
302 VETERINARY SCIENCE TODAY. 2025; 14 (3): 302–309 | ВЕТЕРИНАРИЯ СЕГОДНЯ. 2025; 14 (3): 302–309 

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY ОРИГИНАЛЬНЫЕ СТАТЬИ | ВЕТЕРИНАРНАЯ МИКРОБИОЛОГИЯ

© Malik N. I., Chupahina N. A., Rusanov I. A., Malik E. V., Malenkova L. A., Samokhvalova N. S., Surogin M. V., 2025

Identification and some biological characteristics  
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ABSTRACT
Introduction. Censuses of phylogenetic diversity of bacteria colonizing the intestinal tract of clinically healthy poultry conducted over the past decade indicate 
that up to 60% of genera present in the gut microbiome contain spore-forming bacteria, accounting for 30% of total gut microbiota. Benefits associated with using 
probiotics containing Bacillus spore-forming bacteria have been documented. Analysis of the prevalence of hemolytic and potential biofilm-forming activity, as 
well as antibiotic resistance in poultry gut spore-forming microbiota is essential for understanding the true role of aerobic spore-formers of the Bacillus genus in 
avian gut microbiome ecology.
Objective. Identification and investigation of biological characteristics (hemolytic activity, potential biofilm-forming capacity and antibiotic resistance) of Bacillus 
bacterial isolates obtained from the large intestine of poultry.
Materials and methods. Spore-forming bacteria were isolated from cecal content through sample heat treatment. Phenotypic identification was performed using 
API 50CHB biochemical test panels (bioMérieux, France). Hemolytic properties were assessed using Columbia agar (HiMedia Laboratories Pvt Ltd., India) supple-
mented with 5% sterile defibrinated sheep blood; catalase activity was assessed using 10% hydrogen peroxide according to General Pharmacopoeia Monograph 
GPM.1.7.2.0012.15; antibiotic sensitivity was assessed with disk diffusion test involving standard antibiotic-impregnated disks (5–30 μg/disk). Biofilm-producing, 
spore-forming bacteria were tested qualitatively using brain-heart infusion agar (BHI; HiMedia Laboratories Pvt Ltd., India) supplemented with Congo red and 
5% sucrose.
Results. It was established that the cecal aerobic spore-forming microbiota in poultry comprised B. licheniformis, B. subtilis/amyloliquefaciens, B. mycoides,  
B. megaterium and B. cereus. All tested isolates were catalase-positive and lacked α-hemolytic activity. Some isolates demonstrated β-hemolytic activity.  
The overwhelming majority exhibited biofilm-forming phenotypes and showed susceptibility to tested antibiotics.
Conclusion. Vegetative forms of Bacillus spore-forming bacteria may potentially persist in or temporarily associate with the complex gut ecosystem. Hemolytically 
active intestinal isolates cannot be considered safe until the effects of this virulence factor on animals are clarified. These findings provide a basis for selecting 
candidate Bacillus strains for probiotic development.
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Идентификация и некоторые биологические  
свойства изолятов бактерий рода Bacillus,  
выделенных из толстого отдела кишечника птицы
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Звенигородское шоссе, 5, г. Москва, 123022, Россия

РЕЗЮМЕ
Введение. Проведенная за последнее десятилетие перепись филогенетического разнообразия бактерий, колонизирующих кишечный тракт клини-
чески здоровой птицы, показывает, что до 60% родóв, присутствующих в микробиоме кишечника, содержат спорообразующие бактерии, и эти роды 
составляют 30% от общей кишечной микробиоты. Были зарегистрированы преимущества, связанные с использованием пробиотиков, содержащих 
спорообразующие бактерии рода Bacillus. Анализ широты распространения гемолитической и потенциальной биопленкообразующей активности, а также 
антибиотикорезистентности у кишечной популяции споробиоты птицы необходим для понимания истинной роли аэробных спорообразователей рода 
Bacillus в экологии кишечного микробиома птицы.
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their presence in the intestine is attributed to the con-
sumption of feed and water. It has been conventionally 
assumed that Bacillus species enter the intestine exclu-
sively in their spore form [8]. However, accumulating 
evidence suggests that some Bacillus species exhibit a 
bimodal life cycle, capable of both growth and sporu-
lation not only in the environment but also within the 
gastrointestinal tract [9, 10].

