
 

 

  
Abstract—A new composite sorbent based on carbonized rice 

husk (CRH) and immobilized on it living cells and inactivated 
cultural liquid containing antimicrobials metabolites of Bacillus 
subtilis CK-245 is developed. The sorption and antimicrobic activity 
of CRH concerning five species of Enterobacteriaceae is studied. 
Prospects of use of developed sorbent in medicine and veterinary 
science is shown. 

 
Keywords—CRH, probiotic, concentrated fugate, sorption and 

antimicrobial activity.  

I. INTRODUCTION 
HE efferent (detoxification) medicine is based on 
application of sorbents for binding and removal different 

toxins and microbic cells from blood or gastrointestinal tract. 
One of the directions of chemistry and biotechnology is 

receiving composite medical preparations and enriched 
sorbents. These are composite materials consisting of carbon 
sorbent and biologically active components. Their basis is 
made by the carbon sorbent received of high-temperature 
carbonization of rice husk produced at the Combustion 
Problem Institute. The developed porous surface of CRH 
made it properties as highly effective adsorbent [1]. The 
surface of these sorbents can be modified by absorbing on it 
heteroatoms, various functional groups even the whole 
microbic cells or biologically active substances that allows to 
receive composites with a new combination of properties. 
Initially introduced as just an imitation of Mother Nature, 
artificial immobilization of cells and enzymes has now 
transformed into a valuable biotechnological instrument. Its 
growing practical application and development over years led 
to appearance of fascinating novel microbial and enzymatic 
technologies [2]. Research on the immobilized biocatalysts is 
currently conducted in many laboratories around the world. In 
some countries (Japan, USA and others) immobilized 
microbial cells have been successfully applied for adsorption 
of heavy metals from dilute solutions [3], for purification of 
sewage [4] as well as for intensification of microbiological 
processes (production of antibiotics, organic acids, sugar 
syrups, fermented drinks, etc.). It was shown that immobilized 
cells allow conducting biotechnological process over extended 
periods of time, under strict control of the process kinetics and 
microbial activity [5]. This methodical reception is called 
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enrichment or functionalization and it allows receiving the 
heterogeneous biocomposites possessing antimicrobic, anti-
inflammatory, antitoxic, immunomodulating, antiallergic and 
other types of biological activity [6]. 

Example is the immobilized probiotic "Riso-Lakt". On its 
surface immobilized three types of lactobacilli probiotics [7]. 
Probiotics represent preparations of living microorganisms 
and their metabolites which have positive physiological, 
biochemical and immunological effects on the host organism 
via optimization of the host’s microbial ecosystem when 
introduced in a natural way.  

The immobilized microcolonies of bacteria keep their 
viability and are attached to mucous intestines. 

Due to the increase of resistance of bacteria to antibiotics, 
there was a necessity of development of alternative therapeutic 
agent, among which the important place occupies use of 
probiotics, including Bacillus possessing antimicrobial 
activity. Bacteria B. subtilis produces more than 70 various 
antibiotics [8]. One of the important problems of production of 
probiotics is development of technologies without waste, in 
particular, use fugates of microbic cultures which do not 
contain bacteria, but there are products of their metabolism 
and biosynthesis which can render antimicrobial effect.  

The purpose of this research is to develop a new 
composition material on the basis of CRH sorbent and the 
cells and metabolites of sporogenous bacteria immobilized on 
it. It was expected that this material should possess sorption 
and antimicrobial activity against microorganisms-intestinal 
pathogens. 

II.  MATERIALS AND METHODS 
• Carbonized rice husk. Carbonized rice husk received at 

high temperature in anoxic condition at the Institute of 
Combustion Problems [6].  

• Microorganisms. Bacillus subtilis CK-245 (antagonist). 
strains of microorganisms used for determination of 
antagonistic activity of fugate: Salmonella typhi RM-1; 
RM-2; Z-3; Salmonella typhimurium G-1; G-4; G-5; 
Enterobacter aerogenes PM-1; PM-2; Esсheriсhia сoli G-
3; G-4; Proteus vulgaris PM-1 from the collection of 
biotechnology department Al-Farabi Kazakh National 
University.  

• Methods. Cultivation of Bacillus subtilis CK-245 carried 
out in the liquid cellulose containing medium 
Omelyansky in bottles on a shaker-incubator ES-20 
(Latvia) within 48 hours. Concentration of fugate carried 
out with use of separator ASG-3MB, "Alpha Laval". 
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including better survival of probiotic bacteria (as was 
demonstrated above), by their increased antagonistic 
metabolic activity, and possibly also by exchange of the 
bacteria adsorbed on NCS and the bacteria attached to the 
intestinal cell walls. 

We speculate that all the above-mentioned mechanisms 
could contribute to the increased activity of immobilized 
probiotic strains. Our previous date suggest that the 
immobilization of Lactobacillus on carbonized vegetable raw 
material (rice husk, grape stones) increased their physiological 
activity and the quantity of the antibacterial metabolites by 25-
60%, which consequently would lead to increase of the 
antagonistic activity of Lactobacillus. High in-vitro and in-
vivo efficiency of the immobilized probiotics can be also 
ascribed by the specific micro-environmental physic-chemical 
conditions on the interface “sorbent/microbe” [9]. Moreover, 
besides delivery of bacteria in intestine the NCSs can possibly 
contribute to detoxification by absorption of intestinal toxins 
by the active sites on the surface not occupied by microbial 
cells. All these considerations suggest synergistic summation 
of multiple beneficiary effects.  

