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Hyilrothermal stability of the new sweetener dcesulfclme K

MILAN SUHAJ _ MILAN I(OVAE - }IICI{AL UI{ER _ TEREZIA VACOVA

Summary. A proced,rre for labora,tcry :-.'nthesis of tire nes' i l','!retiailcl' ctteutl-

farne I{ has boen workecl oub. The stabilitv of tlia cornpcund in soltrticns lr:lr lleen
siudicd ab 100'C in dopencllnce on the iuitial concentrrlbion o{ tir': plrcluL,t ir,nd.

pH vrrlue of the media, b.r,sed on ooncent,raticn nreasulenrents irr Lr\- r'cgion. The
lralflife values wore crrlculated. Acentl.fame.I( clecomposition rvas fouircl to f,rilorr
a fir'st orcl,rr rei',ction ii:rcl t'ho d;conrpositiorr rili,s constants lveri: calculair:t1. The
resnlts inclicato that, undcr the experiment,ai colclitions, acesul,fatne y'l is rclt-- rivel)'
stable, t'he solrt'ions being most, stable iir tlre pH region 5 to 7. Lou'er pI{ values
contribuied to faster acesul,Jane 1i dccomposition. Tho fastest clecompositior'of ace-

s,ulfama Ki:n a solubior \v.ls observed in allialine region. Irr spito of the ob-.erved lelzr-
tively good stability of aaesulfame -K undar the assumccL conclihious of iis l,echnol'l-
gical usc, further attontion rvill bo devoted to more dei,.r.iicd sl,utly of its optimurl
utilization with respect t,o the protection of consunrors'her,lth.

Iruture development of fooil industr;' is direcbi5' bound to intorsir.e utiliztl-
tion of food ailditiyos, amolg which synthetic sweeteileis have an irnuriialt
place. In CSSR,, tho production of Usal as a further synthetic s\yeeteiler has
been started, to complement the still used saccharin and cycla,na,tei. A uerv

sweotener acesulfams pota,ssium seoms to be promising for pelspectire ttse. It
is cunently being evaluated rvithin the I'AO/iVHO frame'rvork.

Acesulfame K is 6-methyl-1,2,3-oxathiazin-4(3H)-one-2, 2-dioxicle potilssiun
salt. It had been discovered in 1967 and testing of ibs hrgienic trt,.eptrrlrilit1'
and teehnologica,l evaluation a,re in progress evei sinc:. Jceszilfr1n2"- K is :r, rvhite
crysta,lline powaler, odourless, with an intensivelr- q"relt taste. It is well soluble

fng. Milan Suhaj, Ing. Milan Kovri,d, CSc., Ing. Ter6zia Yacov6, CSc., Foocl Re-
search Institute, Trondianska 53, 825 09 Bratislava.

Assoc. Prof, Ing. Michal Uher, CSc., Dr-pilrtmellt of Chemistry and Technology, of
sacchariclos and Food-stuffs, Ftlculty of Chemical Technclogy, Slovak Toohnical
Ifniversity, J6nska l,812 37 Bratislava.

t3



in n-ater, less soluble in ethanol. Acesulfame K is about 200 times sweeter than
:Liclose, the relative intensity ofsrveetness being higher at lov,er concentrations.
At higher concentrations of acesulfame K in solution, the su'eet'ness 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

c,f nrrpleasant off-flavour. In solicl state, acesulfame K is highly stable and it is
rrot lrygroscopic. It is deconiposed at about' 225"C ll,2f.

Ihe metabolic studies done until now showed acesulfame K is not, metabc-
lized in the organism, it is readily excleted from the organism unchanged, its
energetic value tlius being pi'a,cticallv zero. It, is resistent to the digest'ive tract
bacteria. Neither bactericiclal nor promotoric effect has been observed. No
induced degradation of bacteria strains has been proved even a,fter prolonged

action. No induced metabolism has been observed in rats after extended ace.-

su,lfame -I( action follorvecl byla C-acesulfame I( application. Except for t'hc

effect of potassium, acesulfame.K has no farmacological effect 12].
Iu Codex Alimentarius, specificat'ions have been worked out for acesuWme K

with respect to the evaluation of identity confirmation and el'aluation of pu-
rity. Acesulfame K must not contain more than 3 mg . kg-1 atsenic, 30 mg. kg-l
selenium, 30 mg. kg-1 fluorides, and the total content, of hear-y metals must not
exceed l0 mg.kg-1. The list of acceptable acesulfame K additives for the indi-
riclual foodstuffs has so far not been prepared by FAO/WHO, however, the
Al)f value has been determined in the range of 0 to 9 rrg.kg-l of body weight

[3, 4].
In Great Brittain and frelancl, FRG and Belgium, acesulfame K has been

t.h'eady approved for foodstuffs use and is marketed under the name Sunett.
It is expected that further co..rntries obtain consent for it's application in neal
future.