Spore-forming bacteria of the genus Bacillus are 
widely used in animal feed to promote animal growth 
and inhibit pathogens [11, 12]. The probiotic mecha-
nisms of these microorganisms involve synthesizing an-
timicrobial compounds and lactic acid [13], enhancing 
non-specific immunity [14], and producing enzymes 
such as amylase, lipase, protease, pectinase and cellu-
lose [15]. Specifically, Bacillus subtilis stimulates growth 
of beneficial gut microbiota, increases intestinal micro-
biome diversity [16], modulates regulatory systems for 
intestinal epithelium renewal and immune cell activity 
[17], and mitigates the adverse effects of various factors, 
particularly antibiotic therapy [18, 19].

It has also been shown that B. subtilis plays an 
important role in stimulating the development of  
gut-associated lymphoid tissue and that sporulation of 
live bacilli is considered critical for this process [20, 21].

Survival and colonization within the digestive tract 
are essential for the microbiota to exert its physiolog-

INTRODUCTION
The gut microbiota is crucial for maintaining host 

health by supplying essential nutrients, regulating en-
ergy balance, modulating immune responses and pro-
tecting against pathogens. Consequently, restoring and 
maintaining its stability with beneficial bacteria – rather 
than antibiotics – has been proposed as a strategy to 
prevent adverse effects on gut health [1].

A census of the phylogenetic diversity of bacteria 
identified in the intestinal tract of healthy poultry con-
ducted over the past decade shows that up to 60% 
of the genera present in the gut microbiome contain 
spore-forming bacteria, and these genera account for 
30% of the total gut microbiota [2, 3].

In microbiome research, spore-forming bacteria 
are considered a distinct functional group within the 
broader microbiota. The term “sporobiota” has been 
proposed to describe the total collection of these bac-
teria in a given microbial community [4].

Endospores are formed by members of Firmicutes, 
a large, diverse and morphologically complex bacte-
rial phylum [5]. Within it, species of the genus Bacillus 
(family Bacillaceae) have attracted the most scientific 
attention due to their significant role in modulating the 
intestinal microbiota [6].

While spore-forming bacteria of the genus Bacillus 
are primarily associated with the soil microbiome [7], 

Цель работы. Идентификация и исследование биологических характеристик (гемолитическая активность, потенциальная способность к биопленко
образованию и антибиотикорезистентность) изолятов бактерий рода Bacillus, выделенных из толстого отдела кишечника птицы.
Материалы и методы. Выделение спорообразующих бактерий из содержимого слепых отростков толстого кишечника птицы проводили путем про-
гревания образцов. Фенотипическую идентификацию изолятов осуществляли с использованием биохимических тест-панелей API 50CHB (bioMérieux, 
Франция). Гемолитические свойства определяли на колумбийском агаре (HiMedia Laboratories Pvt Ltd., Индия) с добавлением 5% стерильной дефибрини-
рованной крови барана; каталазную активность – в тесте с 10%-й перекисью водорода по ОФС.1.7.2.0012.15; чувствительность к антибиотикам – диско-
диффузионным методом со стандартными дисками, импрегнированными антибиотиками в концентрациях от 5 до 30 μg/disk. Скрининг спорообразующих 
бактерий – продуцентов биопленки проводили качественным методом на сердечно-мозговом агаре (HiMedia Laboratories Pvt Ltd., Индия) с добавлением 
индикатора конго красного и 5% сахарозы.
Результаты. Установлено, что кишечная популяция аэробной споробиоты слепых отростков толстого кишечника птицы представлена видами  
B. licheniformis, B. subtilis/amyloliquefaciens, B. mycoides, B. megaterium и B. сereus. Все изученные изоляты были каталазоположительными, не обладали 
α-гемолитической активностью. У части изолятов отмечена β-гемолитическая активность. Подавляющее большинство изолятов относились к биоплен-
кообразующим фенотипам и проявляли чувствительность к тестируемым антибиотикам.
Заключение. Вегетативные формы спорообразующих бактерий рода Bacillus потенциально могут сохраняться в сложной экосистеме кишечника или 
временно ассоциироваться с ней. Гемолитически активные кишечные изоляты спорообразующих бактерий не могут считаться безопасными до вы-
яснения действия этого фактора вирулентности на организм животных. Результаты исследований могут быть использованы при отборе кандидатных 
штаммов бактерий рода Bacillus, выбранных в качестве пробиотиков.
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Благодарности: Исследование финансировалось Федеральной службой по ветеринарному и фитосанитарному надзору, научно-исследовательский 
проект АААА-А20-120012790050-7 по теме «Диагностика состояния нормальной микробиоты желудочно-кишечного тракта сельскохозяйственной птицы 
под воздействием антимикробных и пробиотических препаратов для разработки и осуществления мер по ее сохранению или восстановлению».

