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Abstract: This paper is dedicated to results of studying microbiological, physico-chemical and organoleptical parameters of apple 
juice processed by shungite. Shungite is a natural mineral which has special structural composition, characterized by the existence of 
fullerenes and nanotubes. This paper explains the methods applied by the authors to prepare shungite for experimental research, to 
process apple juice by adsorbent, to determine the quantity of microorganisms in juice after it interacted with shungite, weight 
percentage of dissolvable dry solids, active acidity and quality parameters. In juice, processed by shungite, bacteria, fungi and yeast 
were detected. The authors made a comparison between microbial population in juice before and after its interaction with shungite. The 
paper refers to method under which shungite adsorbs bacteria, fungi and yeasts. The authors presented the results of studying dry solids 
content, active acidity of apple juice, processed by shungite at various temperatures and conducted assessment of apple juice quality 
after its interaction with sorbent. Through their research, the authors established rational parameters of apple juice processed by 
shungite under which the maximum reduction of microbial insemination is reached. The research proved that after apple juice interacts 
with shungite, its dry solids content and active acidity level remain unchanged. This paper confirmed high quality parameters of apple 
juice processed by shungite. Taking into account the obtained results, the authors concluded that use of shungite to process apple juice 
does not require expensive equipment, complex maintenance of the processing procedure, which reduce the cost value of a 
manufactured product. 
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1. Introduction 

Fruit and vegetable juices have been traditionally 

enjoying stable demand. In addition to refreshing 

ability, nutritional and stimulating effect, harmonious 

taste, they contain vitamins and range of biologically 

active substances, necessary for proper and healthy 

nutrition. 

However, juices have the highest water activity (aw 

0.98-0.99) and present themselves as a favorable 

environment for microbial growth. Content of sugars 

stimulates the growth and reproduction of lactic acid 

bacteria, cocci and yeast (Saccharomyces, 

Hanseniaspora, Torulopsis and Candida). Lactic acid 

bacteria convert apple acid into lactic acid and together 
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with carbon dioxide create a stable turbidity, thus 

spoiling juice. Acidic environment is favorable for 

fungal growth, which by neutralizing the acidic 

environment facilitates the development of 

putrefactive microorganisms. The molding of the 

finished product is often caused by fungi of Penicillium, 

Aspergillus and Monilia. By decomposing fruit acids, 

they form gluconic and oxalic acid [1, 2]. 

To prevent microbial spoilage of food products, 

including fruit juices, various processing methods are 

used: ultrasound, ultraviolet, high-frequency currents, 

sterilization or pasteurization, cooling, drying, pickling, 

fermenting, applying chemical preservatives and others 

[3, 4]. 

The above methods fail to ensure that apple juice is 

not spoilt because the effect of ultraviolet rays only 

occurs at a depth of 0.1 mm [5]. Some of the mentioned 
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techniques are expensive and require special 

equipment as well as availability of trained personnel 

[4-6]. 

One of the priority areas to improve the quality of 

apple juice is the use of natural dispersive minerals, 

which have developed porous structure, possess 

adsorptive and ion-exchangeable capacities, can be 

regenerated, utilized and are low cost [7-9]. 

Adsorbents, used for manufacturing food products, 

have to meet strict sanitary and hygienic requirements, 

in particular, they must not contain arsenic and fluorine 

in any form, compounds of mercury, lead and 

radioactive substances, they must not bring any 

unacceptable smells, taste into juice or be a source for 

pathogenic bacteria, viruses and toxins which could 

cause illness for a human being or lead to the decrease 

of nutrition value of raw or semi-finished products 

processed by adsorbents [8, 10]. Carbon-bearing 

sorbent shungite meets such criteria [11]. 

Shungite is the only known species of mineral 

containing fullerenes (new globular form of carbon 

existence). Feature of fullerenes structure is that atoms 

of carbon in molecules are located at peaks of regular 

pentagons and hexagons that cover the surface of the 

sphere and form closed polyhedrons created by even 

number of coordinated carbon atoms. Special feature 

of fullerenes is that they have large number of reaction 

centers [12-14]. 

Shungite’s ability to adsorb different substances is 

determined by its surface structure, nature and 

concentration of surface reactive groups. Another 

important factor is that this mineral has fullerene 

carbon nanotubes, which cylindrical cavity diameter is 

1-6 nm and length attains up to several microns. The 

cylindrical surface of tubes is formed by rings of active 

carbon and has free porous space [13, 15]. 

The results of the previous studies [16, 17] have 

established environmental safety of using shungite for 

processing vegetable juices. 

The aim of this work was to study the 

microbiological, physico-chemical and organoleptic 

parameters of apple juice processed with shungite. 