Acesulfo,me K is economically mote advantageous than Usal and mauy

l otliel sweeteners. From the price comparison on American market it follows
tht-L,t the price of this nerv sweeteuer per srveetening unit is about 3,5 times lo-
\\. {'r compared to beet sugar and it is close to the prices of the most widely used
-r-nthetic sweeteners sa,cchalin tlncl cyclamates.

Analogically to other synthetic sl'r.eeteners, the largest fielcl for the possible
r ,r ,lir,a.tion of acesulfame K are soft cirinhs rvhere the product may be used botlr.

: irl folm and as stock solution. Its use is also anticipated for sweetening beer,
" r ' : nL1 s1-rii'its. fn case of application into other foods, whele sugar h.as also
' : lr;rlttions apa'r,rt from the srveet taste (the required l-olume of the products,

- -- rl:,r-oul irncl colour resuiting from l{aillard reactions, preserr,-ing effect
r in,-r'ttrscci orrurotic plessure etc.), the substitution of sugar should be
' ' ,,-.ri-,l,ir',ing acesulfe,,nie Ii I'ith h;,-drocolloicls ancl other adclitivel.

1i :- rx1;cc'1c,.1 to filcl u"se as sv'eetener in bakery and confeciiorratv
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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 srveetness as well as on
influencing the taste by synergic effect of acesulfarne K v'ith other sweeteners.
The results are mainly patents for preparation of sweetener mixtures used fcrr
low-energy products such a,s 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 bo1,h 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 acesulfarne I( is
stable for several months at the temperatures below 40'C and pH 3 to 8. The
hydrolysis yielding mainly a,cetone and CO, (by decomposition of acet5.lacetic
acid) takes place under extreme condit'ions, at pH below 2,5 or in strongly
alkaline solutions. It is also st'ated lhal 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 anil Methoils

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. l).

The structure of the product was confirmed by IR, and lH NIVIR, spectra. The
UV spect'rum of the slmthetized acesulfam,e K in neutral medium was found to
comply with the X'AO identificat'ion test,, i. e. the product had an absorption
maximum at, 227 !2 nm l3]. Out of the neutral pH region a shift of the absorp-
tion maximum \4'as observed.

Acesu,lfame K solutions were prepared in t'he concentration range of 0,05
to 1,00 g.l-1, at pH values ranging flom 3 to ll. The pH value of the medir.irir
rvas adjustecl using compounds not interfering in the solutions 'n'ith the f \'-
-spectra mea,surements. All buffer soiutions for pH adjrrstmeitt 'were pleparcrl
so tha1, their ionic stregth was I : 0,1 under the follorving conclitions:
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lHa)s C-OH + (CHTCO)2 + CIf 
'-CO-CHa--COOC(CII') 

g

+ clsorNco
.1,

-CIf2C:O -COr CH3-CO-CH-COOC(CHr)'
l<--l
NH-SOrCI -(CHr)rC:CHz CO-l{H-SOzCl

(cHr), c-oH

cH3-co

t. EIBN, -HCl
2. KOH, H,O

Fig.

Buffer solution used:
citric acid f soCiurn citrate
aeetic acid f sodiurn acetate
KHzPO4 + KzHPO4
NaHCO, f NarCO,
NaHCO, -]- NarCO, l8l.

1. Synl,iresis of acesuffa,me I{

HrC.. 'l'\n_
g,/ \:o

\./
soz -NH

Mecliurn:
ptrI 3
pH5
pH7
pHe
pHll

Hydrothermal degradation of acesulfame K was studied. in the above solutions
at 100"C in dependence on time. The samples were rnaintained. at the given
temperrr,ture in sealed test tubos.

The content of acesu,lfame Kinthe particular samples was determined spectro
photometrically on a dual beam apparatus Speeord 1\[ 40 (Zeiss, Jena) under
follou'ing conditions :

- spectral slit width: 0 cm-1

- integi'ation t'ime: I s

- attenuation: X 5

- chart speed : 2 mm. s-l
Stabiliiy of aaesulfame K al the experimental conditions has been characte-

rized by the ha,lflife and the rate constant k which has beea calcula+,ecl from the
appropriate kinetic equation after determining the reaction order. The order
of the reaction was determinod from the dependence of the halflife of acesulfame
K on the concentration [9].

l'l



)C'CIIs)3
Sr_ O

lOtl.-'(CHs)s

-so:cl

.-) a::sulJtt'm,e I{

i = .:,,,rr-€ solutions
i--' i r-r: the given

[+:.:: -:r i :rell spectro
Z:'-=.. Jeira) under

h,rr beett characte-
zl.,-:i:.lecl from the
r or'-ler'. The order
r!life of acesulfame

Besults anil Discussion

The absorption spectra of a,cesulfame KinUVregion and its changes athydro-
thermal degradation are shown in Fig. 2.

