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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 analysis. 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 using 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

and determining the quality of leaves. The comprehensive characterization of the quality of leaves with the
consideration of physical, chemical, and structural-mechanic indices is used to determine the biological activity 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 highquality genetic material [9], to determine the pharmacokinetic speci¿cities of medical preparations [10],
structural-functional characteristics of ¿bers [11], organic and inorganic substances [12, 13], tropic oils, etc.

The diterpene glycoside substances (DGS), obtained
from stevia leaves (Stevɿa rebaudɿana Bertonɿ), are
of the highest value in the production of low-calorie
products. The increase in the rate of obtaining diterpene glycosides started in 2008 when Food and Drug
Administration (USA) gave the status GRAS18 to rebaudioside Ⱥ (Rebaudioside A, Reb-A) [1í3]. Regardless 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 million) and its strategic relevance, the main problem is insuf¿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

DGS powders, obtained from dried stevia leaves in
the industrial conditions of a processing enterprise,
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Fig. 1. The curve of DSC of diterpene glycosides (standard sample)

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 thermographic analysis [10], adjusted to DGS [14]. The investigated samples were heated with the interval of 2 °ɋ per
1 min, starting with the room temperature of 19 °ɋ.
The results obtained were calculated using STARe
software.
RESULTS AND DISCUSSION

The study of the DGS standard sample is presented
in Fig. 1. According to the character of received endopeaks on the thermogram curve, this process may be
conditionally divided into two stages:
– preliminary drying: extraction of hygroscopic and
bound water (46í168 °ɋ);
– melting: partial (that of glucose radicals of steviolglycoside) at the temperatures of 176í188.5 °ɋ, and
complete (that of stevioside and rebaudioside ȼ, as
well as the prevailing number of rebaudiosides Ⱥ and
ɋ) at the temperatures of 205í225 °ɋ.
An insigni¿cant deviation of the curve at the temperature of 60 °ɋ 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.

DGSs are organic substances, containing a carbohydrate (glycon) and non-carbohydrate (aglycon) parts.
The glycon part contains rhamnose, glucose, fructose,
xylose, arabinose, etc., the aglycon part contains sterol, tannin, carotinoid, etc. [15]. Stevioside and rebaudioside 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 °ɋ and gradually decomposes (to 95 %) at the temperature of 140í200 °ɋ. Here
rebaudioside A is more stable to the effect of high temperatures (melting temperature of 242í244 °ɋ). Other
DGSs, present in stevia leaves in a considerably smaller amount, compared to stevioside or rebaudioside A,
also have high resistance to high temperatures: rebaudioside ȼ – 193í195 °ɋ, rebaudioside ɋ – 235í238 °ɋ,
dulcoside Ⱥ – 283í286 °ɋ [19, 20].

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 radicals. The enthalpy value at the beginning of the heating process is high (191.3 joule/g) which shows the
stability of DGS at the temperatures of 60í168 °ɋ.
After extracting free and bound moisture from the

20

AGRICULTURAL SCIENCE AND PRACTICE Vol. 3 No. 2 2016

DETERMINING THE QUALITY OF DITERPENE GLYCOSIDES, OBTAINED FROM STEVIA LEAVES

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

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

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 temperatures and leads to gradual melting of glucose
radicals of steviol-glycoside.

– imported from Paraguay: sample ȱ í 25í250 °ɋ
(Fig. 2) and sample Iȱ í 25í100 °ɋ (Fig. 3);
– domestic samples: sample III (Fig. 4) í 25í140 °ɋ
and sample IV (Fig. 5) – 25í100 °ɋ.

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 samples of DGS powders, obtained in the industrial conditions from the plant leaves of different origin:

