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The technique of heat flow calorimetry was used to study the thermal behaviour of dif-
ferent carbohydrates between 20°C and 270°C. The samples were analyzed by heating in
sealed cells. The temperature range in which exothermic reactions, due to thermal decom-
position, occurred varied widely depending on the type of carbohydrate investigated.
Reaction enthalpies of 44 sugars and polysaccharides are given. Endothermic phenomena,
such as fusion or vaporization of crystaliized water, were also observed: fusion temperatures
and enthalpies of 34 sugars and sugar alcohols are listed. Calorimetric curves showing
crystallization of amorphous sucrose, cellobiose and lactose are also presented.

Carbohydrates upon heating undergo several physical changes and chemical trans-
formations which can be studied by thermal analysis techniques.

Early investigations on the thermal behaviour of carbohydrates were focused above
all on the chemical aspects of the pyrolysis of glucose [1, 2], starch [3, 4], cellulose
{5, 6] and cellulose-rich materials such as wood [7], paper [8] and cottonwood [9].
The experimental design of most of these studies led to sample vaporization and
elimination of the volatiles from the reaction zone. It thus precluded detection of
early exothermic phenomena, which are important for the food manufacturer [10—13]
and for which carbohydrates have been shown recently to be largely responsible in
cereals [11], in coffee and chicory products [12] and in milk powders [13]. Differen-
tial thermal analysis {(DTA) or other calorimetric techniques have also been used to
study the physical state of lactose and sucrose in their pure form [14—16] and of
lactose in milk powders [13, 17—19].

The present study is a systematic investigation into the thermal behaviour — decom-
position, fusion, crystallization — of a range of sugars and polysaccharides. Heat flow
calorimetry was used in order to obtain quantitative data concerning the net heat
changes produced by carbohydrates during their heating. Under the working condi-
tions chosen, the volatiles formed cannot leave the heated cell. The net heat release
measured during carbohydrate decomposition represents therefore the sum of many
reactions and includes secondary reactions which are generally carefully avoided in
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studies focusing on the mechanistic aspects of pyrolysis. As a consequence, our
method does not allow the elucidation of details of the decomposition reactions, but
still provides useful information about the overall process taking place when carbo-
hydrates are heated. This information is important for safely directing high-tempera-
ture processing operations and understanding deterioration phenomena in foods.

Experimental

The instruments used were a special high-pressure DTA apparatus (constructed by
Netzsch) and a conventional heat flow calorimeter (Setaram C 80) of Calvet type.
These instruments have been described in detail in a previous paper [10]. A hot stage
microscope {Stanton Redcroft HSM-6) was used to assist in the interpretation of the
calorimetric curves, especially in those cases where more than one endothermic phe-
nomenon was observed. Gas-chromatography (GC) was carried out on a Hewlett
Packard 5710 A model connected to an automatic integrator 3380 A, using tri-
methylsilyl (TMS) derivatives [20] on a 90 cm glass column packed with 5% SE 30 on
Chromosorb W-AW (DMCS) 80—100 mesh.

With the heat flow calorimeter, sealed cells capable of supporting a pressure in-
crease of up to 100 bar were used. Temperature was programmed at 1 deg/min from
ambient to 270°. The samples were heated in an atmosphere of air and of their own
volatiles. Sample weights of 1g were generally chosen.

On the obtained calorimetric curves, onset temperatures of endothermic or exo-
thermic transitions were determined somewhat arbitrarily by measuring the first
deviation from horizontal base line or horizontal base line prolongation. This proce-
dure gives only approximate values in cases where endothermic and exothermic peaks
are incompletely resolved. The reaction enthalpies indicated correspond to the surface
of the peaks under or above horizontal base line continuation. The peak temperatures
are given without any correction.

Samples

Sugars and polyols were from Fluka AG {Buchs, Switzerland) except glucoheptose
and cellobiose {from Sigma Chemicals, St Louis, USA), maltitol and isomaltitol (gifts
from Anic, Milan, ltaly and from Stddeutsche-Zucker AG, Mannheim, Germany,
respectively). Polysaccharides were from Sigma Chemicals except inulin {(from Fluka
AG), pullulan (from Hayashibara Ltd, Okayama, Japan) and maltodextrins (Roquette
Freres, Lestrem, France). All samples were of the purest grade available. Anhydrous
a-lactose was prepared by refluxing its monohydrate in dry methanol, filtering and
drying in vacuo. f-lactose was obtained by crystallization at 95° from water. Amor-
phous a- and S-lactose were prepared by rapidly freezing cold dilute solutions of the
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corresponding anomers followed by freeze-drying. They contained 94% of the desired
anomer when checked by GC. An amorphous mixture of a- and f§-lactose in the ratio
1:1.5 was obtained by spray-drying a concentrated lactose solution.