The study of hydrothermal stability of acesull'ame I( at l00oC shorved
a considelable influence of the pH value of the medium. Results of acuulfam,e I{
determinations in dependence on the initial concentration and time at different
pH values are given in Tables I trough 5. The Tables also give the values of
halflives and rate contants separately for each concentration. The concentra-
tion changes of acesulfame Ii in depenclence on time and pH at 100"C are illus-
trated in X'ig. 3.

Fig. 2. Absorptiorr sirr.ctra ol acasu,lfc,,,me 1( solulion (t1,01 g.l-r)
tipH.-i

i i-it)'C

i rltJoc

ooys

Fig. 3. Changes in tho absorbanco of acesulfamo I( solutions (0,01 g.l-1) maintained
at 100'C and difforent pII values in dopondonco on timo

q6

A

Dh
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Tabls l. Hydrothermal degradation of acesulJama K at 100"C and pI{ 3

Time (days) Ac esulJatne l( concentrationg
(s.I-1)

o
I,
3

0,050
o,026
0,016
0,010

0,100
0,043
0,025
0,0r5

18,0
3,85. l0-'

0,500
o,233
0,133
0,083

91,1
3,28. t0-2

r,000
0,458
0,295
0,095

2l,l
3,28. r0-e

z (h)
k (tr-t1

24,O
2,88. I0-2

Table 2. I{ydrothcrmal degradatiou of acesull'arne K at lCt0'C.rncl p}I 5

tl t' e s u lJ a nrc 1l colccr.rtrationsTime (cia1's)

0
I
2
4
6
8
I
2
4
6
I

0,050
0,049
0,048
0,046
0,040
0,036
0.035
().032
0,029
0,098
0,026

0,100
0,098
0,o96
0,093
0,078
0,0 i6
0,074
0,067
0,060
0,058
0,25S

0,500
0,488
0.491
0,469
0,396
0,383
1r,364
0,33il
0.295
r),298
(r.258

l,c{}0
0,s0s
0,979
0,939
0,842
0,79?
0,769
0,6st
0,ri{7
0,624
0.494

z (h)
K (h-1)

492,0
1.4I. l0-3

JO.) O

1..i1. . lt)'3
468,0
1,48. 1r,-.

As can be seen from the calr:uiatecl halfl.ife yalues of a,ccsulftttne Ii clecrimlitt-
sit'ion, these ralues a, e similrr,r at, the same pH Y&hlcs. 'l-lms, at a gir-cn pH
yalue and consta,nt temperatrire. the rate of decomposition o1'tire producl, does

rrot depend on its initial concentra,tion and the hydrothermal decornposition
of acesulfame K can be considerecl tr, first-order reaction. This is also evidencerl
b1- the calculated reaction order u,ith values between 0 and l.

The stability of acesulfame K and its decomposit'ion rate at 100'C and the
pH yalues given can be evaluated b5r the rate constants caleulatetl from thc
r..ruation for first order reactions:

k : ln 2. r-1 [9.]



g:i:,H 3 Table 3. Ilydrothermal degradation of acesuAame K at 100 "C and pII 7

Timo (days) Acesul,f ame K concontrations
(g.l-')