The analysis of Fig. 2–5 shows that the endopeaks,
remarkable for temperatures of 69í95 °ɋ, demonstrate
the decomposition of coloring agents and the extraction of hygroscopic water. At the temperature of 136 °ɋ
(Fig. 2 and 4) there is the complete extraction of the
bound water. The incongruent character of the curves
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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
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of samples I (Fig. 2) and ȱȱ (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 °ɋ (Fig. 2
and 4) illustrates the melting of glucose radicals and
characterizes the degree of DGS melting. The 1.36 °ɋ
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 extraction 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 °ɋ (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, according 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 endopeaks will be on the DSC curve.
The weight of batches of the investigated samples is
mostly decreasing at the beginning of the heating process to 100 °ɋ, the loss is 58.2 %, which demonstrates
high hygroscopy of samples. The same is proven by
Enthalpy,
joule/g
S
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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 powders, such as sample I, leads to the weakening of carbohydrate bonds and accelerates the melting of glycosides. 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, especially 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 determination of thermal degradation of DGS.
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ɨɥɿɣ ɬɚ ɠɢɪɿɜ ɇȺȺɇ
ɉɪɨɫɩ. Ⱦɡɸɛɢ, 2ɚ, ɏɚɪɤɿɜ, ɍɤɪɚʀɧɚ, 61019
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Ɇɟɬɚ. ȼɢɡɧɚɱɟɧɧɹ ɹɤɨɫɬɿ ɩɨɪɨɲɤɿɜ ɞɢɬɟɪɩɟɧɨɜɢɯ ɝɥɿɤɨɡɢɞɿɜ, ɜɢɪɨɛɥɟɧɢɯ ɜ ɍɤɪɚʀɧɿ ɡ ɥɢɫɬɤɿɜ ɫɬɟɜɿʀ ɜɿɬɱɢɡɧɹɧɨɝɨ ɬɚ ɿɧɨɡɟɦɧɨɝɨ ɩɨɯɨɞɠɟɧɧɹ. Ɇɟɬɨɞɢ. Ⱦɢɮɟɪɟɧɰɿɣɧɚ ɫɤɚɧɭɜɚɥɶɧɚ ɤɚɥɨɪɢɦɟɬɪɿɹ ɿ ɬɟɪɦɨɝɪɚɮɿɱɧɢɣ ɚɧɚɥɿɡ.
Ɋɟɡɭɥɶɬɚɬɢ. ɉɨɤɚɡɚɧɨ, ɳɨ ɿɡ ɡɪɨɫɬɚɧɧɹɦ ɜɢɪɨɛɧɢɰɬɜɚ
ɩɨɪɨɲɤɿɜ ɞɢɬɟɪɩɟɧɨɜɢɯ ɝɥɿɤɨɡɢɞɿɜ ɭ ɫɜɿɬɿ ɩɿɞɜɢɳɭɸɬɶɫɹ ɜɢɦɨɝɢ ɞɨ ɫɟɥɟɤɰɿɣɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɫɬɟɜɿʀ ɬɚ ɹɤɨɫɬɿ
ɩɨɪɨɲɤɿɜ, ɨɬɪɢɦɚɧɢɯ ɡ ʀʀ ɥɢɫɬɤɿɜ ɹɤ ɤɿɧɰɟɜɨʀ ɩɪɨɞɭɤɰɿʀ.
Ⱦɨɫɥɿɞɠɟɧɨ ɹɤɿɫɬɶ ɩɨɪɨɲɤɿɜ ɞɢɬɟɪɩɟɧɨɜɢɯ ɝɥɿɤɨɡɢɞɿɜ,
ɹɤɿ ɜɢɪɨɛɥɹɸɬɶɫɹ ɜ ɍɤɪɚʀɧɿ ɡ ɥɢɫɬɤɿɜ ɫɬɟɜɿʀ ɜɿɬɱɢɡɧɹɧɨɝɨ
ɬɚ ɿɧɨɡɟɦɧɨɝɨ ɩɨɯɨɞɠɟɧɧɹ. ȼɢɫɧɨɜɤɢ. ȼɫɬɚɧɨɜɥɟɧɨ, ɳɨ
ɩɿɞ ɱɚɫ ɚɧɚɥɿɡɭ ɡɪɚɡɤɿɜ ɩɨɪɨɲɤɿɜ ɞɢɬɟɪɩɟɧɨɜɢɯ ɝɥɿɤɨɡɢɞɿɜ ɨɫɨɛɥɢɜɭ ɭɜɚɝɭ ɧɟɨɛɯɿɞɧɨ ɩɪɢɞɿɥɹɬɢ ɩɿɞɝɨɬɨɜɰɿ ɡɪɚɡɤɚ: ɩɿɞɜɢɳɟɧɚ ɜɨɥɨɝɿɫɬɶ ɡɪɚɡɤɚ ɫɩɪɢɹɽ ɩɨɫɥɚɛɥɟɧɧɸ
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ɜɭɝɥɟɜɨɞɧɢɯ ɡɜ’ɹɡɤɿɜ ɬɚ ɲɜɢɞɤɨɦɭ ɩɨɝɿɪɲɟɧɧɸ ʀɯɧɶɨʀ
ɹɤɨɫɬɿ. Ⱦɢɮɟɪɟɧɰɿɣɧɚ ɫɤɚɧɭɜɚɥɶɧɚ ɤɚɥɨɪɢɦɟɬɪɿɹ ɞɨɡɜɨɥɹɽ ɜɢɡɧɚɱɚɬɢ ɜɦɿɫɬ ɞɨɦɿɲɨɤ, ɫɬɭɩɿɧɶ ɧɚɫɢɱɟɧɧɹ ɜɨɥɨɝɨɸ ɿ ɜ ɩɨɞɚɥɶɲɨɦɭ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɚ ɞɥɹ ɫɤɪɢɧɿɧɝɭ ɫɟɥɟɤɰɿɣɧɢɯ ɡɪɚɡɤɿɜ ɬɚ ɩɪɨɝɧɨɡɭɜɚɧɧɹ ɬɟɪɦɿɧɭ ɡɛɟɪɿɝɚɧɧɹ ɩɨɪɨɲɤɿɜ ɞɢɬɟɪɩɟɧɨɜɢɯ ɝɥɿɤɨɡɢɞɿɜ.
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɞɢɬɟɪɩɟɧɨɜɿ ɝɥɿɤɨɡɢɞɢ, ɬɟɦɩɟɪɚɬɭɪɚ,
ɜɨɥɨɝɿɫɬɶ, ɝɥɿɤɨɡɢɞɧɢɣ ɪɚɞɢɤɚɥ.
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ɍɤɪɚɢɧɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ
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ɉɪɨɫɩ. Ⱦɡɸɛɵ, 2ɚ, ɏɚɪɶɤɨɜ, ɍɤɪɚɢɧɚ, 61019
1