Для цитирования: Малик Н. И., Чупахина Н. А., Русанов И. А., Малик Е. В., Маленкова Л. А., Самохвалова Н. С., Сурогин М. В. Идентификация и некоторые 
биологические свойства изолятов бактерий рода Bacillus, выделенных из толстого отдела кишечника птицы. Ветеринария сегодня. 2025; 14 (3): 302–309. 
https://doi.org/10.29326/2304-196X-2025-14-3-302-309

Конфликт интересов: Авторы заявляют об отсутствии конфликта интересов.

Для корреспонденции: Чупахина Наталия Александровна, канд. биол. наук, ведущий научный сотрудник отдела бактериологии ФГБУ «ВГНКИ»,  
Звенигородское шоссе, 5, г. Москва, 123022, Россия, n.chupahina@vgnki.ru

ORIGINAL ARTICLES | VETERINARY MICROBIOLOGY ОРИГИНАЛЬНЫЕ СТАТЬИ | ВЕТЕРИНАРНАЯ МИКРОБИОЛОГИЯ



304 VETERINARY SCIENCE TODAY. 2025; 14 (3): 302–309 | ВЕТЕРИНАРИЯ СЕГОДНЯ. 2025; 14 (3): 302–309

ical functions [22]. For spore-forming bacteria, a key 
prerequisite for intestinal colonization is the adhesion 
of spores to the intestinal mucosa and subsequent bio-
film formation, a process that enables the transition of 
planktonic cells to attached forms [21, 23].

The term “biofilm” is used to describe a structured 
community of bacterial cells embedded in a self-pro-
duced polymeric extracellular matrix and adhered to 
an inert or living surface [24]. This polymeric extracel-
lular matrix is a complex system composed of exopoly-
saccharides, the TasA protein, lipids, nucleic acids and 
various heteropolymers, all of which are secreted by 
microorganisms into the extracellular environment [25]. 
Studies have shown that the TasA protein and exopoly-
saccharides are key components of the Bacillus biofilm 

matrix. TasA is an amyloid protein that has been impli-
cated in the formation of the biofilm matrix by various 
microorganisms, including spore-forming bacteria [26, 
27, 28, 29].

Bacterial biofilms can protect bacteria from environ-
mental stressors, host immune responses and antimi-
crobial agents, including antibiotics [30].

The use of Congo red dye to assess bacterial amyloid 
synthesis, and thus identify mucus or biofilm-forming 
organisms like Staphylococcus sp., was first proposed by 
D. J. Freeman et al. [31]. This method distinguishes bio-
film-forming Staphylococcus colonies from non-form-
ing ones based on their morphology and color on Con-
go red agar. Subsequent studies confirmed the utility of 
this assay for detecting potential biofilm formation in 
a broad spectrum of gram-positive and gram-negative 
microorganisms, including spore-forming bacteria of 
the genus Bacillus [32, 33, 34].

Recent data indicates that Bacillus sporulation  
is more active within biofilms than in planktonic  
cultures [35].

The growing threat of antibiotic-resistant patho-
biont spread has brought to the forefront research 
focused on assessing the antibiotic resistance of the 
commensal gut microbiota as potential donors of re-
sistance determinants.

In light of this problem, it has been suggested that 
spore-forming bacteria may play a significant role in 
the dissemination and accumulation of antibiotic resis-
tance genes due to their ability to withstand antibiotic 
treatment [36, 37]. However, the extent of antibiotic 
resistance and the biofilm-forming capacity among 
members of the intestinal sporobiota remain largely 
unknown.

Previous studies on the spread of antibiotic resis-
tance and the biofilm-forming ability of Bacillus bac-
teria were focused on a limited number of species and 
did not include isolates derived from poultry gut micro-
biota [38, 39, 40, 41].

The prevalence of hemolytic activity within the in-
testinal population of aerobic Bacillus bacteria remains 
insufficiently studied. Furthermore, the role of their 
hemolysins in maintaining intestinal mucosal integrity 
is unclear, and it has not been established that hemo-
lysin production is harmless to the host. Non-hemolytic 
(γ-hemolytic) strains are generally considered safe for 
their hosts, while strains exhibiting hemolytic activity 
are deemed pathogenic [42, 43].