Results and discussion

The shape of the calorimetric curves was widely different depending on the type
of carbohydrates analyzed. As expected, all polysaccharides studied, except inulin,
exhibited only exothermic peaks, corresponding to their decomposition. In the case
of the mono- and oligosaccharides the decomposition exotherm was preceeded by at
least one endotherm corresponding to their fusion and in some cases to loss of water.
Most sugar alcohols and the cyclitol myo-inositol did not decompose in the studied
temperature range and exhibited only an endothermic peak due to melting. Finally,
calorimetric curves of amorphous sugars showed an early exothermic peak due to
crystallization. These different phenomena will be dealt with individually in the sub-
sequent paragraphs.

(a) Exothermic decomposition

The onset temperatures of the exothermic peaks due to decomposition varied
between 100° and 230° and the peak temperatures between about 150° and 250°. The
observed enthalpies ranged from 300 to 800 Jg—1. Table 1 shows the calorimetric data
obtained for selected monosaccharides, di- and oligosaccharides and polysaccharides.

The ketohexoses, fructose and sorbose, had peak temperatures 25—35° below all
the other monosaccharides, which otherwise exhibited very similar degradation tem-
peratures. This lower stability of the fructose moiety is probably responsible for the
relatively early onset of decomposition and low peak temperature of 215° for the
oligosaccharides sucrose, lactulose and raffinose, which all have a 1 = 2—linked ter-
minal fructose unit. Turanose and melezitose however were again slightly more stable,
probably because of the 1 > 3—linkage between glucose and fructose. 8-1 - 4—linked
disaccharides seem to be slightly more stable than a-1.4 or a-1.6 linked, the a-1.1
linked trehalose being in-between. These observations partially disagree with the
findings of Pavlath and Gregorski [21]. However, such structural considerations can-
not have a definitive value in view of the small number of samples with similar struc-
ture. Unfortunately, planteose and plantebiose were not available for study, whereas
gentianose has a melting point of 211°, which would cause serious distortion of its
exothermic peak. Already for sucrose the determined onset temperature is 20° above
the expected 170°, when compared to raffinose and lactulose, since melting endo-
therm and decomposition exotherm were slightly overlapping. Accordingly, onset
temperature and reaction enthalpies of sucrose and especially of cellobiose (cf. Fig. 1)
must be considered as rough estimates.

The reaction enthalpies associated to the decomposition of sugars were in general
between 600 and 800 Jg—'. Exceptionally low enthalpies were found for rhamnose,

7 J. Thermal Anal. 28, 1983



o8 RAEMY, SCHWEIZER: THERMAL BEHAVIOUR OF CARBOHYDRATES

Table 1 Exothermic reaction temperatures and enthalpies of selected carbohydrates

Onset temp., Peak temp., Enthalpy,
Sample °c °c Jg—1
Mongosaccharides
D-Arabinose 190 225 740
D-Xylose 195 225 620
D-Ribose 190 220 780
a-D-Glucose * H,0 185 230 630
o-D-Glucose 200 230 700
B-D-Glucose 200 235 710
D-Galactose 200 230 700
D-Fructose 170 195 700
L-Sarbose 175 195 700
L-Rhamnose » H20 195 225 420
L-Fucose 175 225 560
D-Glucoheptose 198 220 660
D-Galacturonic acid * H,0 135 150 600
D-Glucuronic acid 1556 190 670
D-Glucurono-5-lactone 176 200 770
Disaccharides
a-Lactose « H,0 195 235 680
a-Lactose 220 235 700
B-Lactose 230 245 800
Maitose » H,0 190 220 750
Cellobiose 230 240 600
Melibiose « H20 185 225 780
Sucrose 190 215 770
Turanose 185 220 740
Trehalose » 2 H,0 215 235 710
Lactulose 170 216 370
Maltitol 215 240 320
tsomaltitol 230 250 330
Oligosaccharides
Melezitose « 2 H,0 195 225 710
Raffinose * 5 H,0 175 215 670
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Table 1 (cont.)

