Vol. 115 (3), pp. 1128-1132.

Yan Zhu, Yingying Guo, Mingli Ye, Frits S. James (2005), Separarion and simultaneous
determination of four artificial sweeteners in food and beverages by ion chromatography,
Journal of Chromatography A, Vol. 1085 (1), pp. 143-146.

Andrzej Wasik,  Jonh Mc.Court, Manuela Buchgraber ~ (2007),  Simultaneous
determination of nine intense sweeteners in foodstuffs by high performance liquid
chromatography and evaporative light scattering detection - Development and single-
laboratory validation, Journal of Chromatography A, Vol. 1157 (1-2), pp. 187-196.
Da-jin Yang and Bo Chen (2009), Simultaneous Determination of Nonnutritive
Sweeteners in Foods by HPLC/ESI-MS, Journal of Agricultural and Food Chemistry, Vol.
57 (8), 3022-3027.

Lin Yu H., Chou Shin S., Sheu Fuu, Shyu Yuan (2000), Simultaneous Determination of
Sweeteners and Preservatives in Preserved Fruits by Micellar Electrokinetic Capillary
Chromatography, Journal of Chromatographic Science, Vol. 38 (8), 345-352.

Ana Beatriz Bergamo, Jose Alberto Fracassi da Silva, Dosil Pereira de Jesus (2011),
Simultaneous determination of aspartame, cyclamate, saccharin and acesulfame-K in soft
drinks and tabletop sweetener formulations by capillary electrophoresis with capacitively
coupled contactless conductivity detection, Food Chemistry, Vol. 55 (4), pp. 1714-1717.

85


http://www.sciencedirect.com/science/article/pii/S0021967304023350
http://www.sciencedirect.com/science/article/pii/S0021967304023350
http://www.sciencedirect.com/science/article/pii/S0021967304023350
http://www.sciencedirect.com/science/article/pii/S0021967304023350
http://www.sciencedirect.com/science/journal/00219673
http://www.sciencedirect.com/science/journal/00219673
http://www.ingentaconnect.com/content/pres/jcs;jsessionid=8hbouobjgskeg.victoria



