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Abstract. In recent years, there has been an interest among researchers in the search for 

new microorganisms with probiotic properties. Among them, many studies in this regard are 

devoted to Bacillus subtilis, which is widespread in nature and is not pathogenic for animals and 

humans. Some results of a study of the biological properties and antagonistic activity of Bacillus 

subtilis are presented, which was carried out with the aim of developing methodological 

approaches to identifying strains with antagonistic activity against certain types of opportunistic 

microorganisms and their further use as probiotic preparations. According to cultural, 

morphological and biochemical characteristics, the studied bacterial strains corresponded to the 

species characteristics of Bacillus subtilis and were confirmed by genetic identification using the 

16 S rRNA method. As a result of the experiments, the antagonistic activity of Bacillus subtilis 

strains against Staphylococcus aureus, Candida albicans, and E. coli was established. The growth 

inhibition zone of these crops ranged from 15 to 25 mm. The studied Bacillus subtilis strains can 

be proposed for use as probiotics. 

Keywords: microorganisms, cellulose, probiotics, antimicrobial activity, opportunistic 

bacteria, carboxymethylcellulose, cellobiose. 

 

INTRODUCTION   

There are many questions about increasing productivity, which are determined by the 

physiological and biological characteristics of animals. Organizing the establishment of adequate, 

high-quality nutrition and the creation of a new feed base for livestock farming, eliminating the 

causes of shortage and inferiority of feed are serious problems, the solution of which would help 

to increase the safety and productivity of farm animals. 

A promising area of microbial biotechnology is the development of probiotic preparations 

for feed use. At the same time, much attention is paid to probiotics with cellulolytic properties in 

connection with the problems of domestic feed production. In recent years, the structure of feed 

raw materials in the country has undergone significant changes, which have led to the forced 

introduction of difficult-to-digest and low-calorie components (bran, rye, oats, barley) into feed. 

Of great importance is the refusal to use meat and bone meal in the feed of farm animals and 

replacing it with protein of plant origin (soybean meal, corn gluten), the commercial forms of 

which contain fiber impurities. This leads to an increase in the proportion of difficult-to-digest 

fiber in feed and poses the challenge of increasing its absorption, since fiber has a significant 

impact on the use of dietary nutrients by animals. The accumulation of plant waste enriched with 

fiber (brewer's grain, various types of meal, pulp, etc.) prompts attempts to utilize it by introducing 

it into the feed of farm animals, which also necessitates the development of drugs that stimulate 

the digestion of fiber [1;2]. Therefore, it is important to study the internal food chains of 

herbivorous animals with a high degree of digestibility of cellulose fibers, to isolate from them 

cellulolytic and other symbiont bacteria involved in digestion, and to develop biotechnology for 

the industrial production and use of such microorganisms. Cereal crops (oats, rye, barley, wheat, 

etc.) are widely used for the production of feed used in livestock farming. However, these nutrient 

sources contain non-starch polysaccharides (NSPs), which negatively affect feed digestibility. The 
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      entry of soluble NPS with feed into the gastrointestinal tract of monogastric animals (poultry) leads 

to the formation of viscous jelly-like substances that impede the access of digestive juices to 

nutrients, impairing their digestibility [2, 3, 4]. In this regard, difficulties arise in the assimilation 

of polysaccharides, cellulose, and feed, respectively. 

Studying the characteristics of the cellulolytic activity of rumen symbiont microorganisms 

is necessary to improve digestion and absorption of fiber in ruminants, and is also important for 

the physiological basis of their nutrition [10,15,17]. 

   The main problem is that cellulose is very resistant to various influences. Therefore, there 

is a constant search for new strains of microorganisms with a higher level of cellulase biosynthesis, 

and biotechnological methods for using cellulose and, first of all, cellulose-containing crop waste 

and organic fertilizer are being developed. Such developments are impossible without the search 

for new strains that produce cellulolytic enzymes [16,18]. Our research is aimed at searching for 

bacteria with cellulolytic activity from the rumen of some domestic animals (rabbits, domestic 

goats and birds), and some insects. So, the purpose of this work is to isolate microorganisms-

bacteria from the rumen of animals and select strains with cellulolytic activity. 

