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Abstract: To develop production technology of capsules from vegetable analogues of pharmaceutical gelatin,
an integrated assessment of raw and other materials, contemplated for use, is a necessary step. This includes:
organoleptic characteristics, physical-chemical properties and safety indicators; stability analysis of raw
materials and components under various operating conditions (temperature, pH, etc.); specifics of rheological
properties of aqueous solutions of the components, because this parameter is determinative to produce
capsules with the uniform walls of a given thickness; analysis of the gel making conditions (pH, temperature,
concentration of the gell-forming agent, etc.); analysis of the gels drying conditions, as well as the structure
and properties of the resulting polymer films.
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INTRODUCTION Russian Federation has both sufficient crop areas, as well

 Market analysis of encapsulated drug products and listed above. In addition, the crisis  in  the  livestock
dietary supplements indicates the fact that the companies, sector, associated with the spread of infectious diseases
manufacturing capsules, are showing great interest in (swine flu and spongiform encephalitis of cattle stock)
finding alternatives to gelatin, traditionally used in the among food-producing animals, whose by-products are
area under consideration [1]. This trend is based on the used as raw materials to produce gelatin, is an additional
laws of global consumer market development: the factor that contributes to the relevance of research on the
economic viability due to cheaper raw materials, consumer development of vegetable polysaccharides compositions,
demand for encapsulated drug products and dietary which are alternative to gelatin in the manufacture of
supplements with various new characteristics that meet a capsules [5].
wide range of consumers, including   those  who do not The aim of this study was to describe
use animal products for religious and/or behavioral comprehensively the organoleptic, physical, chemical,
(vegetarians) reasons [2]. All the above factors cause the optical, rheological, structural and mechanical properties
urgency of developing the capsules production of raw materials and components for capsules
technology based on non-conventional raw materials that manufacture.
may include the compositions of phytogenic
hydrocolloids [3]. Techniques: Analysis of organoleptic, physical and

Analysis of the world literature shows that chemical properties of the studied samples of modified
alternatively, instead of using gelatin, the capsules may (S1, S2 and S4) and native (S3) cornstarch was carried out
be produced using various neutral and acidic vegetable in accordance with GOST 7698-93.
polysaccharides: modified and unmodified starches, Analysis of physical and chemical properties of
various gums and carrageenans, pectins and cellulose starch was performed as consistent with methods
derivatives, such as hydroxypropymethylcellulose and described in GOST 7698-93. The mass fraction of moisture
carboxymethylcellulose [4]. It should be noted that the was   determined   using a thermostat KS-65 and analytical

as a production base for the majority of the components
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balance ATL-220-d4- 1 (Acculab, USA) [6]. The mass The concentration of the active groups can be
fraction of total ash was determined using a muffle determined   by     the       analysis      of      titration
furnace PL 10/2.5 (Russia) and the analytical balance curves.   For    the    solution   of  any  compound,
ATL-220-d4-1 (Acculab, USA). To determine the mass provided that it is stable, the concentration of active
fraction of protein,  we  employed  analytical  balance groups within the studied pH range   will  be  transacted
ATL-220-d4-1 (Acculab, USA), digester D8 (Foss Tecator, by the projection of the endpoint on the x-axis. At that,
Sweden) and semi-automatic analyzer of nitrogen/protein the number of active groups should be directly
Kjeltec 8200 (Foss Tecator, Sweden). To monitor the proportional to the concentration of the solution
contaminations of other starches, we used a microscope component under test [11].
BA300 (Motic, Canada) [7].

Stability of various types of starch at different pH Main Part: As is obvious from   the  presented  data
values was determined as follows: certain amount of acid (Table 1), all the samples of cornstarches studied met the
was added to the solution of a substance and then - an requirements of the experiment on the mass fraction of
equivalent amount of alkali. If the pH of the final solution moisture (8.9-11.2%), mass fraction of protein on a dry
was the same as of the initial one, this indicates the basis (0.15-0.31%) and the number of specks per 1 dm  of
reversibility of the reaction. In other words, the substance starch flat surface. The presence of sulfur dioxide
under test is chemically inert within the investigated range (brimstone gas) was not detected in any of the starch
of pH values. If there were differences between the pH samples. This apparently indicates the  fact  that
values of the initial and final solutions,  this  indicates that brimstone gas was not used in the starch production
the substance was chemically changed during the processes. At microscopy, studied starch samples
experiment and hence was not stable within the exhibited a high uniformity. The size and shape of the
investigated range of pH. The use of such substance in starch granules corresponded to cornstarch that indicates
the industrial process under the conditions when it is the lack of impurities of other starches in samples
unstable, poses a number of difficulties [8]. composition.