2. Materials and Methods 

Shungite of Karelian deposits was washed with 

water to attain pH = 6.5 and then it was 

thermoactivated at 100 C for 1 h, cooled, and fraction 

of 1.0-3.0 mm was separated [18]. 

Shungite (previously prepared in concentrations of 

1.0, 1.5 and 2.0 weight percents (% wt)) was placed in 

freshly-squeezed apple juice, stirred, kept at 40, 60 and 

80 C for 20, 40 and 60 min. After processing, the 

mixtures were decanted, filtered and filtrates were used 

to determine quantity of microorganisms and the mass 

fraction of dry solids (DS). 

Quantity of microorganisms in apple juice, 

processed by shungite, was determined in the following 

way: samples of apple juice, processed by shungite at 

various technological parameters, and control sample 

(freshly-squeezed juice) were diluted (1:1,000, 

1:10,000, 1:100,000), from each dilutions 0.1 cm3 were 

inoculated in Wort agar (WA) for fungi, and meat 

infusion agar (MIA) for bacteria [2, 19]. All treatments 

were incubated for 3 days at 28-30 °C for fungi, and 

37 °C for bacteria. After 3 days of incubation, 

microscopic examination was performed to identify 

microorganisms and their quantitative estimation. 

Mass fraction of dry solids was determined by 

refractometric method according to ГОСТ 228652-90, 

active acidity according to ГОСТ 26188-84, 

assessment of shungite-processed apple juice quality 

was performed according to ГОСТ 8756.1-79. 

3. Results and Discussions 

During microscopic examination bacteria (cocci, 

micrococci), fungi and yeasts (Aspergillus, 

Penicillium and Mucor) were detected. Quantity of 

microorganisms, detected in the samples, is presented 

in Table 1. Permissible quantity of cells (CFU) in 1 g 

(mL) of a product, which does not affect its 

microbiological stability during storage and is not 

dangerous to human health, is 1 × 101-1 × 103. 
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Table 1  Microorganisms in apple juice processed by shungite (CFU). 

Microorganism species 
Duration 
(min) 

Temperature (°C) 

40 60 80 

Shungite concentration, % wt 

1.0 1.5 2.0 1.0 1.5 2.0 1.0 1.5 2.0 

Bacteria (cocci, micrococci) 
(control sample 1.1 × 103) 

20 9.0×102 8.0×102 2.0×102 3.8×102 1.9×102 0.7×102 3.3×102 1.3×102 0.4×102

40 5.4×102 7.3×102 1.9×101 4.1×102 0.3×102 1.8×101 2.6×102 0.3×102 1.7×101

60 0.5×101 n/d n/d 0.4×101 n/d n/d 0,3×101 n/d n/d 

Fungi 
(control sample 7.6 × 101) 

20 5.8×101 4.2×101 n/d 5.6×101 4.0×101 n/d 5.1×101 4.0×101 n/d 

40 4.2×101 3.8×101 n/d 4.0×101 3.8×101 n/d 3.9×101 3.8×101 n/d 

60 3.9×101 3.2×101 n/d 3.5×101 3.1×101 n/d 3.2×101 3.0×101 n/d 

Yeast 
(control sample 8.2 × 101) 

20 6.2×101 5.3×101 5.0×101 5.8×101 4.9×101 4.5×101 5.2×101 4.8×101 4.5×101

40 6.0×101 n/d n/d 6.0×101 n/d n/d 5.0×101 n/d n/d 

60 n/d n/d n/d n/d n/d n/d n/d n/d n/d 
*n/d: not detected. 
 

The results of the conducted studies show a tendency 

of decrease in quantity of microorganisms in 1.5-100 

times, and in some samples, processed by shungite 

under different temperature conditions, processing 

duration and sorbent concentration, compared with 

control sample, they were not identified at all. The 

quantity of bacteria in juice processed at 60 °C and 

with adsorbent concentration of 2.0% wt, decreases 

from 1.1 × 103 to 0.4 × 102 and to 1.7 × 101 units when 

duration of processing constitutes 20 min and 40 min, 

respectively. Under the same conditions and with 60 

min duration of juice processing, bacteria are 

completely adsorbed by shungite. 

Under the studied, technological parameters of 

processing apple juice by shungite, the quantity of 

fungi decreases from 1.5 times to 2.5 times, compared 

with control sample, and with adsorbent concentration 

of 2.0% wt, fungi are completely removed from the 

juice. 