Given the modern understanding of the gut micro-
biota’s role in maintaining gut colonization resistance, 
this knowledge gap leads to a lack of understanding re-
garding the true role of aerobic Bacillus spore-formers 
in the poultry gut microbiome and the specificity re-
quired for their selection and application as probiotics 
[44, 45].

The relevance of this work is that the safety assess-
ment of aerobic spore-forming Bacillus bacteria, which 
are widely used in the production of probiotic feed ad-
ditives, is associated not only with species identification 
but also with the individual characteristics of the strains.

The novelty of the obtained data lies in the study of 
specific biological properties of isolates from the ceca 
of commercial poultry, thereby evaluating the pros-
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Table 1  
Hemolytic activity and biofilm-forming capacity  
of spore-forming bacterial isolates from poultry cecal appendages

Isolate species identification 
using the standardized  

API 50CHB system

Total 
number  

of isolates

Number of hemolyti-
cally active isolates Number of iso-

lates – potential 
biofilm producers

Type of hemolysis

α β γ

B. licheniformis 26 0 4 6 23

B. subtilis/amyloliquefaciens 16 0 3 1 16

B. megaterium 3 0 2 1 2

B. mycoides 5 0 0 0 5

B. cereus 7 0 5 1 5

Unidentified species 11 0 5 4 not tested

Total 68 0 19 13 51

Fig. 1. Hemolytic activity of Bacillus isolates cultured 
on sheep blood-supplemented SCD agar at (37 ± 1) °C 
for 24 hours
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formed based on morphological properties, Gram stain-
ing,hemolytic activity, catalase activity, biofilm-forming 
capacity and antibiotic susceptibility. All tests were per-
formed in duplicate.

Isolate identification. Phenotypic identification of the 
spore-forming bacterial isolates was conducted using 
commercial disposable biochemical diagnostic test 
panels API 50CHB (bioMérieux, France). This test classi-
fies bacterial strains based on their ability to ferment 49 
different carbohydrates. Results were analyzed using the 
APIWEB™ software (bioMérieux, France).

Hemolytic activity test. The hemolytic properties of 
the spore-forming bacterial isolates were determined 
using Columbia agar (HiMedia Laboratories Pvt Ltd., In-
dia) supplemented with 5% sterile defibrinated sheep 
blood. Twenty-four-hour cultures of the isolates were 
stab-inoculated onto the agar surface. The reaction 
was recorded 24 hours after incubation at (37 ± 1) °C.  
An isolate was considered α-hemolytic if colonies caused 
a green or brown discoloration of the surrounding me-
dium, β-hemolytic if true lysis of erythrocytes resulted in 
a clear, transparent zone surrounding the colonies, and 
γ-hemolytic (non-hemolytic) if no reaction was observed 
in the surrounding medium [47].

Catalase test. The catalase activity of bacterial iso-
lates was determined using a 10% hydrogen peroxide 
solution [48]. The liberation of oxygen, evident by the 
formation of gas bubbles, indicated catalase production.

Antibiotic susceptibility test. The antibiotic susceptibil-
ity of Bacillus sp. isolates was tested using the disk diffu-
sion method [49]. Standard antibiotic-impregnated discs 
(HiMedia Laboratories Pvt Ltd., India) with the following 
concentrations (5 to 30 μg/disk) were used: ciprofloxacin 
(Cip 5), rifampicin (Rif 5), enrofloxacin (Ex5), doxycycline 
(Do10), gentamicin (Gen10), neomycin (N30), cefazolin 
(Cz30), norfloxacin (Nx10), benzylpenicillin (P100),  
pefloxacin (Pf5), kanamycin (K30), lincomycin (L15), 
azithromycin (AZM15), nalidixic acid (NA30), chloram-
phenicol (C30), oxytetracycline (O30), imipenem (Ipm10), 
oleandomycin (Ol15), clindamycin (Cd2), clarithromycin 
(Clr15), oxacillin (Ox1), ampicillin (Amp25).

Eighteen-hour agar cultures of spore-forming bacte-
ria were adjusted to a 0.5 McFarland standard; 250 μL of 
the culture was swabbed onto the surface of SCD agar 
plates, and antibiotic discs were dispensed (8 per plate) 

pects of using Bacillus bacteria for developing probiotic 
feed supplements.

