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Aim. To determine the quality of diterpene glycoside powders, produced in Ukraine using the stevia leaves of 
plants of domestic and foreign origin. Methods. Differential scanning calorimetry and thermographic analy-
sis. Results. It was demonstrated that the increase in the production of powders of diterpene glycosides in the 
world results in stepping up the requirements to the selection material of stevia and the quality of powders, 
obtained from its leaves as a  nal product. The quality of diterpene glycoside powders, produced in Ukraine us-
ing the stevia leaves of plants of domestic and foreign origin, was investigated. Conclusions. It was determined 
that special attention in the analysis of the powder samples of diterpene glycosides should be paid to the sample 
preparation: increased humidity of the sample promotes a weakening of carbohydrate bonds and rapid decline 
in their quality. Differential scanning calorimetry allows determining the content of additives, the degree of 
moisture saturation, and may further be used in the screening of selection samples and forecasting the shelf life 
of powders of diterpene glycosides.
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INTRODUCTION
The diterpene glycoside substances (DGS), obtained 

from stevia leaves (Stev a rebaud ana Berton ), are 
of the highest value in the production of low-calorie 
products. The increase in the rate of obtaining diter-
pene  glycosides started in 2008 when Food and Drug 
Administration (USA) gave the status GRAS18 to re-
baudioside  (Rebaudioside A, Reb-A) [1 3]. Regard-
less of the forecast increase in the demand for stevia 
processing products from 4.67 thousand tons (with the 
estimated value of USD 336 million) in 2014 to 7.15 
thousand tons (for the total amount of USD 578 mil-
lion) and its strategic relevance, the main problem is in-
suf  cient provision of the procession enterprises with 
leaves as high quality raw material. This fact promotes 
the development of studies on stevia breeding for the 
increased content of some speci  c diterpene glycoside 

and determining the quality of leaves. The comprehen-
sive characterization of the quality of leaves with the 
consideration of physical, chemical, and structural-me-
chanic indices is used to determine the biological activ-
ity of some isomers. There are a number of methods, 
revealing the properties of polysaccharide constituents 
[4, 5], including the thermographic analysis [6–8], and 
differential scanning calorimetry (DSC) [8]. The DSC 
method is more sensitive, thus, it is used to obtain high-
quality genetic material [9], to determine the pharma-
cokinetic speci  cities of medical preparations [10], 
structural-functional characteristics of  bers [11], or-
ganic and inorganic substances [12, 13], tropic oils, etc. 

MATERIALS AND METHODS

DGS powders, obtained from dried stevia leaves in 
the industrial conditions of a processing enterprise, 
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were studied (Kharkiv). Chemically pure samples of 
diterpene glycosides were used as controls (standard 
samples). 

The structural changes in DGS were studied using the 
differential scanning calorimeter QDSC-20 Thermo 
Fisher SCIENTIFIC (Intertech Corporation, USA), in 
accordance with the common method of thermograph-
ic analysis [10], adjusted to DGS [14]. The investigat-
ed samples were heated with the interval of 2 °  per 
1 min, starting with the room temperature of 19 ° . 
The results obtained were calculated using STARe 
software. 

RESULTS AND DISCUSSION

DGSs are organic substances, containing a carbohy-
drate (glycon) and non-carbohydrate (aglycon) parts. 
The glycon part contains rhamnose, glucose, fructose, 
xylose, arabinose, etc., the aglycon part contains ste-
rol, tannin, carotinoid, etc. [15]. Stevioside and rebau-
dioside A are the most common in the production of 
DGS powders of different puri  cation degree [16]. The 
authors of [17, 18] established that stevioside is stable 
at the temperature of 45–140 °  and gradually decom-
poses (to 95 %) at the temperature of 140 200 ° . Here 
rebaudioside A is more stable to the effect of high tem-
peratures (melting temperature of 242 244 ° ). Other 
DGSs, present in stevia leaves in a considerably small-
er amount, compared to stevioside or rebaudioside A, 
also have high resistance to high temperatures: rebau-
dioside  – 193 195 ° , rebaudioside  – 235 238 ° , 
dulcoside  – 283 286 °  [19, 20].

The study of the DGS standard sample is presented 
in Fig. 1. According to the character of received endo-
peaks on the thermogram curve, this process may be 
conditionally divided into two stages: 

– preliminary drying: extraction of hygroscopic and 
bound water (46 168 ° );

– melting: partial (that of glucose radicals of steviol-
glycoside) at the temperatures of 176 188.5 ° , and 
complete (that of stevioside and rebaudioside , as 
well as the prevailing number of rebaudiosides  and 

) at the temperatures of 205 225 ° .
An insigni  cant deviation of the curve at the temper-

ature of 60 °  demonstrates the presence of additives 
(up to 5 %) in the sample. The weight of the standard 
sample decreased by 79.4 %, 60 % of which was lost 
at the  rst stage.