Onset temp., Peak temp., Enthalpy,

Sample °c °c Jg— 1
Polysaccharides
Inulin 170 200 700
Pullulan 160 210 700
Maltodextrin MDO1 180 225 720
Maitodextrin MD33 180 220 720
Amylose 180 225 690
Amylopectin 200 230 630
Celiulose 220 245 650
Guar gum 130 210 680
Carob gum 125 205 680
«-Carrageenan 150 155 490
A-Carrageenan 175 180 440
x-Carrageenan 155 160 590
Agar (double peak) 140 170

190 205 740
Alginic acid 100 150 620
Polygalacturonic acid 130 170 540

Heat flow, J/s

Sucrose

1°C/min

Celiobiose
1 1
100 150 200 250

Temperature ,°C

Fig. 1 Calorimetric curves of galactose, sucrose and cellobiose (all three heated in sealed cells).
f: fusion, d: decomposition

7%
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Fig. 2 Calorimetric curves of kappa- and lambda-carrageenans (all three heated in sealed cells).
d: decomposition

lactulose, maltitol and isomaltitol. For the latter two substances, this can be easily
explained by assuming that only the non-hydrogenated half of the molecule decom-
posed after scission of the glycosidic bond. Hydrogenation of maltose retarded the
onset of decomposition by 25°. It is not fully clear if the determined enthalpies do
necessarily reflect the totality of exothermic reactions occurring in this temperature
range. Thus it has been shown by DTA combined with TG measurements that sucrose
[22] and xylose [7] shortly after melting undergo condensation reactions involving
loss of water and resulting in endotherms at about 210°.

Among the polysaccharides, inulin was less stable than all the glucans, when judging
from the peak temperatures. This is in agreement with the order of stability observed
in the corresponding monomers fructose and glucose. Within the glucans, the order of
stability was pullulan < maltodextrins = amylose < amylopectin < cellulose. For the
last three products this is in agreement with previous reports [3] and with the stability
of the building units maltose < cellobiose and probably also maltose < isomaltose con-
cluding from the order of stability of their hydrogenated analogues, i.e. maltitol < iso-
maltitol.

Among the other polysaccharides screened, all three types of carrageenans (iota,
lambda, kappa) showed extremely fast exothermic reactions, the leading edges of the
peaks being almost vertical (cf. Fig. 2}. lota- and kappa-carrageenan which contain
about 30% of 3.6-anhydrogalactose decomposed 20° earlier than lambda-carrageenan
which is. virtually devoid of such building units. In agreement with this interpretation
is the still earlier decomposition onset of agar, which contains about 50% of 3.6-
anhydrogalactose. The rather low enthalpies of reaction might be due to the high
sulfate ester content of these polysaccharides. Guar gum and carob gum showed near
identical calorimetric curves; the different substitution pattern of the mannan skeleton
by galactose units was thus not reflected by our measurements. The two polyuronides
included in this study, alginic acid and polygalacturonic acid, were among the least
stable, in agreement with the low stability of the uronic acids.

When comparing our values with those reported in the literature, where measure-
ments were performed in open cells under a stream of air or inert gas, it is obvious
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that the onsets of exothermic decomposition observed in our experimental conditions
(sealed cells) were considerably lower. Thus Morita, by DTA, found no exotherms for
starches, amylose or amylopectin before 375°, the early decomposition phenomena
under these conditions being characterized by endotherms [4]. Similarly, for cellulose,
the first exotherms have most often been reported to appear above 350°. The early
exotherms reported in the present study are associated with. considerable enthalpies
when considering: the small mass losses occurring at these temperatures. Thus, for
anhydrous glucose, we have recovered 88% of the sample weight at the end of an
experiment, although no more glucose could be detected. It is worth noting that after
heating D-glucose for 30 min to 175°, which is 10° below our onset temperature, the
residue contained still 81% of glucose and 96% of the original weight [1].

We found an excellent agreement between the exothermic decomposition phe-
nomena observed by heat flow calorimetry and the results of TG measurements. Thus,
for xylose, Shafizadeh [7] found weight loss started at about 195° with a first maxi-
mum in the rate of decomposition at 225°. These values correspond exactly to
our onset temperature and peak temperature respectively. Similarly, for cellulose,
Dollimore and Hoath [23, 24] showed that major mass losses began at 240°, which
corresponds to our peak temperature, more than 90% of the mass however being
retained at 300°.