The great binding strength and capacity of the material in 
respect of cells and dissolved compounds is mainly created by 
extended network of nanotubes but also appears due to high 
hydrophobicity of the surface. Although many more studies 
and tests are necessary, and a lot of work needs to be done, we 
can now envision creation in the nearest future of new 
generation of CRH-based probiotic preparations, effectively 
normalizing the intestinal microflora, bringing relief to 
millions of patients around the world. 

Base biological activity which should possess probiotics is 
antagonistic activity in relation to pathogens. The main reason 
for use of enterosorbents is food poisonings and the diseases 
caused by pathogen and opportunistic Enterobacteria. 

The studied samples of CF were active against all test 
strains of Salmonella (Fig. 4). Antagonistic activity of CF was 
considered zero at width of a zone of absence of test strains 
growth to 1.0mm, low – at 1.1-4.9mm, average - at 5.0-8.9 
mm, high – at 9.0mm and more.  

At the following stage of antimicrobic activity of CF 
against other species of bacteria of Enterobacteriaceae family 
(Table II) was defined. As target microorganisms used: 
Echerichia coli G-3; G-4 (enteropatogenic intestinal bacteria - 
the causative agent of colibacteriosis); Proteus vulgaris PM-1 
(food spoil); Enterobacter aerogenes PM-1; PM-2 
(opportunistic enteric infections). 

It possesses antagonistic activity on the relation to all used 
test microorganisms with growth inhibition zones to 
Enterobacter aerogenes PM-1-19±0,6; Enterobacter 
aerogenes PM-2 - 10,8±0,6; Echerichia coli G-3 - 16±0,7; 
Echerichia coli G-4 - 19,04±0,5; Proteus vulgaris RM-1 – 
20,03 ± 0,4.  

In Table III, it is shown the sorption activity of CRH and 
composite material concerning microbic cells. 

Studying of efficiency of Enterobacteria sorption has 
shown that, first CRH possesses high sorption characteristics 
concerning microbic cells. Secondly, that the capacity of 

sorption of Enterobacteria of composite material is at the 
same level. Therefore, the immobilization of CF does not 
influence sorption of CRH properties concerning microbic 
cells. 

 

 
Fig. 3 Antagonistic activity of concentrated fugate of Bacillus subtilis 

CK-24 concerning Salmonella 
 

 
Fig. 4 Antagonistic activity concentrated fugate of Bacillus subtilis 

CK-24 against Enterobacteriaceae 
 

TABLE III 
EFFICIENCY OF SORPTION OF BACTERIA ON CRH AND CM 

Test organism 
stains 

Initial 
concentration 
of cells х109 

Capacity of cell sorption (108 
to 1 g sorbent) 

CRH CМ 
S. typhi PM-1 2,5±0,4 62,1±4,9 57,1±2,9 

S. typhimurium G-1 2,0±0,3 73,4±5,5 69,4±5,6 
E. coli G-3 2,3±0,08 84,1±3,8 79,9±4,9 

E.aerogenes PM-2 2,6±0,5 56,1±1,9 48,2±3,8 
Р. vulgaris РМ-1 2,8±0,6 64,1±4,8 59, 3±2,4 

 
Antimicrobic properties of the received composite material 

estimated at joint cultivation with target-microorganisms in 
nutrient broth within 18 hours (Table IV). In system brought 
100ml of a suspension of bacteria in concentration of 108 
CFU/ml, 10g of sorbent or 10g of composite material. 
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Abscopal effect of materials is determined by percent of the survived cells of test strains. 
 

TABLE IV 
ANTIMICROBIC ACTIVITY OF THE COMBINED SORBENT AT JOINT CULTIVATION WITH TEST ORGANISMS 

Variants 
Number of viable cells of test strains, % to control 

S. typhi PM-1 S. typhimurium G-1 E. coli G-3 E. aerogenes PM-2 Р. vulgaris РМ-1 
CF+CRH 0,8±0,01 0,6±0,03 2,3±0,02 1,6±0,03 1,8±0,03 

CRH 67±2,6 70±4,6 72±5,3 77±5,6 57±4,7 
Control 100 

 
IV. CONCLUSION  

The composition material has the expressed negative effect 
on all 5 test cultures from Enterobacteria family. At the same 
time sorbent are capable to attach about 28-43% of these 
microorganisms. Therefore using the received preparation 
there is an effective suppression of test cultures. It means that 
the composite material possesses both sorption and 
antimicrobic activity against Enterobacteria – activators of 
food poisoning. The new probiotic on the basis of CRH and 
antimicrobic metabolites of sporogenous bacteria can be 
alternative to antibiotics. The high antimicrobial activity of a 
biological component will interfere with a microbic 
contamination and to promote safety of medicinal forms.  

The researches directed on receiving carbonized sorbent on 
the basis of nonconventional secondary vegetative raw 
materials-rice husk and development of ways of its 
functionalization for the purpose of receiving the new 
biological products possessing high sorption and antibacterial, 
wound healing activity for their application in efferent therapy 
are represented perspective. 
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