The pH value of the solution was recorded in a  Based on the results of acidity  testing,  we found
continuous mode using pH-meter S20 (Mettler Toledo, that   among   the   studied   samples   of  cornstarches
Switzerland). During the measurement, the solution under only  samples   S3   (native   cornstarch)   and  S4 met all
test was continuously stirred vigorously using a magnetic the   requirements.  For all the samples of modified
stirrer (Biosan, MMS-3000). Hydrochloric acid was added starches (S1, S2 and S4), the mass fraction of total amount
by means of auto pipette, 1 ml in volume. The alkali of ash on a dry basis was greater than nominal value set
solution was added by Hamilton syringe. The volume of by the requirements of the experiment. Apparently,
added alkali solution portions was 10-25 µl [9]. modification of the cornstarch leads to an increase in its

The titration curves of aqueous solutions of studied ash-content.
hydrocolloids were prepared by acid-base titration. Dependencies of PH values of the component

Before starting the experiment on titration, solutions, used for capsules production, on the
hydrochloric acid was added to the solution, thereby concentration of added acid or alkali were determined for
shifting the pH value to the acidic range. Thereafter, the polysaccharides solutions, whose concentrations are
resulting solution was titrated with sodium hydroxide [10]. given in Table 2.

2

Table 1: The analysis results of the cornstarches physical and chemical parameters.

Sample
------------------------------------------------------------- Requirements according to GOST

Parameter S1 S2 S3 S4 51985-2002 / Technical requirements Method of analysis

The number of specks per 1 dm  of starch flat surface 54 14 16 34 at most 300 GOST 7698-932

to the naked eye
Mass fraction of moisture,% 10.67±0.01 11.17±0.10 10.66±0.33 8.92±0.16 at most 14 GOST 7698-93
Mass fraction of total amount of ash on a dry basis,% 0.27±0.03 0.25±0.02 0.07±0.01 0.653±0.04 at most 0.20 GOST 7698-93
Mass fraction of protein on a dry basis,% 0.15±0.01 0.18±0.03 0.20±0.01 0.31±0.01 at most 0.8 GOST 7698-93
Acidity, cm  0.1 mole/dm  of sodium hydroxide per 22.5±0.1 22.2±0.5 15.6±0.1 12.7±0.4 at most 20 GOST 7698-933 3

100 g of dry substance
Sulfur dioxide content, mg/kg not  detected not  detected not  detected not  detected at most 50 GOST 7698-93
The presence of impurities of other starches no impurities no impurities no impurities no impurities not allowed GOST 7698-93
Color reaction with iodine - - - - not  allowed GOST 7698-93



World Appl. Sci. J., 26 (9): 1248-1251, 2013

1250

Table 2: Tested starches solutions.

Name Identification mark Concentration, % w/w Concentration, % w/w

Cornstarch, C*Tex 06201(Cargill B.V., the Netherlands) S1 1 5
Cornstarch, C*Tex 06205 (Cargill B.V., the Netherlands) S2 1 5
Native cornstarch (MP Biomedicals, USA) S3 1 5
Cornstarch, Thermtex S4 1 5

Table 3: The PH values of aqueous solutions of the tested components used for capsules production

S1 S2 S3 S4
Substance -------------------------- ------------------------ -------------------------- ---------------------------
Concentration,% 1 5 1 5 1 5 1 5

pH 4.6 6.4 4.7 7.0 7.4 6.1 7.7 7.7

The pH value of solution of the studied substance Starches exhibit sufficiently strong buffering
depends on both the chemical nature of the substance properties;  the   average    number    of   active
and its concentration and may vary greatly. This must be groups in  the  one-percent  solution  of  native
considered when preparing mixes for capsules production. starch was 0.23 mM and pKa of the starches ranges
Table 3 shows the measurement results of proper pH from 3 to 4 pH;
values of the component solutions used for capsules Starch solutions are chemically unstable in the
production. presence of the acid in solution.

The solutions with the concentration of 1% show
better buffering properties than those with the ACKNOWLEDGEMENTS
concentration of 5%. This cannot be explained in terms of
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