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Abstract

This paper presents the thermal analysis of artificial sweeteners, and natural
sugar substitutes. Thermal analysis was done on commercial compositions of
sweeteners using simultaneous DSC/TGA (SDT). Heat flow, and mass vs.
temperature and time thermograms, along with DSC peak enthalpies and
transition temperatures are reported. A number of the sweeteners were found
to undergo transitions and reactions before or at 190°C (375°F, normal bak-
ing temperatures) and all dextrose containing sweeteners show an endother-
mic peak around 80°C due to the liberation of bound water molecules. The
major components of sweeteners studied were found to be generally ther-
mostable at or below 100°C.
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1. Introduction

Sucrose or Sugar was said to have been first used in Polynesia and then its use
spread to the Indian subcontinent with reports of sugar usage as far back as the
8th century BC [1]. Sugar is arguably one commodity that has had a very long
socio-economic history. It was said to have been introduced from India to Persia
sometime around 500 BC by Emperor Darius who found “the reed which gives
honey without bees” [2]. Various European military and other expeditions from
the 14th Century AD and onward are credited for introducing the “sweet salt” to
Europe from Asia and the Middle East. Today, sugar is ubiquitous in pharma-
ceuticals and foods, especially in packaged foods and desserts.

Excessive sugar in Western diets, has been identified as one of the major play-
ers in the explosion of tooth decay, diabetes, and obesity with concomitant nega-

tive impact on productivity and the economy leading to high cost of healthcare
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and lower productivity of workers [3] [4]. In recent years, the health and eco-
nomic concerns have even led to attempts by politicians and health advocates to
ban large scale consumption of sugary drinks [5]. Sugar free sweeteners have
gained popularity over the years as “healthy” alternatives to sugars and high
fructose corn syrup because they are sweet but are not metabolized by the body
[6], making them “calorie-free”. They are also reported to have low glycemic in-
dices, so people with diabetes can use them as substitutes for sugar [7], and some
are purported to have dental health benefits [8] [9].

To meet the demand to sweeten food and pharmaceutical products, and reduce
the use of sugar, scientists created artificial sweeteners, such as aspartame, saccha-
rin, sucralose, cyclamate (currently banned by FDA in the United States, was
banned and re-approved in UK, and approved as sweetener in 130 countries [10]).
Others have looked to sugar-free sweeteners from plants, such as Stevia Leaf Ex-
tract, Brazzein, Monatin, Xylitol, and Monk Fruit extract as natural alternatives.

Saccharin (300 to 550 times as sweet as sugar) was first synthesized in 1879 by
Constantin Fahlberg, a chemist at Johns Hopkins University, who accidentally
tasted the chemical he has been working on and found it to be sweet [11]. After
decades of controversy surrounding saccharin, in 1973, the US FDA reported
that research found bladder cancer in lab rats fed with saccharin [11] [12], and
placed warning labels on it. It was however banned in Canada. Aspartame (200
times as sweet as sugar) is a methyl ester [13] which was discovered in 1965 by
James M. Schlatter at the G.D. Searle Company. He was reported to be working
on an anti-ulcer drug and accidentally licked his hands to discover the sweet
taste. Sucralose (600 times as sweet as sugar) was discovered in 1976 by scien-
tists from Tate & Lyle, and King’s College, London. The story is that one of the
researchers (Leslie Hough and Shashikant Phadnis) working on synthetic su-
crose asked Phadnis to test the material and he heard it as “taste”, so he did and
found it to be very sweet. Sucralose is modified sucrose with a couple of OH
anions replaced by Cl anions, and so has been advertised commercially as “made
from sugar and so tastes like sugar”. It is described as “stable to heat” and so
suitable for baking [14]. Acesulfame-Potassium (Ace-K) (200 times as sweet as
sugar) was discovered in 1967 by German chemist Karl Clauss at Hoechst AG
while working on a class of compounds with similar structure as Ace-K, when he
is said to have licked his finger to pick up a piece of paper and found that it was
sweet. Ace-K was selected as the best of the group for further development as a
sweetener. Ace-K is also described as “stable to heat” and so suitable for baking
[15]. Sodium Cyclamate (30 - 50 times as sweet as sugar) was discovered in
1937 by graduate student Michael Sveda at the University of Illinois. He was re-
ported to be working on the synthesis of an anti-fever medication. The material
he was working on got onto his cigarette and when he put it in his mouth, he
“discovered the sweet taste of cyclamate” [10]. In 1966, a study reported that
some intestinal bacteria could desulfonate cyclamate to produce cyclohexyla-
mine, a compound suspected to have chronic toxicity in animals. Another study
in 1969 found that a 10:1 cyclamate:saccharin mixture increased the incidence of
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bladder cancer in lab rats [10]. Although there was other research to refute the
later, FDA in the United States banned its use as a sweetener in 1970. Cyclamate
is approved for use in Canada, UK and over 130 nations.