  More than 20 isolates of various bacteria have been isolated from animals. Opportunistic 

bacteria were excluded from the list of bacteria studied. The dominant group among all isolated 

microorganisms are bacteria of the genus Bacillus. The selected strains were identified as 

representatives of the species Bacillus subtilis, Bacillus megaterium, Bacillus pumilis. To identify 

the species of microorganisms, a Brucker MicroFlex LR MALDI-TOF mass spectrometer and 

specialized Maldi Biotyper software (Brucker) were used. These bacteria were identified using 

molecular genetic analysis of the nucleotide sequence of the 16S ribosomal RNA gene and their 

harmlessness was determined by the State Veterinary Service of the Republic of Uzbekistan [19].  

Cellulolytic bacteria of the genus Bacillus, which are an important link in the carbon cycle in 

nature and an essential part of the ecosystem, are of great interest. In this regard, it seems promising 

to study the possibility of using them as a basis for obtaining a new producer of cellulolytic 

enzymes. Previously, we conducted studies to determine the endogluconase activity of local 

termites Anacanthotermes turkestanicus; strains isolated from insects showed more active 

cellulase activity than animal bacteria [20]. 

Research methods. The work used strains of microorganisms capable of biodegrading 

cellulose, isolated from the rumen of domestic animals. 

    Cultivation of bacteria was carried out in flasks on rocking chairs for 2 days at a 

temperature of 37°C in MPB (meat-peptone broth) medium containing: meat extract, dry 

enzymatic peptone, sodium chloride. 0.5% sodium salt of carboxymethylcellulose (Na-CMC) and 

cellobiose were added as a carbon source. The formation and activity of enzymes of the cellulase 

complex were assessed by their effect on substrates: on Na-CMC - endoglucanases, on cellobiose 

- cellobiases (β-glucosidases). Screening for bacterial activity was carried out in two stages. The 

first stage consisted of direct selection of cultures of various bacterial species from their 

inoculations on the surface of an agar medium with various cellulose-containing substrates as a 

carbon source. Based on the diameter of the color clearing zones around the grown colonies after 

staining the dishes with Congo red dye, the activity of enzymes produced by the cultures was 

judged [11,13]. The activity of enzymes in strains selected as a result of primary screening was 

assessed by the ability to hydrolyze soluble, medium-viscosity carboxymethylcellulose and 

cellobiose. 

Determination of total reducing sugars (TS) Among the various methods for the 

quantitative determination of TS, the Somogyi-Nelson method and the 3,4-dinitrosalicylic acid 

(DPS) method are most widely used. Our studies used the Somogyi-Nelson method. [5,7,14]. 
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          Results and its discussion. 

Isolation of strains of microorganisms promising for use as producers of cellulolytic 

enzymes from the rumen of domestic animals was carried out at the Department of Animal 

Physiology of Samarkand University. Cultures of microorganisms were isolated by seeding 

directly from the submitted samples. Liquid media were used as accumulation media for isolating 

microorganisms. Strains were selected for their ability to hydrolyze CM cellulose and cellobiose. 

     As a result, 10 bacterial strains exhibiting cellulase activity were isolated. Based on the 

data obtained from the study of the physiological and biochemical properties of isolated 

cellulolytic microorganisms [12], according to Bergey’s determinant [13], 6 strains based on a set 

of characteristics were identified as representatives of the genus Bacillus (gram-positive straight 

rods forming endospores, motile, aerobes or facultative anaerobes, 2 catalase-positive cultures), 

which were selected for further work. The selection of strains of spore-forming bacteria as 

potential producers of cellulases when sowing cultures on the surface of agar media corresponding 

in composition showed that cultures that are capable of forming active cellulases gave clearing 

zones around the colonies, clearly visible after staining with a dye (Fig. 1-3). 

 
Fig.1. Isolated cultures of bacteria of the genus Bacillus subtilis 

 
А                                                                    B 

Fig.2. Isolated strains of bacteria from the gastric juice of a domestic goat Bacillus 

megaterium (A); Bacillus pumilis (B). 

K (control) - there is no zone, cups with clarification show cellulose hydrolysis. 

