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Hydrothermal stability of the new sweetener acesulfame K

MILAN SUHAJ — MILAN KOVA( — MICHAL UHER — TERKEZIA VACOVA

Summary. A procedure for laboratory synthesis of the new siweetener asesul-
fame K has been worked out. The stability of the compound in solutions has been
studied at 100°C in dependonce on the initial concentration of tha product and
pH value of the media, based on concentration measurements in UV region. The
halflife values were calculated. Acesulfame I d=composition was found to follow
a first ordsr reaction and the dscomposition rate constants were calculated. The
results indicate that, under the experimental conditions, acesulfame K is relatively
stable, the solutions being most stable in the pH region 5 to 7. Lower pH values
contributed to faster acesulfame K decomposition. The fastest decomposition of ace-
sulfame K in a solubion wasobserved in alkaline region. In spite of the observed rela~
tively good stability of acesulfame K under the assumed conditions of its technolo-
gical use, further attention will be devoted to more dstailed study of its optimum
utilization with respect to the protection of consumers’health.

Future development of food industry is directly bound to intensive utiliza-
tion of food additives, among which synthetic swesteners have an important
place. In CSSR, the production of Usal as a further synthetic sweetener has
been started, to complement the still used saccharin and cyclamates. A new
sweetener acesulfame potassium seems to be promising for perspective use. It
is currently being evaluated within the FAO/WHO framework.

Acesulfame K is 6-methyl-1,2,3-oxathiazin-4(3H)-one-2, 2-dioxide potassium
salt. It had been discovered in 1967 and testing of its hygienic acceptability
and technological evaluation are in progress ever since. dcesulfame K is a white
crystalline powder, odourless, with an intensively sweot taste. It is well soluble
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in water, less soluble in ethanol. Acesulfame K is about 200 times sweeter than
sucrose, the relative intensity of sweetness being higher at lower concentrations.
At higher concentrations of acesulfame K in solution, the sweetness drops down
to 100—130 — fold compared to sucrose. The sweet taste is percepted immedia-
tely at consumption and is more persistent than that of sucrose but it is free
of unpleasant off-flavour. In solid state, acesulfame K is highly stable and it is
not hygroscopic. It is decomposed at about 225°C [1, 2].

The metabolic studies done until now showed acesulfame K is not metabc-
lized in the organism, it is readily excreted from the organism unchanged, its
energetic value thus being practically zero. It is resistent to the digestive tract
bacteria. Neither bactericidal nor promotoric effect has been observed. No
induced degradation of bacteria strains has been proved even after prolonged
action. No induced metabolism has been observed in rats after extended ace-
sulfame K action followed by C-acesulfame K application. Except for the
effect of potassium, acesulfame K has no farmacological effect [2].

In Codex Alimentarius, specifications have been worked out for acesulfame K
with respect to the evaluation of identity confirmation and evaluation of pu-
rity. Acesulfame K must not contain more than 3 mg.kg~* arsenic, 30 mg.kg™
selenium, 30 mg.kg! fluorides, and the total content of heavy metals must not
exceed 10 mg.kg™t. The list of acceptable acesulfame K additives for the indi-
vidual foodstuffs has so far not been prepared by FAO/WHO, however, the
ADI value has been determined in the range of 0 to 9 mg.kg™* of body weight
(3, 4].

In Great Brittain and Ireland, FRG and Belgium, acesulfame K has been
already approved for foodstuffs use and is marketed under the name Sunett.
It is expected that further countries obtain consent for its application in near
future.

Acesulfame K is economically more advantageous than Usal and many

= Other sweeteners. From the price comparison on American market it follows
that the price of this new sweetener per sweetening unit is about 3,5 times lo-
wer compared to beet sugar and it is close to the prices of the most widely used
synthetic sweeteners saccharin and cyclamates.

Analogically to other synthetic sweeteners, the largest field for the possible
~pplication of acesulfame K are soft drinks where the product may be used both
i+ dry form and as stock solution. Its use is also anticipated for sweetening beer,

e and spirits. In case of application into other foods, where sugar has also

Ler functions apart from the sweet taste (the required volume of the products,
<o flavour and colour resulting from Maillard reactions, preserving effect
l.c increased osmotic pressure ete.), the substitution of sugar should be

- combining acesulfame K with hydrocolloids and other additives.

- K is expected to find use as sweetener in bakery and confectionary



products, fruit spreads, chewing gums, and in the production of mouth cos-
metics.