A number of natural sweeteners have also been packaged for commercial use.
Stevia (150 times as sweet as sugar) is extracted from the leaves of the plant spe-
cies Stevia rebaudiana. The plant Stevia rebaudiana has been used for more than
1500 years in South America (Brazil and Paraguay) to sweeten local teas and
medicines. Stevia is also commercially reported to be “heat-stable” [16]. Monk
Fruit (about 300 times as sweet as sugar) is from a small melon that has been
cultivated in Southern China and Northern Thailand for centuries and used as
sweetener in local drinks and medicines in China. It is reported that, monk fruit
is named after the Buddhist monks who first cultivated the fruit [17] [18]. Xyli-
tol (just as sweet as sugar 1:1) can be obtained from corncobs, birch trees and
several fruits in the form of Xylose. The 5-carbon sugar alcohol xylitol was dis-
covered by E.H. Fisher and R. Stahal in Germany and by M.G. Betrand in France
[19]. During World War II, Finland is reported to have suffered a major sugar
shortage and turned to xylitol as a sugar alternative, taking advantage of their
large birch forests [20]. In the early 1970s, Finnish researchers at the University
of Turku discovered that xylitol could also reduce the bacteria in the mouth that
caused tooth decay and reduce cavities [21] [22] [23].

Since sweeteners are food products, much has already been done to test the
stability and toxicity of these sweeteners, but studies have not always been con-
sistent leading to ongoing claims and counter claims of the benefits and dangers
of sweeteners [24]-[30]. Some studies and public distrust of artificial food prod-
ucts have brought claims that artificial sweeteners have carcinogenic effects [31].
Other studies seem to refute such claims and state reasons why the previous stu-
dies were flawed [29] [30]. In the case of aspartame, there are campaigns calling
for its use to be banned entirely [31]. These studies also focus on sweeteners at
normal ambient temperatures, and the studies of the stability of sweeteners seem
to focus on long term storage and interactions with compounds with varying pH
levels [32].

The prevalence of sugar substitutes in baking, however, demands robust sta-
bility testing at standard baking temperatures, traditionally 177°C - 218°C (350 -
425 °F) [33]. It is easy to see, from the molecular structures, why artificial sugar
substitutes need to be tested at high temperatures. Most of these sugar substi-
tutes are large molecules with ring structures. These kinds of molecules are
prone to fairly complex decomposition reactions [34], leading to decomposition
products that may not previously have been studied for health reasons. There do
not seem to be extensive studies on the stability of sweeteners at higher temper-
atures. This paper reports the use of Simultaneous Differential Scanning Calo-
rimeter (DSC) and Thermogravimetric Analyzer (TGA) to study the stability
and provide information on the thermal transitions of popular artificial and
natural sweeteners with respect to temperature, especially at traditional baking

temperatures.
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2. Experimental

Since thermal response of materials is often impacted by the presence of other
materials, commercially available compositions were used to obtain more realis-
tic thermal profiles. A TA Instruments Q600 SDT (Simultaneous DSC and TGA)
was used. Samples of commercial compositions of sweeteners' were weighed and
heated in open alumina crucibles between room temperature and 600°C. Heat-
ing rates of 5°C/min were used. In addition, the samples were heated at a rate of
20°C/min from room temperature to 190°C and held isothermally at 190°C for
50 minutes to mimic baking at about 190°C (375 °F). The latter process will be
referred to as the “baking process”. Nitrogen was used as the purge gas. Heat
flow (W/g) and mass (% weight) were obtained as a function of temperature and
time. The sweeteners studied were commercial compositions of the following: 1)
sucrose 2) saccharine 3) Stevia, with dextrose 4) Stevia, with erythritol, 5) Ace-
sulfame Potassium, 6) Monk fruit Extract, 7) Xylitol, 8) Aspartame, 9) sucralose
and 10) Cyclamate. Cyclamate is not available as a sweetener in United States,
but has been touted as a high temperature sweetener, so samples of Sodium
Cyclamate were obtained from Alfa Aesar, and studied.