Starch hydrolysis was studied on potato peptone agar. Petri dishes with seeded agar were 

filled with Lugol's solution after 48 hours of incubation at 37°C. Light zones around the crops 

indicated starch hydrolysis. 

Methods for testing sensitivity to antibiotics. (Disk method) [21]. 
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Fig. 3. Zones of hydrolysis of Na-CMC by bacilli cultures. 

The sensitivity of the isolated bacteria to various antibiotics was determined: rifampicin, 

ofloxacin, cefotaxin, ampicillin, azithromycin, erythromycin, tetracycline, gentamicin, 

chloramphenicol, ciprofloxacin. Antibiotic sensitivity testing allows us to determine the resistance 

and sensitivity of microorganisms to drugs. Special disks of filter paper, which are impregnated 

with various antibiotic solutions, are placed on top of colonies of microorganisms on a nutrient 

medium. The presence or absence of bacterial growth reveals the degree of sensitivity to a 

spectrum of antibiotics.  

                                                                                                                                  Table 1. 

Antibiotiklar Bacillus 

subtilis-1 

Bacillus 

subtilis-2 

Bacillus 

subtilis-3 

Bacillus 

subtilis-4 

Bacillus 

megateri

um 

Bacillu

s 

pumilis 

Rifampicin 16 20 4 10 7 9 

Ofloxacin 30 30 26 26 22 20 

Cefotaxime 0 0 0 0 0 0 

Ampicillin 0 0 0 0 0 0 

Azithromycin 15 12 10 25 25  

Erythromycin 0 0 0 0 0 0 

Tetracycline 14 18 8 10 14 10 

Gentamicin 0 0 0 0 24 26 

Chloramphen

icol 

25 20 25 25 25  

ciprofloxacin 32 32 28 0 24 22 
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Fig. 4. Determination of sensitivity to antibiotics. (Disk method). 

Antibiotic susceptibility studies have shown high sensitivity to ofloxacin, chloramphenicol 

and ciprofloxacin. (Table 1.) The zone of growth inhibition ranged from 25 to 32 mm. It should 

be noted that all the studied cultures showed resistance to the antibiotics cefotaxin, ampicillin, 

erythromycin and gentamicin. Bacillus megaterium turned out to be sensitive to gentamicin. The 

sensitivity zone was 24 mm. 

Primary screening showed that in most of the studied strains, hydrolyzing soluble CMC, 

they have the ability to form a complex of extracellular cellulases. Thus, strains of the species 

Bacillus subtilis, Bacillus megaterium, Bacillus pumilis had the ability to form extracellular 

enzymes that break down Na-CMC. 

Methods for determining the antimicrobial effect of some cellulolytic strains. 

Antimicrobial activity was studied using the droplet method [22]. For this purpose, spore 

cellulolytic bacteria were incubated in MPB broth for 48 hours. A 5 µl sample of these bacteria 

was then dropped onto soft Mueller-Hinton agar. The inoculated plates were left at room 

temperature for 30 minutes and incubated at 37°C for 48 hours. The experiments used 

opportunistic microorganisms stored in the collection of the Institute of Microbiology of the 

Academy of Sciences of the Republic of Uzbekistan, as well as kindly provided by the Department 

of Microbiology, Immunology and Molecular Genetics of the Center for the Development of 

Professional Qualifications of Medical Workers. Selected opportunistic bacterial strains were 

cultivated on MPA media, and yeast of the genus Candida on Sabouraud media. After incubation, 

isolates grown in broth at 37°C for 48 hours were adjusted to 0.5 McFarland turbidity in 0.85% 

saline. After thorough mixing, 7 ml of soft agar was slowly poured onto the surface of Petri dishes 

inoculated with spore bacteria. After cooling the agar, the Petri dishes were incubated at 28-30°C. 
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      After incubation, the diameters of the zones of grown colonies were measured. The study was 

carried out in 2 replicates. 

      
Fig. 5. Determination of the antimicrobial activity of some isolated strains of cellulolytic 

bacteria of the genus Bacillus subtilis, Bacillus pumilis (diameter zones of antimicrobial 

action are indicated in mm) 

                                                                                                                                                                

Table 2.  

