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 In production of soft capsules, natural and semi-synthetic vegetative analogues for 

pharmaceutical gelatin are used. This work is devoted to defining elemental 

composition of vegetative analogs for pharmaceutical gelatin using the electron probe 

microanalysis method. The electron probe microanalysis is one of the most popular 

methods of quantitative and semi-quantitative nondestructive elemental analysis. 
Spectrometric profiles are described for defining the composition of 

carboxymethylcellulose CMC Akutsel 3265; cognac gum; pectin ARA 105; sodium 

alginate NO4-600. According to the results of spectrophotometric profile analysis, mass 
fraction of chemical elements (oxygen, nitrogen, carbon, sodium, chlorine) was 

estimated. 
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INTRODUCTION 

 

 In production of soft capsules, natural and semi-synthetic vegetative analogues for pharmaceutical gelatin 

are used. Natural vegetative analogs include vegetable gums and mucus secreted from seeds of flax and quince, 

algaroba, astragalus, babul; agar, agaroid, pectin, gelatin, sodium alginate. Semi-synthetic analogues are 

derivatives of natural substances with physicochemical properties modified in the desired way by introducing 

specific functional groups: carboxymethylcellulose, methylcellulose, amylopectin, ethylcellulose, modified 

starches [2, 3]. 

 Pharmaceutical analogs for vegetative gelatin differ in elemental composition, which can be determined 

using the electron probe microanalysis [4]. The electron probe microanalysis is one of the most popular methods 

of quantitative and semi-quantitative nondestructive elemental analysis [5, 6]. The method consists of recording 

characteristical X-ray radiation emitted by an ionized atom. The emergence of a series of X-rays photons with 

similar energies is explained as follows. An accelerated electron knocks out the electron bound by the atom from 

bottom electron levels, and electrons from higher levels get in place of the knocked out electron. [7] The ionized 

atom remains in excited state about 10 to 14 seconds. As the nucleus charge and the number of electrons 

increases, the atom obtains new electron levels [8, 9]. So, the only electron in hydrogen is located at the K level, 

starting with lithium, L-level appears, in potassium level M starts to be filled, N-level is fully filled in lutetium, 

and O- and P-levels are not completely filled in either elements of the Mendeleev periodic system [10, 11].  

 The ratio of X-rays with various energies is determined by the probabilistic characteristics of an electron 

transferring to appropriate levels [11]. 

 

Methods: 

 As vegetative analogues to pharmaceutical gelatin, carboxymethylcellulose CMC Akutsel 3265; cognac 

gum; pectin ARA 105 and sodium alginate NO4-600 were used. 

 In order to investigate the composition of vegetative analogs of pharmaceutical gelatin, the analyzing 

station JEOL JED-2300 was used for electron probe microanalysis on order to obtain spectrometric profiles that 

make it possible to determine the chemical composition of vegetative analogs for pharmaceutical gelatin. 

  

Main part: 

 Fig. 1 shows the spectrometric profile of CMC Akutsel 3265 composition. The obtained profile contains 

three distinguished peaks that correspond to carbon, oxygen and nitrogen, and two flat sections that correspond 
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to nitrogen and chlorine. Table 1 shows component composition of CMC Akutsel 3265. 

 

 
Fig. 1: Spectrometric profile of CMC Akutsel 3265 composition. 

 

 These results show that oxygen is prevailing in CMC Akutsel 3265 (42.78 %). Chlorine is characterized by 

the least content (0.07 %).  

 
Table 1: Component composition of CMC Akutsel 3265. 

Element Relative weight, % 

Carbon 31.15±0.93 

Nitrogen 21.90±0.65 

Oxygen 42.78±1.28 

Sodium 4.01±0.12 

Chlorine 0.07±0.002 

 

 Fig. 2 shows the spectrometric profile of cognac gum, component composition is shown in Table 2. 

 

 
Fig. 2: Spectrometric profile of cognac gum component composition. 

 
Table 2: Cognac gum component composition. 

Element Relative weight, % 

Carbon 29.79±0.89 

Nitrogen 22.29±0.67 

Oxygen 47.73±1.43 

Potassium 0.17±0.005 

Sodium 0.02±0.001 

 

 Cognac gum contains elements such as carbon, nitrogen, oxygen, potassium and sodium. Carbon and 

oxygen contents are similar to those in CMC 3265 Akutsel. Cognac gum differs from the previously discussed 
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structure stabilizers by presence of potassium and absence of sodium.  

 Fig. 3 shows the spectrometric profile of pectin ARA 105 composition. The obtained profile contains three 

peaks that correspond to carbon, oxygen and sodium, and a flat section that corresponds to nitrogen. 

 Component composition of pectin ARA 105 is shown in Table 3. Content of carbon and nitrogen is almost 

the same as that in cognac gum. Pectin APA 105, same as carboxymethylcellulose, contains sodium and 

chlorine in amounts of 3.28 and 0.12 %, respectively. 

 

 
Fig. 3: Spectrometric profile of pectin ARA 105 component composition. 

 
Table 3: Component composition of pectin ARA 105 

Element Relative weight, % 

Carbon 29.04±0.87 

Nitrogen 22.70±0.69 

Oxygen 44.86±1.34 

Sodium 3.28±0.10 

Chlorine 0.12±0.004 

 

 Fig. 4 shows the spectrometric profile of sodium alginate NO4-600 component composition.  

 Component composition of sodium alginate NO4-600 is shown in Table 4. Obtained data show that the 

distinguishing feature of sodium alginate NO4-600 compared to previously considered structure stabilizers is the 

presence of calcium and the absence of nitrogen. In sodium alginate NO4-600, oxygen is prevailing (52.91 %). 

Chlorine is characterized by the least content (0.19 %). 

 

 
Fig. 4: Spectrometric profile of sodium alginate NO4-600 component composition. 

 
Table 4: Sodium alginate NO4-600 component composition 

Element Relative weight, % 

Carbon 37.37±1.12 

Oxygen 52.91±1.58 

Sodium 9.26±0.28 

Chlorine 0.19±0.006 

Calcium 0.27±0.01 
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Conclusions: 

 Structure of cognac gum is shown as crystal-like granules of irregular shape with size of10-300 and 5-250 

µm, respectively.  

 Size of pectin ARA 105 and sodium alginate NO4-600 elements is 20 to 250 µm. Their structure is similar 

to that of cognac gum. 
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