The studies of the application areas abroad concentrate mainly on the rela-
tions between the concentration of acesulfame K and sweetness as well as on
influencing the taste by synergic effect of acesulfame K with other sweeteners.
The results are mainly patents for preparation of sweetener mixtures used for
low-energy products such as combinations of acesulfame K with fructose [5],
saccharin [6] or other sweeteners.

The problem of thermal and hydrolytic stability of acesulfame K is impor-
tant from both technological and hygienic aspect, as background information
for the determination of suitable application conditions and stability of the
final product.

The German manufacturer (Hoechst A. G.) states that acesulfame K is
stable for several months at the temperatures below 40°C and pH 3 to 8. The
hydrolysis yielding mainly acetone and CO, (by decomposition of acetylacetic
acid) takes place under extreme conditions, at pH below 2,5 or in strongly
alkaline solutions. It is also stated that acesulfame K water solutions can be
sterilized and stored for one month without hydrolysis [7]. Increased attention
should be payd to acesulfame K stability as the basic condition for ensuring
the health innocuousness of foods where this new sweetener is proposed for use.

Materials and Methods

The new sweetener acesulfame K was synthetized under laboratory conditions
according to the procedure worked out by the workers of the Chair of organic
chemistry of Slovak Technical University. Chlorsulphonylisocyanate used as
the starting material was reacted with 3-oxobutyric acid terciary butyl ester
to yield acesulfame K (Fig. 1).

The structure of the product was confirmed by IR and *H NMR spectra. The
UV spectrum of the synthetized acesulfame K in neutral medium was found to
comply with the FAO identification test, i. e. the product had an absorption
maximum at 2274-2 nm [3]. Out of the neutral pH region a shift of the absorp-
tion maximum was observed.

Acesulfame K solutions were prepared in the concentration range of 0,05
to 1,00 g.1-1, at pH values ranging from 3 to 11. The pH value of the medium
was adjusted using compounds not interfering in the solutions with the UV-
-spectra measurements. All buffer solutions for pH adjustment were prepared
so that their ionic stregth was I = 0,1 under the following conditions:
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SO,—NH Fig. 1. Synthesis of acesulfame K
Medium : Buffer solution used:
pH 3 citric acid 4 sodium citrate
pH 5 acetic acid 4 sodium acetate
pH 7 KH,PO, 4+ K,HPO,
pH 9 NaHCO; 4 Na,CO,
pH11 NaHCO,; - Na,CO4 [8].

Hydrotherma! degradation of acesulfame K was studied in the above solutions
at 100°C in dependence on time. The samples were maintained at the given
temperature in sealed test tubes.

The content of acesulfame K in the particular samples was determined spectro
photometrically on a dual beam apparatus Specord M 40 (Zeiss, Jena) under
following conditions:

— spectral slit width: 0 em-1
— integration time: 1

— attenuation: X 5

— chart speed: 2 mm.s™t

Stability of acesulfame K at the experimental conditions has been characte-
rized by the halflife and the rate constant k which has been calculated from the
appropriate kinetic equation after determining the reaction order. The order
of the reaction was determined from the dependence of the haldife of acesulfame
K on the concentration [9].



Results and Discussion

The absorption spectra of acesulfame K in UV region and its changes at hydro-
thermal degradation are shown in Fig. 2.

The study of hydrothermal stability of acesulfame K at 100°C showed
a considerable influence of the pH value of the medium. Results of acesulfame K
determinations in dependence on the initial concentration and time at different
pH values are given in Tables 1 trough 5. The Tables also give the values of
halflives and rate contants separately for each concentration. The concentra-
tion changes of acesulfame K in dependence on time and pH at 100°C are illus-
trated in Fig. 3.
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Fig. 3. Changes in the absorbance of acesulfame K solutions (0,01 g.l-!) maintained
at 100°C and different pH values in dependence on time
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Table 1. Hydrothermal degradation of acesulfame K at 100°C and pH 3