Thus, it is obvious that calorimetric techniques, TG and evolved gas analysis are
complementary thermal analysis methods.

(b} Endothermic phenomena

The endothermic phenomena observed correspond to water loss and fusion. For
selected carbohydrates and for some sugar alcohols, onset temperatures, peak tem-
peratures, literature values of melting points and fusion enthalpies are given in Table 2.

With sugars containing crystallized water, three different types of behaviour could
be distinguished: melting appears before water vaporization {(e.g. for glucose mono-
hydrate as shown in Fig. 3, for rhamnose monohydrate and for melezitose dihydrate),

4
-
_g 1°C/min
B Exo
£ [a-D-Glucose H0 d
N~
Anh. o -D- Glucose
t
1 1 1
Y 100 150 200 250
Temperature ,x

Fig. 3 Calorimetric curves of anhydrous a-D-glucose and a-D-glucose monohydrate (both heated
in sealed cells). f: fusion, d: decomposition, w: water desorption
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Tahle 2 Fusion temperatures and enthalpies of selected sugars and sugar alcohols

Onset Extrapolated Peak Literature Enthal
Sample ?C ' onset, temperature, melting point, Reference, - ?y,
°c °C °c N°

Monosaccharides
L.-Arabinose 135 145 155 158—160 40 260
D-Xylose 135 140 1560 145 40 280
D-Ribose 60 75 90 87 40 150
a-D-Glucose » H,0 65 70 75 83 40 60
a-D-Glucose 135 140 160 146 40 180
B-D-Glucose 130 140 150 148—150 40 150
D-Galactose 140 155 165 167 40 280
D-Fructose 80 105 115 102-104 40 180
L-Sorbose 140 150 160 159—-161 40 250
L-Rhamnose « H,0 85 20 100 93-94 40 210
L.-Fucosa 115 125 130 145 40 190
D-Glucoheptose 130 170 180 193 41 270
D-Galacturonic acid » 80 100 105 110-115 40 70

H20 120 125 130 159—160 40 50
D-Glucuronic acid 120 130 140 156 40 280
D-Glucurono-5-lactone 136 150 165 163—-165 40 120
Disaccharides
o-Lactose 160 185 195 223 41 220
p-Lactose 195 210 220 229.5 25 250
Cellobiose 195 210 220 225 40 160
Sucrose 160 175 185 188 40 120
Turanose 145 165 165 167 40 150
Lactulose 130 145 155 1568 40 110
Oligosaccharides
Melezitose » 2 H,0 135 155 165 153-154 40 140
Raffinose * 5 H,0 70 80 85 77-78 40 150
Polyols
Meso-erythritol 95 1156 125 118=120 40 330
L-Arabinitol 75 20 105 101—-102 40 230
Xylitol 65 90 100 93—-94 40 250
Ribitol 85 100 110 102 40 250
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Table 2 {cont.}

Extrapolated Peak Literature
Onset,
Sample ?C onset, temperature, melting point, Reference, Eth half V.
°c °c °c N° 9
D-Glucitol {Sorbitol) 60 85 95 97 " 42 150
D-Mannitol 140 155 170 166 40 290
Galactitot (Dulcitol) 130 175 190 186187 40 330
Maltitol 115 140 150 146—147 43 150
Isomaittitol 150 160 176 - - 180
Cyvclitol
Myo-inositol 200 215 230 225227 40 260
Polysaccharide
Inulin 140 145 150 178 41 40

melting appears after water vaporization {e.g. for lactose monohydrate), the sugar
meits as hydrate (e.g. for raffinose pentahydrate). In the second case, the fusion peaks
were distorted because of the use of sealed cells. These data were not included in
Table 2. In the last case, only one endothermic peak was observed in the calorimetric
curves.

It is worth noting, that the observed fusion temperatures of sugars do not always
correspond to the traditionally accepted melting points such as in the case of $-lactose
[25], and it seems that for organic compounds in general, more objective values should
be abtained by calorimetric techniques than by the standard optical methods [26, 27].
The great differences between onset, extrapolated onset and peak temperatures
{cf. Table 2) are certainly due to the large sample amount used [26] in our study
and to the relatively weak thermal conductivity of such powders. It is however obvious
that, in some cases, low melting temperatures could also be due to insufficient sample
purity.