3. Results

Sucrose: From Figure 1(a), an endothermic event with an onset at 184°C and
peak at 188°C, and with no loss of mass was observed. This event with enthalpy
of about 149 J/kg, was associated with “melting” of sugar. “Melting” in the swee-
teners, are not true thermodynamic melting as observed in metals, for example,
but may be a case of what is referred to as “apparent melting”, a kinetics driven
loss of crystallinity, with transition temperatures that depend on rate of heating
[35] [36]. A second endothermic event closely followed the “melting” with con-
tinuous loss of mass and was associated with caramelization, and followed by
pyrolysis which results in the formation of “blackjack” with accompanying de-
composition. The caramelization process involves complex reactions including
dehydration and loss of other products [37].

The results, as seen in Figure 1(a), support baking with sucrose at high tem-
peratures up to about 250°C where the caramelization process seems to taper off,
and decomposition continues. Figure 1(b) shows heat flow and mass loss during
the “baking process”. The initial small loss of mass during the “baking process”
may be attributed to caramelization which involves loss of water of hydration,
water vapor and other products.

Saccharine: The composition includes dextrose with maltodextrin, calcium
silicate and cream of tartar. Figure 2(a) shows Endothermic event with enthalpy

!Commercial Sweetener Compositions: (1) Sucrose-Domino™ Sugar, (2) Saccharine, with Dextrose,
Maltodextrin, Calcium Silicate and Cream of Tartar-Sweet'n Low™, (3) Aspartame with Dextrose
and Maltodextrin-Equal™ and Nutrasweet™, (4) Sucralose, with Maltodextrin and Dex-
trose-Splenda™, (5) Acesulfame Potassium, with Dextrose, Cream of Tartar and Calcium Sili-
cate-SweetOne™, (6) Stevia, with dextrose-Stevia-in-the-raw™, (7) Stevia, with erythritol-Splenda
Naturals™, Truvia™, Z-Sweet™, (8) Monkfruit Extract, with erythritol-Monkfruit Lankato™, (9)
Xytitol-XyloSweet™.
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Figure 1. (a) DSC and TGA of Sucrose between room temperature and 400°C; (b) Ramp
up and isothermal (190°C) heat flow and weight changes as a function time of sucrose
(sugar).

of 278 J/kg, and onset around 65°C and peak at about 81°C, with mass loss of
about 9.1%. This event is attributed to loss of water of constitution of dextrose
(monohydrate) and conversion to dextrose anhydrous. The measured mass loss
is in line with the 9.09% mass difference between dextrose monohydrate
(CeH1206-H,0) and dextrose anhydrous (CsHi,Os). The second endothermic
event with enthalpy of about 133 J/kg, onset around 133°C, and peak at about
142°C with little to no mass loss is attributed to the apparent melting of dextrose
(anhydrous). Considering the third endothermic event, the literature sets the
melting points of maltodextrin between 200°C and 250°C, and saccharin at

228.8°C, but the precipitous mass loss with onset at about 176°C suggests that
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some sort of decomposition and/or formation of new compounds may be taking
place. Considering the other ingredients, Calcium silicate is known to be stable
up to 1000°C [38], so is not responsible for the third endothermic event. Tartrate
single crystals are known to decompose at about 240°C, and the decomposition
of powdered tartrate (cream of tartar) may occur at a lower temperature [39]
and thus may contribute to the mass loss associated with the third endothermic
event. Figure 2(b) shows heat flow and mass loss during the “baking process”.
The decomposition and/or new compound formation regime is seen to be ar-
rived at within 10 minutes of initial heating.
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Figure 2. (a) DSC and TGA of Saccharin composition with dextrose, maltodextrin,
calcium silicate and cream of tartar. between room temperature and 600°C; (b) Ramp up
and isothermal (190°C) heat flow and weight changes as a function time of Saccharin
composition with dextrose, maltodextrin, calcium silicate and cream of tartar.
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Aspartame: In addition to aspartame, this composition includes dextrose and
maltodextrin. In the case where Acesulfame Potassium (Ace-K) is included in
the composition, the thermograms were very similar. Figure 3(a) shows Endo-
thermic event with enthalpy of 282 J/kg, onset around 65°C, and peak at about
80°C, with accompanying mass loss. The second endothermic event with enthal-
py of 157 J/kg, has onset around 139°C, and peak at 145°C. These two events are
similar to the signature events of dextrose described earlier. The third endother-