ɐɟɥɶ. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɚɱɟɫɬɜɚ ɩɨɪɨɲɤɨɜ ɞɢɬɟɪɩɟɧɨɜɵɯ
ɝɥɢɤɨɡɢɞɨɜ, ɩɪɨɢɡɜɟɞɟɧɧɵɯ ɜ ɍɤɪɚɢɧɟ ɢɡ ɥɢɫɬɶɟɜ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢ ɢɧɨɫɬɪɚɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. Ɇɟɬɨɞɵ.
Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɫɤɚɧɢɪɭɸɳɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ ɢ ɬɟɪɦɨɝɪɚɮɢɱɟɫɤɢɣ ɚɧɚɥɢɡ. Ɋɟɡɭɥɶɬɚɬɵ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɫ
ɪɨɫɬɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɪɨɲɤɨɜ ɞɢɬɟɪɩɟɧɨɜɵɯ ɝɥɢɤɨɡɢɞɨɜ ɜ ɦɢɪɟ ɩɨɜɵɲɚɸɬɫɹ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɟɥɟɤɰɢɨɧɧɨɦɭ
ɦɚɬɟɪɢɚɥɭ ɫɬɟɜɢɢ ɢ ɤɚɱɟɫɬɜɭ ɩɨɪɨɲɤɨɜ ɤɚɤ ɤɨɧɟɱɧɨɣ
ɩɪɨɞɭɤɰɢɢ. ɂɫɫɥɟɞɨɜɚɧɨ ɤɚɱɟɫɬɜɨ ɩɨɪɨɲɤɨɜ ɞɢɬɟɪɩɟɧɨɜɵɯ ɝɥɢɤɨɡɢɞɨɜ, ɩɪɨɢɡɜɨɞɢɦɵɯ ɜ ɍɤɪɚɢɧɟ ɢɡ ɥɢɫɬɶɟɜ
ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢ ɢɧɨɫɬɪɚɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ȼɵɜɨɞɵ.
ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɩɪɢ ɚɧɚɥɢɡɟ ɨɛɪɚɡɰɨɜ ɩɨɪɨɲɤɨɜ ɞɢɬɟɪɩɟɧɨɜɵɯ ɝɥɢɤɨɡɢɞɨɜ ɨɫɨɛɟɧɧɨɟ ɜɧɢɦɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɭɞɟɥɹɬɶ ɢɯ ɩɨɞɝɨɬɨɜɤɟ: ɩɨɜɵɲɟɧɧɚɹ ɜɥɚɠɧɨɫɬɶ ɫɩɨɫɨɛɫɬɜɭɟɬ ɨɫɥɚɛɥɟɧɢɸ ɭɝɥɟɜɨɞɧɵɯ ɫɜɹɡɟɣ ɢ ɛɵɫɬɪɨɦɭ
ɭɯɭɞɲɟɧɢɸ ɢɯ ɤɚɱɟɫɬɜɚ. Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɫɤɚɧɢɪɭɸɳɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɹɬɶ ɫɨɞɟɪɠɚɧɢɟ
ɩɪɢɦɟɫɟɣ, ɫɬɟɩɟɧɶ ɧɚɫɵɳɟɧɢɹ ɜɥɚɝɨɣ ɢ ɜ ɞɚɥɶɧɟɣɲɟɦ
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɫɤɪɢɧɢɧɝɚ ɫɟɥɟɤɰɢɨɧɧɵɯ
ɨɛɪɚɡɰɨɜ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ ɫɪɨɤɚ ɯɪɚɧɟɧɢɹ ɩɨɪɨɲɤɨɜ
ɞɢɬɟɪɩɟɧɨɜɵɯ ɝɥɢɤɨɡɢɞɨɜ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɢɬɟɪɩɟɧɨɜɵɟ ɝɥɢɤɨɡɢɞɵ, ɬɟɦɩɟɪɚɬɭɪɚ, ɜɥɚɠɧɨɫɬɶ, ɝɥɢɤɨɡɢɞɧɵɣ ɪɚɞɢɤɚɥ.
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