In general, the surface of the endotherms in the calorimetric curves should corre-
spond to the fusion enthalpy of the compound. As already mentioned for the exo-
thermic reaction enthalpies, problems arise in quantifying when endothermic and
exothermic peaks are poorly resolved. In addition, reducing sugars anomerize during
fusion [2], but the thermal contribution of the anomerization is unknown. Such
difficulties do not exist for sugar alcohols as shown in Fig. 4, which presents the
calorimetric curves of one sugar alcohol (xylitol} and of the cyclitol myo-inositol:
both exhibit only an endothermic peak due to melting and do not anomerize.

The fusion enthalpy {(AHy) values determined for a-glucose, mesoerythritol, xylitol,
mannitol and maltitol correspond to the literature data. Curiously, however, a great
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F}xa Myo-inositot

1°C/min

Xytitol

Heat flow, J/s

1 | |
100 150 200 250
Temperature ,°C

Fig. 4 Calorimetric curves of xylitol and myo-inositol {(both heated in sealed cells). f: fusion

discrepancy appears for sucrose between AHs of 66 Jg—1! indicated by Kohlrausch
[28] and our value of 120 Jg—1. We have however consistently found this higher value,
when measuring sucrose samples from different sources. In other cases, the enthalpy
values listed in Table 2 are higher than those found in the literature [17, 25, 29].
This may be due to the low heating rate chosen here and to the better base line ob-
tained with modern instruments. These reasons may, for example, explain the differ-
ences found for the fusion enthalpy of B-lactose: 203 Jg—1 by Berlin [15], 229 Jg—1
by Ross [17] and 250 Jg—1 in the present work.

(c) Crystallization

Amorphous sugars may crystallize when heated [15, 16, 30] and a corresponding
exothermic peak is found in the calorimetric curves often between 50° and 130°.
Figure 5 shows the calorimetric curves of amorphous sucrose and cellobiose with the
corresponding crystallization peaks. The interest of this calorimetric information is
explained in more detail for the case of lactose.

Heat flow, J/s

100 150 200 250
Temperature ,°C

Fig. 5 Calorimetric curves of amorphous sucrose and cellobiose (both heated in sealed celis).
f: fusion, d: decomposition, c: crystallization
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L — | Amorphous f-lactose
- f
i | L L
50 100 150 200 250

Temperature °C

Fig. 6 Calorimetric curves of amorphous a- and g-lactose {both heated in sealed celis). f: fusion,
d: decomposition, c: crystallization

Lactose exists in two amorphous (& or ) and in three crystalline states (anhydrous
o or B, hydrated ). In dry milk products, depending on the processing or storage
conditions, all these states of lactose may be present and can affect the homogeneity
and solubility of dairy products [18, 31].

The thermal behaviour of amorphous «- and S-lactose is shown in Fig. 6. Both
anomers partially crystallized, under retention of their anomeric state. This was
concluded from the ratios of the anomers obtained by GC after interrupting the
heating cycle just after the crystallization exotherm. The temperature range of the
crystallization peaks for a- and f-lactose were clearly distinct: this also allowed the
characterization of the anomeric state of the lactose sample. However, a sample
of amorphous lactose containing both anomers in the ratio a:f=1:1.5 failed to
crystallize and consequently showed no fusion either.

In principle, the proportion of crystallized lactose in a sample is given by:

AH; 100

where AHy, and AHg, are the measured enthalpies of fusion and crystallization,
respectively, and AHf the heat of fusion of an entirely crystalline sample. Corre-
spondingly, the part of lactose crystallized during heating would be

AHcp
AH¢

The literature concerning thermal behaviour of the different forms of lactose and
its interpretation is controversial [14, 15, 17, 32]. Our observations on the behaviour
of amorphous lactoses demonstrate that it is necessary to make sure that all lactose
in milk powders is crystalline before attempting to determine the amounts of a- and
B-lactose from their respective fusion enthalpies according to the method of Ross {17].

100
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For a-lactose hydrate it is certain, as shown by Berlin [15], that the calorimetric curves
can be perturbed after water desorption by undesired secondary phenomena such as
water adsorption or sample dissolution. Because of the working conditions chosen in

the present work, a more precise comparison with the literature concerning lactose
~ characterization is difficuit.

Conclusion

This study has shown that heat flow calorimetry can bring important contributions
in characterizing the thermal behaviour of carbohydrates, when the samples are heated
in sealed cells. In particular, the measurements of the early decomposition reactions
should help in defining the role of carbohydrates in self-heating and thermal ex-
plosions of foodstuffs. The study of crystallization, water desorption and fusion of
carbohydrates wiil, no doubt, become increasingly important for controlling physico-
chemical properties of foods, e.g. in relation with texture, storage stability, solubility
characteristics and even flavour retention. By using new methods and techniques of
thermal analysis [33—38] more complementary information will be obtained.