mic event with peak at 213°C and accompanying mass loss may be attributed
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Figure 3. (a) DSC and TGA of Aspartame composition with dextrose and maltodextrin
between room temperature and 600°C; (b) Ramp up and isothermal (190°C) heat flow
and weight changes as a function time of the Aspartame composition with dextrose and
maltodextrin.
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to decomposition and other reactions of some of the additives. The “melting” of
aspartame and maltodextrin may also contribute to the third event. Figure 3(b)
shows heat flow and mass loss during the “baking process”. It is seen that about
21% of the material, after the initial loss associated with loss of water of hydra-
tion of dextrose, is lost during the 50-minute “baking” period.

Sucralose: In addition to sucralose, this composition includes maltodextrin
and dextrose. Figure 4(a) shows endothermic event with onset around 64°C,
with mass loss, which is similar to the signature event of dextrose described ear-
lier. The second endothermic event with onset around 130°C, and peak at 138°C
with mass loss and a couple of inflections, may be attributed to the apparent
melting of dextrose (anhydrous) and a couple of overlapping endothermic
events that may include the melting of sucralose. The third endothermic event
with onset at about 226°C and peak at 259°C includes the melting of maltodex-
trin, and the large mass loss suggests some sort of decomposition. Figure 4(b)
shows heat flow and mass loss during the “baking process”. The decomposition
regime is arrived at within 10 minutes of initial heating and with about 20%
mass loss after the initial loss of attributed to loss of water of hydration of dex-
trose.

Acesulfame Potassium (Ace-K): In addition to Ace-K, this composition in-
cludes Dextrose, with Cream of Tartar and Calcium Silicate as bulking agents.
Figure 5(a) shows endothermic event with onset around 64°C, with mass loss,
which follows the signature event of dextrose explained earlier. The second en-
dothermic event with onset around 131°C, and peak at 140°C with no mass loss
may be attributed to apparent melting of dextrose anhydrous as observed in the
earlier results. Acesulfame Potassium is reported to be stable up to 250°C [40].
The event(s) associated with the third endothermic event, onset at about 173°C

and peak at about 200°C, with the accompanying precipitous mass loss, needs
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Figure 4. (a) DSC and TGA of Sucralose with dextrose and maltodextrin between room
temperature and 600°C; (b) Ramp up and isothermal (190°C) heat flow and weight
changes as a function time of Sucralose with dextrose and maltodextrin.

further investigation. However, this composition contains cream of tartar, and
tartrate crystals which are known to decompose at about 240°C, and so pow-
dered tartrate (cream of tartar) may decompose at a lower temperature [38] and
may contribute to the observed mass loss. Also, vaporization/decomposition of
Dextrose may contribute to this mass loss. Figure 5(b) shows heat flow and
mass loss during the “baking process”. The decomposition regime is arrived at
within 10 minutes of initial heating. The Initial mass loss of about 9% follows the
signature event of dextrose described earlier. The significant mass loss of about
30%, after initial loss may be attributed to vaporization and other decomposition
reactions during the “baking process”.

Sodium Cyclamate: Figure 6(a) shows an endothermic event with onset
around 192°C and peak at 260°C, with precipitous mass loss. This event is attri-
buted to the apparent melting/decomposition of Cyclamate. The inflection seen
in the thermograph suggests overlapping of more than one event. Figure 6(b)
shows heat flow and mass loss during the “baking process”. The decomposition
and/or apparent melting regime is arrived at within 10 minutes of initial heating,
but relatively very small loss, just about 1%, of mass during the “baking process”,
suggesting high thermal stability at “baking” temperatures.

Stevia: We studied two sets of commercial compositions. One composition
included only dextrose in addition to stevia and is labeled as S1. The second
composition included only Erythritol in addition to stevia and is labeled as S2.
For S1, as shown in Figure 7(a), the endothermic event with onset around 66°C,
with mass loss, follows the signature event of dextrose described earlier. The

second endothermic event with onset around 142°C, and peak at 148°C with lit-
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tle mass loss may be attributed to the apparent melting of dextrose (anhydrous),
as has been seen in earlier results. There were two more endothermic events,
with associated mass losses suggesting vaporization, decomposition and other
reactions. “Melting” point of stevia is reported to be around 196°C - 202°C [41],
so the third and fourth events may be a combination of the apparent melting,
vaporization of dextrose as in earlier results, and some form of decomposition.