The activation energy, calculated according to the 
method of A. Broido, is expressed by the difference 
of energies of the transitory and initial stages of the 
melting reaction [20]. The value of the energy of the 
standard activation is at the level of 29.4 kilojoule/
mol, which demonstrates structural homogeneity 
and low content of additives. The decrease in the 
activation energy after the second peak testi  es to 
the increase in the share of additives, which may be 
presented by the melting products of glucose radi-
cals. The enthalpy value at the beginning of the heat-
ing process is high (191.3 joule/g) which shows the 
stability of DGS at the temperatures of 60 168 ° . 
After extracting free and bound moisture from the 

Fig. 1. The curve of DSC of diterpene glycosides (standard sample) 
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standard sample the enthalpy value decreases down 
to 1.255 joule/g, which demonstrates the decrease in 
the DGS stability level to the effect of higher tem-
peratures and leads to gradual melting of glucose 
radicals of steviol-glycoside.

The ef  ciency of using the method for DGS may be 
estimated by the results of the analysis of samples from 
different batches. There was a study of industrial sam-
ples of DGS powders, obtained in the industrial condi-
tions from the plant leaves of different origin:

– imported from Paraguay: sample   25 250 °  
(Fig. 2) and sample I   25 100 °  (Fig. 3);

– domestic samples: sample III (Fig. 4)  25 140 °  
and sample IV (Fig. 5) – 25 100 ° . 

The analysis of Fig. 2–5 shows that the endopeaks, 
remarkable for temperatures of 69 95 ° , demonstrate 
the decomposition of coloring agents and the extrac-
tion of hygroscopic water. At the temperature of 136 °
(Fig. 2 and 4) there is the complete extraction of the 
bound water. The incongruent character of the curves 

Fig. 2. The curve of DSC of diterpene glycosides (sample I)

Fig. 3. The curve of DSC of diterpene glycosides (sample II)
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Fig. 4. The curve of DSC of diterpene glycosides (sample III)

Fig. 5. The curve of DSC of diterpene glycosides (sample IV)

Thermal analysis of diterpene glycosides

N Interval of 
effect, °

Peak, 
ºC

Activation energy, 
kilojoule/mol

S I II III IV S I II III IV

1

2

3

40 70

70–100

100 110

110 170

175 195

205 230

115.49

180.43

212.99

69.65

89

136.73

182.82

68.19

78.43

46.47

86.08

103.3

135.37

87.44

29.4

21.2

9.4

21.2

9.41

18.1

43.1

16.95

8.04

43.1

17.7

14.3

13.8

15.5
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of samples I (Fig. 2) and  (Fig. 3) testi  es to a high 
content of additives, the saturation with hygroscopic 
water, and the increased content of coloring agents. 

The endopeak at the temperature of 182 °  (Fig. 2 
and 4) illustrates the melting of glucose radicals and 
characterizes the degree of DGS melting. The 1.36 °  
difference in the temperature for thermogram curves 
(Fig. 4 and 5) is explained by the difference between 
the weight of samples III (6.3 mg) and IV (12.5 mg), 
taken for the analysis. The increase in the weight by 
0.44 mg increases the temperature of moisture extrac-
tion by 0.1 degree.

The character of thermogram curves allows for the 
assumption that samples III and IV are of higher purity 
degree. The endopeak at the temperature of 46 °  (Fig. 
4) which is absent on the thermogram curve (Fig. 5), 
testi  es to the saturation of the air of the sample, taken 
for the analysis, with moisture. 

The processes, occurring in DGS samples during 
heating, are subject to Lavoisier-Laplace’s law, accord-
ing to which the decomposition of a complex compound 
into simple ones is accompanied with the absorption 
of the same amount of energy, which is consumed for 
the formation of the similar compound. The analysis of 
the investigated DGS samples by the thermal indices is 
presented in the table, which indicates that the higher 
purity degree is attributed to the sample, the fewer en-
dopeaks will be on the DSC curve.

The weight of batches of the investigated samples is 
mostly decreasing at the beginning of the heating pro-
cess to 100 ° , the loss is 58.2 %, which demonstrates 
high hygroscopy of samples. The same is proven by 

low values of activation energy of all the samples of 
DGS powders (not exceeding 43 kilojoule/mol). It is 
noteworthy that excessive moisturizing of DGS pow-
ders, such as sample I, leads to the weakening of car-
bohydrate bonds and accelerates the melting of glyco-
sides. This fact proves the necessity of keeping to the 
norm value of the weight fraction of moisture in DGS 
powders of different degree of purity while packing, 
storing, and using them.

CONCLUSIONS

The investigations prove the ef  ciency of the DSC 
method to determine the quality of DGS powders. 
The impact of “accidental moisturizing” of a sample 
of DGS powder on its quality was demonstrated that 
will allow forecasting its shelf life in future. It was 
established that the increase in the temperature leads 
to the decrease in the process activation energy, espe-
cially in the samples with excessive moisture. It results 
in weakening the carbohydrate bonds and accelerating 
the melting process of glucose radicals. Therefore, the 
methods of differential scanning calorimetry may be 
promising in quality estimation and quantitative deter-
mination of thermal degradation of DGS.
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S I II III IV

191.3

1.255
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3.177
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0.53
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2.954

11.36
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