Yeast was not identified in samples, processed by 

shungite with concentration of 1.0%, 1.5% and 2.0% 

wt and with duration of 60 min. In juice, processed by 

adsorbent for 40 min, small quantity of yeast was 

identified. As control sample, apple juice, still under 

the experiment conditions without being processed by 

shungite, was used. 

Such significant reduction of bacteria, fungi and 

yeasts content in apple juice processed by shungite can 

be explained as follows: the combined effect of 

temperature (60 °C and 80 °C) and juice pH facilitated 

the coagulation of protoplasm protein of the above 

mentioned microorganisms. As the result, water 

“cocoon” and ion charge of cells changed, in addition， 

ζ-potential almost completely disappeared [10, 20]. 

Having lost charge, bacterial cells were drawn to 

adsorbent due to the forces of Van-der-Waals-London, 

resulting in forming aggregates of cells and mineral. 

Adsorbed by shungite, microorganisms were removed 

together with sediment. 

When processing apple juice by shungite, 

simultaneously with the adsorption of harmful 

microorganisms, colloidal substances are also adsorbed, 

and that in turn promotes clarification of juice [21]. 

Figs. 1-3 show results of dry solids content in apple 

juice purified by shungite at 40, 60 and 80 °C 

depending on the adsorbent concentration and duration 

of juice processing. 

Analyzing the outcomes of the research, presented 

in Figs. 1-3, we see that the content of DS, after apple 

juice is processed by shungite with concentration 1.0%, 

1.5% and 2.0% wt, at 40, 60 and 80 °С and under 

duration of 20, 40 and 60 min, does not change when 

compared with control sample. 

The results of the change in active acidity of apple 

juice, processed by shungite, depending on adsorbent 

concentration and duration of processing, are presented 
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Fig. 1  Dry solids content in apple juice, purified with shungite at 40 °С, depending on the concentration of adsorbent and 
duration of processing. 
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Fig. 2  Dry solids content in apple juice, purified with shungite at 60 °С, depending on the concentration of adsorbent and 
duration of processing. 
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Fig. 3  Dry solids content in apple juice, purified with shungite at 80 °С, depending on the concentration of adsorbent and 
duration of processing. 
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Fig. 4  Active acidity (рН) in apple juice, purified by shungite at temperature 40 °С, subject to adsorbent concentration and 
duration of processing. 
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Fig. 5  Active acidity (рН) in apple juice, purified by shungite at temperature 60 °С, subject to adsorbent concentration and 
duration of processing. 
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Fig. 6  Active acidity (рН) in apple juice, purified by shungite at temperature 80 °С, subject to adsorbent concentration and 
duration of processing. 
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Table 2  Organoleptic parameters of apple juice purified 
with shungite which has concentration of 1.5%-2.0% wt, 
during 60 min, at 60 °С. 

Parameter name Characteristics 

Visual 
appearance 

Color is light, light amber, appropriate for 
raw material used for producing juice. 
Without amorphous sediments, traces of 
black spots, pulping particles and seeds or 
other visible defects. 

Taste and smell 
Pleasant, lightly sour taste, typical apple 
smell without strange aftertaste or odor. 

in Figs. 4-6. 

Analyzing the results in Figs. 4-6, we observe 

insignificant increase in рН of juice medium compared 

with control sample after its processing by shungite at 

40 °C of apple juice-adsorbent mixture during 20, 40 

and 60 min. Apple juice рН increases from 4.49 up to 

4.52, from 4.51 up to 4.53 and from 4.53 up to 4.54 

when juice interacts with adsorbent which has 

concentration of 1.0%, 1.5% and 2.0% wt, respectively. 

Similar tendency is observed at 60 °С and 80 °С. 

Insignificant change in active acidity with increase 

of temperature is explained by dissociation of acids 

present in juice. 

Quality evaluation of apple juice, processed by 

shungite, through organoleptic method, is presented in 

Table 2. 

Results from Table 2 evidence that by visual 

appearance, taste and smell apple juice, processed by 

shungite, complies with regulatory requirements and is 

awarded with 4.9 points out of 5 [22, 23]. 

4. Conclusions 

This work proves the expediency of adsorptive 

processing of apple juice by shungite with fraction of 

1-3 mm. Rational parameters of apple juice processing, 

under which the maximum reduction of microbial 

insemination is reached, are shungite concentration of 

1.5%-2.0% wt, at 60 °C, duration of 60 min. 

Dry solids content and level of active acidity in apple 

juice, processed with shungite almost do not change, 

whereas, high parameters of quality of apple juice, 

processed with shungite, are reached. Juice purified by 

shungite received 4.9 out of 5 possible points. 

Using shungite for apple juice processing does not 

require expensive equipment, complicated support to 

technological process, thus lowering costs of the final 

product. 
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