The significant mass losses in the fourth peak suggest the evolution of gases

0.0 } } 100
9.613%
64.69°C (1.193mg)
266.0J/5I;
-0.54
80
Ic) -1.04
= S
3 le0 £
2 140.09°C g
kS =
£ 154
40
-2.04
-2.5 T T T T T 20
0 100 200 300 400 500 600
Exo Up Temperature (°C) Universal V4.5A TA Instruments
(a)
0.0 110
0.5 I
| 100
]
8.838%
(1.979mg)
-1.01
c) 90
=3 S
g 1.5 F £
i 37.47% 2
® 8.391mg) =
2 80
-2.04
F70
2.5
Temperature (°C) ™o\ |
50 125 192 190
-3.0 C : + T T T T A 60
0 10 20 30 40 50 60
Exo Up Time (min) Universal V4.5A TA Instruments

(b)

Figure 5. (a) DSC and TGA of Acesulfame Potassium with Dextrose, Cream of tartar, and
calcium silicate. between room temperature and 600°C; (b) Ramp up and isothermal
(190°C) heat flow and weight changes as a function time of Acesulfame Potassium with
dextrose, cream of tartar and calcium silicate.
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Figure 6. (a) DSC and TGA of Cyclamate between room temperature and 600°C; (b) Ramp up
and isothermal (190°C) heat flow and mass changes as a function time of Cyclamate.

created during heating and so could be due to vaporization of stevia. For baking

purposes, though, the fourth peak does not matter much since baking is usually

done at temperatures below the onset of the fourth event. Figure 7(b) shows

heat flow and mass loss during the “baking process”. The decomposi-

tion/vaporization regime is arrived at within 10 minutes of initial heating with

about 19% mass loss that includes the initial loss attributed to loss of water of

hydration of dextrose.
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Figure 7. (a) DSC and TGA of Stevia composition with dextrose (S1) between room
temperature and 800°C; (b) Ramp up and isothermal (190°C) heat flow and weight
changes as a function time of Stevia with dextrose (S1).

For S2, as seen in Figure 8(a), the endothermic event with onset around
115°C, and peak at 119°C with very little mass loss, is attributed to the apparent
melting of Erythritol. The second endothermic event with actual onset around
180°C and peak around 296°C, accompanied by significant mass loss is attri-
buted to possible vaporization of stevia and erythritol. The rapid and almost
complete loss of mass, with practically no residue at the second event suggested
release of gasses and/or water, thus possible vaporization. Figure 8(b) shows

heat flow and mass loss during the “baking process”. The vaporization regime is
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arrived at within 10 minutes of initial heating, but relatively smaller loss of mass
during the “baking process”, as compared to S1 (See Table 1).

Monk fruit extract: The composition studied included erythritol. Figure 9(a)
shows an endothermic event with onset around 115°C and peak at about 120°C,
with very little mass loss, is attributed to the apparent melting of Erythritol along
with Monk Fruit extract. The second endothermic event with onset around
200°C and peak around 308°C, accompanied by significant mass loss is attri-
buted to vaporization of erythritol and the Monk Fruit extract. The rapid
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Figure 8. (a) DSC and TGA of Stevia composition with Erythritol (S2) between room
temperature and 600°C; (b) Ramp up and isothermal (190°C) heat flow and weight
changes as a function time of Stevia with Erythritol (S2).
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and almost complete loss of mass, with practically no residue at the second event
suggests the release of gasses and/or water. Figure 9(b) shows heat flow and
mass loss during the “baking process”. The vaporization regime is arrived at
within 10 minutes of initial heating, but relatively small loss of mass of less than

10%, during the “baking process”.

Table 1. Summary of mass losses during “baking” at 190°C.