Part of this work has already been presented in a premilinary form [39].

* % %

The authors greatly acknowledge many discussions with P. Wiirsch, R. F. Hurrell and J. Léliger
and the technical assistance of F. Michel, Ph. Roulet and S, Reimann.

References

1 Y. Houminer and S. Patai, israel J. Chem., 6 D. F. Arsenau, Can. J. Chem., 49 (1971}

7 (1969) 513. 632.
2 Y. Houminer, in G. G. Birch and L. F. 7 F. Shafizadeh, J. Polymer Sci., C 36 {1971}
Green, Molecular Structure and Function 21.
of Food Carbohydrate, Applied Science 8 R. L. Hebert, M. Tryon and W. K. Wilson,
Publishers Ltd, London, 1973, p. 133. Tappi, 52 (1969) 1183.
3 C. T. Greenwood, in M. L. Wolfrom and 9 F. Shafizadeh and G. D. McGinnis, Carboh.
R. S. Tipson, Advances in Carbohydrate Res., 16 (1971) 273.
Chemistry, Academic Press, New York, 22 10 A. Raemy, Thermochim. Acta, 43 (1981)
(1967) 483, 220.°
4 H. Morita, Anal. Chem., 28 (1956) 64. 11 A. Raemy and J. Léliger, Cereal Chem., 59
5 F. Shafizadeh, in M. L. Wolfrom and 11982) 189.
R. S. Tipson, Advances in Carbohydrate 12 A. Raemy and P. Lambelet, J. Fd Technol.,
Chemistry, Academic Press, New York, 23 17 (1982) 451.
(1968), 419; F. Shafizadeh, K. V. Sarkanen, 3 A. Raemy, R. F. Hurrell and J. Léliger,
D. A. Tillman, Thermal Uses and Properties Thermochim. Acta, 65 (1983) 81.
of Carbohydrates and Lignins. Academic 14 T. Itoh, M. Satoh and S. Adachi, J. Dairy
Press, New York, 1976. Sci., 60 {1977) 1230.

J. Thermal Anal. 28, 1983



15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

RAEMY, SCHWEIZER: THERMAL BEHAVIOUR OF CARBOHYDRATES

£. Berlin, P. G. Kliman, B. A. Anderson
and M. J. Pallansch, Thermochim. Acta, 2
(1971) 143. ‘
E. C. To and J. M, Flink, J. Food Technol.,
13 (1978) 551.

K. D. Ross, J. Dairy Sci., 61 (1978) 255;
K. D. Ross, J. Dairy Sci., 61 {1978) 152.
K. Roetman, Neth. Milk Dairy J., 35
(1981) 1.

P. Wiirsch, B. Koellreuter, J. Rosset, A.
Raemy and A. Klein, manuscript in pre-
paration.

C. C. Sweeley, R. Bentley, M. Makita and
W. W, Wells, J. Am. Chem. Soc., 85 (1963)
2497,

A. E. Pavlath and K. S. Gregorski, Proc.
2nd European Symposium on Thermal
Analysis, Heyden, London, 1981, 251,

G. N. Richards and F. Shafizadeh, 11th
Int. Symp. on Carbohydrate Chemistry,
London, 1978, abstract.

D. Dollimore and J. M. Hoath, Thermo-
chim. Acta, 45 {1981} 87.

D. Dollimore and J. M. Hoath, Thermo-
chim. Acta, 45 (1981) 103.

T. Itoh, M. Katoh and S. Adachi, J. Dairy
Res., 45 (1978) 363.

A. Burger, Pharmazie in unserer Zeit, 6
(1982) 177.

A. Burger, R. Ramberger, Mikrochim. Acta,
2 (1979) 273.

F. Kohlrausch, Praktische Physik, Band 2,
B. G. Teubner Verlagsgesslischaft, Stuttgart,
1962.

B. V. Kokta, P. Luner, K. N. Law, J. L.
Valade and V. Hornof, Bull. Soc. Chim. Fr.,
3—4 (1978) 135.

J. Chevalley, W. Rostagno, R. H. Egli,
Revue Internationale de la Chocolateris,
Vol. XXV, 1 (1970) 3.

31

32

33

35

36

37

39

1

42

43

107

B. H. Webb, Fundamentals of Dairy Chem-
istry, The AVI Publishing Co. Inc., West-
port, 1980.

F. Fernandez-Martin, F. Morais and A.
Olano, in Proc. of 8th European Food
Symposium on Food Process Engineering,
Applied Science Publishers, London, 1979,
p. 523.