The aim of this work is to investigate the biological 
properties of Bacillus isolates (hemolytic activity, po-
tential for biofilm formation, and antibiotic resistance) 
obtained from the large intestine of poultry, with the 
goal of selecting promising strains for use in the bio-
technology of probiotic production.

MATERIALS AND METHODS
Spore-forming bacteria used in this study were iso-

lated from samples of the cecal content of clinically 
healthy poultry obtained from farms in the Moscow 
Oblast that are free from infectious diseases. Birds were 
euthanized in the animal facility using CO₂ and subjected 
to necropsy according to a standard protocol. All animal 
procedures complied with the ethical standards set by 
European Convention ETS No. 123.

The ceca were isolated by applying ligatures at the 
junction with the rectum, excised, placed in separate 
containers and transported to the laboratory under  
a cold chain (2–8 °C). Within maximum 30 minutes of 
obtaining the isolated ceca, the contents of each were 
extruded into sterile disposable dishes and labeled. The 
resulting aliquots of each chyme sample were diluted 
1:100 with buffered peptone water and resuspended by 
vigorous mixing to obtain a homogeneous suspension.

To isolate spore-forming bacteria, the aliquots were 
heated in a water bath at 65 °C for 45 minutes [46].

To obtain isolated colonies, the heated aliquots were 
streaked onto Tryptic Soy Agar (SCD agar; HiMedia Labo-
ratories Pvt Ltd., India). Cultivation was carried out under 
aerobic conditions at (37 ± 1) °C. The cultures were exam-
ined after 18, 24, and 36 hours of incubation.

Colonies exhibiting morphological characteristics 
of the Bacillus genus were selected and purified by  
repeated streaking on SCD agar. After 18 and 24 hours 
of cultivation, following visual assessment of growth 
and microscopy of gram-stained smears, isolates of 
spore-forming bacteria were subcultured into Tryptic 
Soy Broth (TSB; SCD broth; HiMedia Laboratories Pvt Ltd., 
India), and broth cultures of vegetative cells were used 
for further work.

Phenotypic characterization. A phenotypic character-
ization of the spore-forming bacterial isolates was per-

Fig. 2. Bacillus isolates cultured on Congo red-supplemented BHI agar at (37 ± 1) °C for 24 hours
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using a dispenser (HiMedia Laboratories Pvt Ltd., India). 
Plates were then incubated at (37 ± 1) °C for 20–24 hours.

Strains were classified as resistant (R) if the inhibition 
zone diameters for the antibiotics listed in EFSA (Euro-
pean Food Safety Authority) documents exceeded the 
threshold level for Bacillus strains [50]. For antibiotics 
lacking reliable interpretive criteria, Bacillus strains ex-
hibiting inhibition zones of less than 12 mm around the 
antibiotic disc were considered resistant.

Determination of biofilm producers. Screening of 
spore-forming bacteria as potential biofilm produ- 
cers was performed using a qualitative method by de-

tecting extracellular amyloid proteins on Brain Heart 
Infusion Agar (BHI agar; HiMedia Laboratories Pvt Ltd., 
India) supplemented with Congo red indicator and 5% 
sucrose [31].

A 24-hour broth culture of the test isolate was stab- 
inoculated onto Congo red BHI agar and incubated for  
48 hours at (37 ± 1) °C. The color and morphology of  
the resulting colonies were assessed visually.

The interaction of Congo red with amyloid proteins 
of the biofilm produces a compound that gives colonies 
a dark red or dark brown color with a black base. Weak 
biofilm producers typically remain pink, though some 

Table 2 
Antibiotic sensitivity profiles of 57 spore-forming isolates determined using disk diffusion method