Thermal Stability of sweeteners at 190°C

. % Mass loss during % Mass loss Total %
Composition . . A
ramp to 190°C isothermal at 190°C. mass loss
Sucrose 0.45 13.84 14.29

Saccharine, with Dextrose,
maltodextrin, calcium silicate, 9.16 31.47 40.63
cream of tartar

Aspartame, with Dextrose and

K 9.93 21.46 31.39
Maltodextrin

Sucralose, with Dextrose,

X 9.29 19.95 29.24
Maltodextrin

Acesulfame Potassium with
Dextrose, Cream of Tartar, 8.84 28.63 37.47
Calcium Silicate

Sodium Cyclamate 0.05 1.2 1.25
Stevia, with Dextrose and
. 8.4 10.9 19.3
maltodextrin
Stevia with Erythritol, 0 13.5 13.5
Monk Fruit Extract, Erythritol 0.45 10.55 11.00
Xylitol 0.18 1.97 2.15
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Figure 9. (a) DSC and TGA Monk Fruit extract composition with Erythritol between
room temperature and 600°C; (b) Ramp up and isothermal (190°C) heat flow and weight
changes as a function time of Monk Fruit Extract with Erythritol.

Xylitol: The samples studied had no additives. Figure 10(a) shows endother-
mic event with onset around 90°C and peak at 94°C, with no mass loss, is attri-
buted to the apparent melting of Xylitol. This is in line with reported melting
point of Xylitol [41]. The second endothermic event with actual onset around
180°C and peak around 327°C, accompanied by significant mass loss is attri-
buted to possibly decomposition or vaporization of Xylitol. The rapid and com-
plete loss of mass, with practically no residue at the second event suggested re-
lease of gasses. Figure 10(b) shows heat flow and mass loss during the “baking
process”. The decomposition and/or vaporization regime is arrived at within 10
minutes of initial heating, but very small, just about 2% loss of mass during the
“baking process”.

The mass losses of all samples during the “baking process” are summarized in
Table 1. In all samples with dextrose, there was a consistent mass loss of about
8.5% - 10% before baking temperature of 190°C was reached, and more mass
losses during the 50-minute baking period. Compositions with cream of tartar
also saw larger mass losses during the baking process.

The natural sweeteners Stevia (S2), Monk Fruit extract with Erythritol as in-
gredient, and Xylitol, show linear mass losses as a function of time during the
“baking process” as seen in Figure 8(b), Figure 9(b), and Figure 10(b). This
result also supports vaporization. It is found in the literature that liquid erythri-
tol has a non-negligible vapor pressure [42]. Combined with the fact that there is
almost complete mass loss in as seen in Figure 8(a), Figure 9(a), and Figure
10(a), we can assume that these natural sweeteners eventually vaporized on

heating during the “baking process”. Visual inspection of the residues after the
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Figure 10. (a) DSC and TGA of Xylitol between room temperature and 400°C; (b) Ramp
up and isothermal (190°C) heat flow and weight changes as a function time of Xylitol.

“baking process” also showed the Stevia with Erythritol (S2), and Xylitol leaving
minor colorless melts, while Monk Fruit had a minor yellowish melt, Stevia with
Dextrose (S1) showing significant brown melt, and Sucrose leaving a brown
melt. The others had bulging black residues.

4. Conclusion

A number of these well-known sweeteners seem to have decomposition and/or
some chemical change onsets below or very close to standard and advertised

baking temperatures. At “baking” temperatures some of these sweeteners may be
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undergoing complex decomposition and/or chemical reactions and thus the
need for more careful study of the thermal reaction products of sweeteners at
these temperatures to ascertain their suitability for human consumption in foods
processed above 100°C. The natural sweeteners show little to no mass losses be-
fore the baking temperatures, and simply undergo some vaporization at baking
temperatures. These results also help to explain bakers’ common complaint
about loss of sweetness during baking when using sweeteners other than sucrose.
Thermal stability-wise, all the sweeteners seem to be fine below or at 100°C
(“coffee and tea” temperatures). Of the tested sweeteners, in addition to sucrose,
the Xylitol based sweeteners and cyclamate seem to be the most stable at “bak-
ing” temperatures, followed by the Monk fruit extract, and Stevia with Erythritol
(S2). It is also clear that apart from sucrose, ingredients in commercial sweeten-
ers in low temperature applications, such as in ice cream and other low temper-
ature desserts, end up being different from when the same sweeteners are used in
high temperature applications such as in baking. The results of this work may
thus serve as a guide in above room temperature processing of foods, pharma-
ceuticals, etc., that involve the use of these sweeteners. We plan to do more work
at the transition temperatures to study resulting materials to help improve cur-

rent knowledge of the transitions in these materials.
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