0
I
q

4
c

0,06
0,049
0,049
0,048
0,047
0,041
0,040
0,036
0,024
0,009
0,002

428,4
1,62. l0-3

0,100
0,099
0,098
0,094
0,090
0,084
0,074
0,069
0,021
0,00r
0

0,500
0,496
0,488
0,488
0,469
0,4t4
0,418
0,363
0,25r
0,1 I8
0,029

432,O
1,60. l0-3

r,000
0,990
0,981
0,966
0,945
0,780
0,7r3
0,489
0,225
0
0

5,000
4,965
4,959
4,824
4,7t6
3,977
4,067
3,06?
r,484
0,038
0

8
ll
l5
l8
20
2t

7 (h)
k 1n-r1

352,8
1,96. 10-3

355,2 I 388,8
t,95. I0-3 I 1,78. l0-r

r,000
0,458
0,295
0,095

tl,I
i.t8. l0-2

- ::fi 5

':ts

l,c{)0
0,965
0,979
0,939
0,842
0,79'7
0,709
0,682
0,647
o,624
L!.49i1

0,r00
0,088
0,074
0,059
0,043
0,014

0,500
o,444
0,37r
0,305
0,238
0,098

1,000
0,84r
0,719
0,588
0,442
0,r67

0,050
0,044
0,037
0,028
0,020
0,004

79,2
8,75 . l0- 3

Table 4. Hydrotherrnal degradaticn of acesu$ame -I{ at 100"C and pH g

(da5's Time) AcesutrJama concentratios

0
I,
3
4
6

468,0
1.4s. l{}-3

. -: -.::-,.' li clecornpo-

-"i. : r r-l giYen ]lH
-: :i-'r ploduct does

=.1 clecomposition
't. :: i,.lso evidencc<l

-i r.
:: .'.: I00oC and thcr

-:-:'.lirteci from the

7 (h)
k (h-tr

84,0
8,25 1u -3

o.)t
i,59

The <iecomposition rate of acesu$arne K at I00'C charactelized by changes
in the pI[ r'alues of the so]utions and by rate constant values is different at
different pH of the initial buffer solutions. The d-egradation is obviously the
slowest in weakly acidic solution at pII 5 where rate constants from l,4l . l0-B
to 1,48.10-3 htl were determined. Increasing pH of the medium results in
faster decomposition of acesulfa.me K. This can be concluded from the rato
constants values which are approximately 5 times higher at pH I in comparison
rvith the values obtained at pH 7 (7,6.10a to 8,8 . l0-'3 L-t;. The fastest decom-
position of acesulfame K x.as observed at pH ll were the rate consta,nts \yero
rr,s high as 4,8 to 6,3. l0-2 h-1. Analogically, the pH shift tol'arcls strongly aciclic
legion resulted in faster decomposition of the product compared with the decom-

r9
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Tablo 5, Hydrothermal degraclation of acesulfa.me -I( at l00oO and pH ll

Timo (days) AcesulJarne l( concontrations
(g.l-')

0
I
2

0,050
o,0r4
0,002
0

0,r00
0,031
o,006
0

0,500
0, r59
0,062
0,032

1,000
o,346
o,Ls4
0,1 l0

z (h)
k (fr-t;

13,2
5,25.t0-z

I4,4
4.81. i0-,

r4.{ | 14,4
4,81. l0-2 I 4.si . t0-,

position rate in neutrd,l medium. The decomposii,ion in acidic lncclium ir. ho-
wevei) slower than that in alkaline medium. At the pH value of 3 l4rich had
been chorion as a,n extreme va,hle for very acidic footls the decomposition rate
of o.cesulfa,me ,I( rvas characterized by rate coirstants vahres betrveen 2,9.10-2
and 3,9. l0-2 h-1.

\Yith resper:t, to its high sweetenirig abilit.r' acesulfarne I( nra'r' be expectorl
to be practically used at lorv concentler,.ions. '.lhc product $'ol-rld be subjected
to the 100"C temperatnle considered 11',vou,ghout tiris study only for a limitccl
time (cooking or s'berilization of the foods). The a,uticipated application region
is within neutral or acidic pH higher thari p-l-l : 3. i['he results presentecl here
show that the decomposition rate of acesulfo,ntc,Ii at cc;rdit'ions considered for
praotical applicatioir is relatively low. At pH 7 a,nd pH 5, iho inititil concelttit,-
tion of ctcesulfame -I( il the solution is pract'ically mainta,ined after 24 hrs ti,t
100'C; r,t the extreme value of pH : 3 the final concentration is approximatclv
one-half of t'he st'arting concentrtr"tion.

As alreaclS' statcil, the dLr.crease of acesulfir,n:e 1( concentration. in the solution
is not crucial from the technological aspect. Ilor-e.Jer, fuliher atteutiorr u,ili
pal'to kinetic, studies and identificaiion of the decomposition proclucts of
ocesulfame 1(, in order to charaet'erize the stability cf this neu' syrrthe'ric srvee-

tener and find out the optimum conditions of its rse in food indusiry irr cor'rp-
lit-Lnce u.ith health protection standards.
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frrgporepunuccHaa cradu:rbrlocrb uorloro cir:i;{rrixo E('lricclni\ .\rlcc'r';u.ri;a:ra K