D. Davies, A. R. Horrocks and M.
Greenhalgh, Proceedings of the Second
European Symposium on Thermal Analysis,
Heyden, London, 1981, p. 588,

E. L. Charsley, C. T. Cox, M. R. Ottawa,
T. J. Barton and J. M. Jenkins, Proc. of
the Second European Symposium on
Thermal Analysis, Heyden, London, 1981,
p. 593.

L. Hub, Instit. Chem. Eng. Symposium,
Series N° 68, 3.

D. I. Townsend and J. C. Tou, Thermo-
chim. Acta, 37 {1980) 1.

K. Rajeshwar, R. Rosenwold and J. DuBow,
Nature, 301 {1983} 48.

G. Wells, J. H. Futrell and K. J. Voorhees,
Rev. Sci. Instrum., 52/5 (1981) 735,

A. Raemy and T. Schweizer, Proc. of the
Journées de Genéve, Calorimétrie et Ana-
lyse Thermique, 29-30 March 1982,
Vol. XHt, p. til, 11.70.

G. D. Fassman, Handbook of Biochemistry
and Molecular Biology, 3rd Edition, CRC
Press, Cleveland, U.S.A., 1975.

R. C. Weast, Handbook of Chemistry and
Physics, 60th Edition, CRC Press, West
Palm Beach, U.S.A., 1981.

W. Pigman and D. Horton, The Carbo-
hydrates, Vol. 1l A, 2nd Edition, Academic
Press, New York, 1972.

S. Ohno, M. Hirao and M. Kido, Carboh.
Research, 108 (1982) 163.

Zusammenfassung — Die Technik der Warmeleitungs-Kalorimetrie wurde zur Untersuchung des
thermischen Verhaltens von verschiedenen Kohlenhydraten zwischen 20°C und 270°C eingesetzt.
Die Muster wurden in dicht verschlossenen Kapseln erhitzt. Der Temperaturbereich, in welchem
exotherme Reaktionen infolge thermischer Zersetzung abliefen, anderte sich stark in Abhangigkeit
vom untersuchten Kohlenhydrattyp. Reaktionsenthalpien von 44 Zuckern und Polysacchariden
wurden ermittelt. Endotherme Phanomene, wie das Schmelzen oder das Verdampfen von Kristali-
wasser wurden auch beobachtet. Schmelztemperaturen und Schmelzenthalpien von 34 Zuckern
und Zuckeralkoholen sind tabelliert. Kalorimetrische Daten der Kristallisation amorpher

Saccharose, Cellobiose und Lactose werden diskutiert.
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Pesiome — MeToa KanopuMeTpuu TennoBoOro NOTOKA 6bin UCTIONL30BAH ANR U3YUYEHUA TEPMUYEC-
KOro NOBEAGHWA PasnuuHLIX yrnesosos mexay 20 n 270 °C. O6pasubi aHanM3upoBanuch Harpe-
BOM B 3aKpblThiX AYeltKax. BcneacTBUMM TepMUYECKOTO PasnoxeHns, MHTEPBan TeMnepaTyp 3Kco-
TEPMUYECKUX PEaKUMI USMEHANCA B LWMPOKKX NpeAenax B 3aBUCMMOCTM OT TUNA NCCAEAYEMOTO
yrnesosa. MpusepeHbl 3HTanenuu peakuui anA 44 caxapoB u nonucaxapugos. Ha6nioaanuck
Takue 3HAOTEPMUYECKUE ABNEHUAR, KaK NNaBneHue unu ucnapexvie KpUCTannm3aunmoHHON BOAbI.
MNpuBeaeHsl TeMnepaTypbt AAABAEHUA U 3HTanNbNUM AnA 34 CaxapoB U MHOTOaTOMHbLIX CHIMPTOB.
MNpeacTasneHs! KanoOpUMETPUYECKME KpPWUBbLIE, MOKasbiBAOIWME KPUCTANNN3aunio amopdHON
caxapo3bl, Lenno6rossl U NAaKTO3bI.
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