Time (days) Acesulfame K cglncentra.tions
(g.17)
0 0,050 0,100 0,500 1,000
1 0,025 0,043 0,233 0,458
2 0,015 0,025 0,133 0,295
3 0,010 0,015 0,083 0,095
7 (h) 24,0 18,0 21,1 21,1
k (h™?) 2,88.102 3,85.102 3,28.1072 3,28.1072
Table 2. Hydrothermal degradation of acesulfame K at 100 “C and pH 5
Time (days) Acesuifame K concentrations
J (g . 1‘1)
0 0,050 0,100 0,500 1,600
1 0,049 0,098 0,488 0,965
2 0,048 0,096 0,491 0,979
4 0,046 0,093 0,469 0,939
6 0,040 0,078 0,396 0,842
8 0,036 0,076 0,383 0,797
9 0,035 0,074 0,364 0,769
12 0.032 0,067 0,334 0,682
14 0,029 0,060 0,295 0,647
16 0,028 0,058 0,298 0,624
19 0,026 0,258 0,258 0,494
7 (h) 484.8 492.0 192,0 468,0
k(h™) 1,43.1072 1,41.1073 1,41.1073 1,48.103

As can be seen from the calculated halflife values of acesulfame K decompo-
sition, these values are similar at the same pH values. Thus, at a given pH
value and constant temperature, the rate of decomposition of the product does
not depend on its initial concentration and the hydrothermal decomposition
of acesulfame K can be considered a first-order reaction. This is also evidenced
by the calculated reaction order with values between 0 and 1.

The stability of acesulfame K and its decomposition rate at 100°C and the
pH values given can be evaluated by the rate constants calculated from the
equation for first order reactions:

k =1In2.71[9]



Table 3. Hydrothermal degradation of acesulfame K at 100 °C and pH 7

Time (days) Acesulfame K c:)lncentrations
(g-17)
0 0,05 0,100 0,500 1,000 5,000
1 0,049 0,099 0,496 0,990 4,965
2 0,049 0,098 0,488 0,981 4,959
4 0,048 0,094 0,488 0,966 4,824
5 0,047 0,090 0,469 0,945 4,715
8 0,041 0,084 0,414 0,780 3,977
11 0,040 0,074 0,418 0,713 4,067
15 0,036 0,069 0,363 0,489 3,067
18 0,024 0,021 0,251 0,225 1,484
20 0,009 0,001 0,118 0 0,038
21 0,002 0 0,029 0 0
7 (h) 428,4 352,8 432,0 355,2 388,8
k (h-1) 1,62.1072 1,96.10-3 1,60.10° 1,95.10°° 1,78.1071
Table 4. Hydrothermal degradation of acesulfame K at 100°C and pH 9
S—
(days Time) Acesulfame cn:rllcenbra.tios
(g-17)
0 0,050 0,100 0,500 1,000
1 0,044 0,088 0,444 0,841
2 0,037 0,074 0,371 0,719
3 0,028 0,059 0,305 0,588
4 0,020 0,043 0,238 0,442
6 0,004 0,014 0,098 0,167
7 (h) 79,2 84,0 92,2 85,2
k (h™1) 8,75.1073 8,25.10°3 7,69.1072 8,13.10-2

The decomposition rate of acesulfame K at 100°C characterized by changes
in the pH values of the solutions and by rate constant values is different at
different pH of the initial buffer solutions. The degradation is obviously the
slowest in weakly acidic solution at pH 5 where rate constants from 1,41.16-3
to 1,48.10-3 h were determined. Increasing pH of the medium results in
faster decomposition of acesulfame K. This can be concluded from the rate
constants values which are approximately 5 times higher at pH 9 in comparison
with the values obtained at pH 7 (7,6.107% to 8,8 .103 h-1). The fastest decom-
position of acesulfame K was observed at pH 11 were the rate constants were
as high as 4,8 to 5,3.10-2h~1. Analogically, the pH shift towards strongly acidie
region resulted in faster decomposition of the product compared with the decom-
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Table 5. Hydrothermal degradation of acesulfame K at 100°C and pH 11

Time (days) Acesulfame K cg}ncenbra.tions
(g-17)
0 0,050 0,100 0,500 1,000
1 0,014 0,031 0,159 0,346
2 0,002 0,006 0,062 0,154
3 0 0 0,032 0,110
7 (h) 13,2 14,4 14,4 14,4
k (h-1) 5,25.102 4,81.10 4,81.1072 4,81.102

position rate in neutral medium. The decomposition in acidic medium is, ho-
wever, slower than that in alkaline medium. At the pH value of 3 which had
been chosen as an extreme value for very acidic foods the decomposition rate
of acesulfame K was characterized by rate constants values between 2,9.10-2
and 3,9.10-2h-1,

With respect to its high sweetening ability acesulfame IL may be expected
to be practically used at low concentrations. The product would be subjected
to the 100°C temperature considered throughout this study only for a limited
time (cooking or sterilization of the foods). The anticipated application region
is within neutral or acidic pH higher than pi = 3. The results presented here
show that the decomposition rate of acesulfame K at conditions considered for
practical application is relatively low. At pH 7 and pH 5, the initial concentra-
tion of acesulfame K in the solution is practically maintained after 24 hrs at
100°C; at the extreme value of pH = 3 the final concentration is approximately
one-half of the starting concentration.