P c a rolre

lipoeegcna paapa6orxa xoAa arraJrn3a EoBoro cJra/Inolo BerqecrBa A4ecy;rrrparra Ii n.'ta-
6oparopnr,rx Jc.lroBxrrx rr uayqa.racb ero cra6raar,socl'6 B pilcrBopax rrp]r relrneparlpc 100'C
B 3itBrulrMocr;r cr r('xoAHor"r rroH.rtcllrpal(r4r{ lpoAynril rr plI cpensr Ha ocEoBaHllr lra:.rojrt'.l1rri
liornlorrrpa{rii n r';rr,rpatlrnorc:rosofi o6,rac,rrt. .[Iponc;1t,rlr,t Bbrrrlc.rrcHlfl liliurcnrrii lru. ly-
ncl)roJla pa3;ICE{cnlrr. OupeTielcuu, trro paaJlo)r(cBue Aqecy;rr,tfatia K rporcriaer rio ]roa]ilurr
rioploi'o iloptAriii u npoBe/{cur,r Br,r,llcJte}r}rrr }tofiora[T cliopocru pal3iroxterrlrfl.Pc:;y;tr,ratu
IIo]{a3a,rjjt, .rro Arlecy.rr,Sa,rr I( s utr6:tro;laeurrx l,c"'rotsrrsx orrrocrrre;rrJ}ro cra6lurca, ilpnrreM
parrnoprJ caui,re cta5rrrr,Hr,re ilplr pI{ 5-7. IIpu nrrattrx 3na,renr'rrrx pII lporcriaer pa3Jro-
;ncrlne ;\qecy.rr{rarra I( 6r,rcriroe. t,a,uoc Jr,rcrpoe paSi-Io}ficltllc Il3yr.rilc]tolo (.[alrio|o Be-
III(,crBa npororillcr B pacrBopc n rrlc;tovnoi.i o6.'racrrr. HccllorJt;r riil ro, ri-ro,\l1cc;.:l,lptrr K
o'ulocr{TcJr,}Io cra6lrrrcn ilpr fipei(noJraraeM],ix ycJroBrltr\ el'o rcxuoJror'[rlccriofo rtl)]t]ic]te-
HufI, MLr ir;,-;teu \';1e,'rmb BrillMtrHIIc rIBvqerrr:rrc ct'o t'rairr.;ir,trocrrr 6o.ioc rrolpo6lio,.rro6lr
ut,l.ltu coa;1auli ):tJoBrfi AJIu 0lo ollrl{Ma,'lLrlolc irpllirci.Iclrlrtr c rortritr BI)c[IlrI 6ca;'lri,'ruocrlr
nlru{cBLIx rl)o;t\:ri'r'i )P.

,'-Iy{rotermiekir strrbilitrt. ricvdilo slldidlr'lcesul [.:mu i{

Sriirrn

Vyi:racoval sa pcsl-,iir syrrt6lry novdho sla,dicila, Acesulfamt.:,Ii v leirolaut,6r'rr;'ch po<lmiet-
l<ach a sieclovalrr -qa jclio stabilitLr v roztolrech pri IOU'L v z6,i;iu>(i ud vjulrL,(iioLwiuj
licircentr.:i.cio irrcduktu a F}I Ilusi,redia, r..a zdklade n'rerani koticeirtrd"cii v UV obiast,i.

Vypooitali s* hcdnoty pol,-i.rlsov lozkla"du. 2listilo sa,, Ze rozklad ,lcentlfci'nzu 1( i;rebieha
poclla lcal.:cie prv6lio poriadku a vyFoiiiali sa r jchlcstn6 l;onitan'ry rozkkdu. a"-jslccll<y

clokrizali, :ze.4.cet;ulfam.I( je pr'i slcdovarjch pcdmi<,rliuch llcrmerne stabihiy, priir:ri:r Irr,rj-
stabilrrcjiie lo:ri,;i;y sir pri pH 5-7. Prj r'i:zi;icl't hcr'.rcti,t,h 1 I1 prebr',::ha lczl<lacl- Aces'ulfa-

rnu I( r":chleri:ii:. Najrj'chletJi rozkla.d r;ledovan6ho shclidla je'i' roztcl':u v alkalickej
oblt-lsti. Napriek torr'u, Ze .tesnlfam 1( jo pomer'nc dobie stabilrr-v pri piccl-1-rci.!r.rlaI-''ich

pcdmicnkach jeho tcchnolcgichdho uplatrrenia, briclenre vetror'at pozorrrcr't Sttti,u jeho

st,e."bility pcdrcl-rnej3ie, aby sa 1';'tvorili prcdpoklatly pre .jeho optimdlre rrpiitnei-ric' -'r hla-
tlislis zdravotnej nezdve.driost i 1: otravinrirskych lj'r'oblic.r'.
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