Isolated strains Staphylococcus 

aureus 

Сandida 

albicans 

Bacillus subtilis E.coli 

Bacillus subtilis-     

(термит) 

17мм 20мм 25мм 15мм 

Bacillus pumilis 

-(домашняя 

коза) 

15мм 15мм 23мм 12мм 

Bacillus subtilis-     

(кролик) 

25мм 22мм 25мм 17мм 

As a result of the experiments, the antagonistic activity of Bacillus subtilis strains against 

Staphylococcus aureus, Candida albicans, and E. coli was established. The growth inhibition zone 

of these crops ranged from 15 to 25 mm. The studied strains of the genus Bacillus can be proposed 

for use as probiotics for animals. 

Cellulase activity was determined by a calorimetric method based on the determination of 

reducing sugars (RS) formed by the action of enzymes of the cellulolytic complex on the substrate 

- Na-CMC and cellobiose. The method is based on the quantitative determination of reducing 

sugars formed as a result of the action of the enzyme cellulase on the substrate sodium salt of 

carboxymethylcellulose (Na-CMC), cellobiose, at a temperature of 50 °C. The amount of reducing 

sugars was determined using the Somogyi-Nelson method [6-9]. 

Calibration curve for determining the amount of reducing sugars 

Calculations are performed using a calibration curve. When creating a calibration curve, D 

(optical density) values are entered on the X-axis and concentration values are entered on the Y-

axis. The absorbance of the samples was measured on a Shimadzu UV-1800 spectrophotometer at 

wavelength A = 610 nm. The results obtained were processed using Excel. The arithmetic mean 

(M), standard deviation (±m) and statistical significance (R) were examined. Results less than 

R<0.05 were considered statistically significant. 
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                                                                                                                         Table 3.  

Experienced 

options, samples 

№ 

 

 

Cellulase activity (ClC/cm3) 

(cellobiose) 

BS-1 0,083±0,003 

BS-2 0,075±0,002 

BS-3 0,072±0,003 

BS-4 0,078±0,0025 

(carboxymethylcellulose) 

BS-1 0,061±0,0016 

BS-2 0,089±0,001 

BS-3 0,049±0,0013 

BS-4 0,057±0,0027 

 

 

y = 0.1483x 

R² = 0.9928
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      CONCLUSIONS 

Studies determining the degree of sensitivity of the studied cellulolytic strains to a range 

of antibiotics showed high sensitivity to ofloxacin, chloramphenicol and ciprofloxacin. The growth 

inhibition zone is up to 32 mm. It should be noted that all the studied cultures showed resistance 

to the antibiotics cefotaxin, ampicillin, erythromycin and gentamicin. This indicates that bacteria 

isolated from domestic animals are resistant to these antibiotics. These antibiotics cannot be used 

to treat animals.   

The first stage of screening showed that the majority of the studied strains hydrolyze 

soluble CMC and cellobiose. Most of the studied bacilli strains synthesized endoglucanase and 

cellobiase. Culture No. 2, which was isolated from the rumen of a domestic goat, had the highest 

synthesis of endoglucanase. Endoglucanase activity was 0.089±0.001(ClC/cm3). All cultures had 

the highest synthesis of cellobiase. Strain No. 1 has a β-glucosidase synthesis of 0.083±0.00 

(CLS/cm3) (Table 2). Cellulase capacity (ClC) is calculated in the analyzed sample in units of 

ClC/g or units of ClC/cm3. 

Thus, as a result of screening studies, 4 strains of bacteria of the genus Bacillus belonging 

to Bacillus subtilis, Bacillus megaterium, Bacillus pumilis have endoglucanase and cellobiase 

activity. When determining the cellulase activity of cultures, all studied strains had the highest 

synthesis of β-glucosidase. All studied cultures also have endoglucanase activity. The studies 

carried out confirmed the presence of endoglucanase and cellobiase activity in all 4 selected 

bacterial cultures. These strains can be used in further biotechnological research as part of 

biological products used as a feed additive for farm animals and for the treatment of organic and 

plant waste. Further research is planned using these bacteria in feed additives to determine some 

of the physiological processes of digestion in domestic animals.      
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