As already stated, the decrease of acesulfame K concentration in the solution
is not crucial from the technological aspect. However, further attention wili
pay to kinetic studies and identification of the decomposition products of
acesulfame K, in order to characterize the stability of this new synthetic swee-
tener and find out the optimum conditions of its use in food industry in cormp-
liance with health protection standards.
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I‘n;lpo'repmmccnaﬂ ¢TadiiibHOCTh HOBOTO Cla/{kero BCILECCTBA .‘xll(‘(‘:\'.'ll

PesoMe

liporenena paspaboTka Xojla aHasin3a HOBOTO CIaJKoro BemmecTBa Anecyisdanva K B a-
GOpaTOpPHLIX YCJOBMAX I M3Yyyalach €ro cTa0uIbHOCTH B pacTBOpAx 1pi teMmeparype 100°C
B 3aBHCEMOCTII OT JCXOZHON KOHICHTPAIMY IPOyKTa i pIH cpebl Ha OCHOBAHITN 3MC el
KOHIeHTpaiuii B yibrpaduoserosoii obmactu. IIpoBejiensl BEIUICTOHNA 3HaueHuil moiy-
nepuojzia pasiaoskenis. Onpejienero, uTo pasiosicnie Anecysnama K nporeraer o pearii
NEPEOYO HMOPA/(KA ¥ IPOBEJICHLI BLINKCIICHAA KOHCTAHT CKOPOCTH PAsiozKemita. Pesynnrarst
nokasann, uro Auecyasgam K B Ha0/I0/[aeMbIX YCIOBUAX OTHOCHTELHO ¢TaGuien, npuieMm
pacTeopnl cambie ctabuapusie npu pH 5—7. Iipu musmux smavenusix pH nporexaer pasic-
smenue Amecynsfama K Owbicrpee. Camoe JLICTPOe PAasiosKCIIE H3YUacMOIO CJAJIKOT0 Be-
neeTBA IPOTERAET B pacTBOpe B IMe/I0uHoil ofiracti. HecmoTpst ma 1o, uro Amnecyanam K
OTHOCUTCTRHO CTAOHJCH NPH IPE/HOJIaraeMbiX YCIOBHAX €I'0 TeXHOJIOIHYeCKOr0 IIMEHe-
BHsI, MBlL OyjieM yeJIsATh BHUMAHIC H3YUCHNIO ero craluminHocTit Gosiee moppolHo, 4TOOLI
GpITH CO3JAHLI YCTOBHA JUIA €10 ONTHMAJIBHCIO HPHMEHCHIA ¢ TOUKI 3peniist (e3ynpeinocTa
HHIEBBIX TPOIYKTOB.

Hydvotermicka stabilita nového sladidia Acesnlfomu K

Sthrn

Vypracoval sa pestup syntézy nového sladidla Acesulfamu K v laboratérnych podmien-
kach a sledovala sa jeho stabilita v roztokeeh pri 100 "U vV zédvislusti od vyvhivdishuyvoj
koneentrécie produktu a pH prostredia, na zdklade merani koncentrécii v UV oblasti.
Vypoécitali sa hednoty poleasov rozkladu. Zistilo sa, Ze rozklad Acesulfamu K prebieha
podla realkcie prvého poriedku a vypoditali sa 1ychlostné konstanty rozkladu. Vysledky
dokézali, ze Acesulfam K je prisledovenych pedmienkach pomerne stabilny, pri¢om naj-
stabilnejsie rozicky st pri pH 5—7. Pri niz$ich hednotéch pH prebicha rozklad Acesulfa-
mau K rychleisic. Najrychlejsi rozklad sledoveného sladidla je v roztoku v alkalickej
oblasti. Napriek tomu, %e Acesulfam K je pomerne dobre stabilny pri predpclledanych
pcdmienkach jeho technologického uplatnenia, budeme venovat pozornost sttdiu jeho
stability pedrobnejsie, aby sa vytvorili predpoklady pre jeho eptimdlne uplatnenic z hla-
diska zdravetnej nezdvednosti potravindrskych vyrobkov.
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