№
п/п Antibiotic disc type

Number of antibiotic-sensitive isolates

B. licheniformis 
(n = 26)

B. subtilis/ amyloliquefaciens 
(n = 16)

B. megaterium 
(n = 3)

B. mycoides
(n = 5)

B. cereus  
(n = 7)

1 Ciprofloxacin (5 μg/disk) + + + + +

2 Rifampicin (5 μg/disk) 2 1 1 + +

3 Enrofloxacin (5 μg/disk) + + + + +

4 Doxycycline (10 μg/disk) + + + + +

5 Gentamicin (10 μg/disk) + + + + +

6 Neomycin (30 μg/disk) + + + + +

7 Cefazolin (30 μg/disk) 3 + 1 + 3

8 Norfloxacin (10 μg/disk) + + + + +

9 Benzylpenicillin (100 μg/disk) + + + + +

10 Pefloxacin (5 μg/disk) + + + + +

11 Kanamycin (30 μg/disk) + + + 1 +

12 Lincomycin (15 μg/disk) 8 3 1 + +

13 Azithromycin (15 μg/disk) + 2 + + +

14 Nalidixic acid (30 μg/disk) + + + + +

15 Chloramphenicol (30 μg/disk) + + + + +

16 Oxytetracycline (30 μg/disk) 2 2 + 1 1

17 Imipenem (10 μg/disk) + + + + +

18 Oleandomycin (15 μg/disk) + + + + +

19 Ampicillin (25 μg/disk) + + + + +

20 Clindamycin (2 μg/disk) + + + + +

21 Clarithromycin (15 μg/disk) + + + + +

22 Oxacillin (1 μg/disk) + + + + +
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CONCLUSION
Based on the test results, the identified species of 

spore-forming bacteria of the genus Bacillus isolated 
from the ceca of commercial poultry included: B. li-
cheniformis, B. subtilis/amyloliquefaciens, B. mycoides,  
B. megaterium and B. cereus; a number of isolates could 
not be identified.

All studied isolates were catalase-positive and 
lacked α-hemolytic activity. Some isolates exhibited 
β-hemolytic activity, which precludes their classifica-
tion as non-pathogenic.

The potential ability of the isolated strains to form 
biofilms, which indirectly characterizes their capacity 
to survive in the intestine, was additionally investiga
ted. The vast majority of isolates were classified as po-
tential biofilm-forming phenotypes and demonstrated 
susceptibility to all 22 tested antibiotics.

Hemolytically active intestinal isolates of spore-form-
ing bacteria cannot be considered safe until the effect 
of this virulence factor on the animal organism is elu-
cidated.

The research results can be used for the selection 
of candidate strains of bacteria of the genus Bacillus 
chosen as probiotics
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darkening in the center may be observed. Isolates inca-
pable of forming biofilms produce white or very light 
pink colonies [51].

RESULTS AND DISCUSSION
During the study, a total of 68 strains of aerobic 

spore-forming bacteria of the genus Bacillus were iso-
lated and identified to the species level.

Phenotypic data confirmed that the isolates ob-
tained from the contents of the ceca of the large intes-
tine of clinically healthy birds belonged to spore-form-
ing bacteria.

The identified isolates of spore-forming bacteria 
were represented by 5 species: Bacillus licheniformis, 
Bacillus subtilis/amyloliquefaciens, Bacillus megateri-
um, Bacillus cereus and Bacillus mucoides. A number of  
isolates could not be identified using the standardized 
API 50CHB system.

Microscopic examination of the isolated cells re-
vealed a diverse collection of rod-shaped bacteria pro-
ducing endospores of various sizes and shapes.

The colonies of spore-forming bacteria exhibited 
significant polymorphism. B. licheniformis isolates,  
after 18–24 hours of growth on SCD agar, formed raised, 
medium-sized colonies colored white or beige, with  
a flower-like shape.

When cultured on SCD agar, B. subtilis/amyloliquefa-
ciens isolates grew into large white, medium-sized col-
onies with a lighter central point, or rough undulating 
colonies of a white-cream color with a dry, finely wrin-
kled structure, slightly raised above the agar surface.

Bacillus megaterium isolates on SCD agar formed 
sharply defined colonies of a dirty white color.

Morphologically, the colonies of B. mucoides and  
B. cereus isolates were identical and appeared as 
rough, spreading, rhizoid, greyish-white colonies with  
undulating edges, or as wrinkled, milky-colored colo-
nies with wavy edges.

The isolated spore-forming bacteria were assessed 
for their safety based on hemolytic activity (Table 1).

All isolates of spore-forming bacteria obtained from 
the chyme samples of birds’ ceca lacked α-hemolytic 
activity. Growth on blood agar revealed a wide zone of 
hemolysis, characteristic of β-hemolytic bacteria, in 14 
out of the 57 studied isolates of the species B. licheni-
formis, B. subtilis/amyloliquefaciens, B. megaterium, and  
B. cereus (Fig. 1). It was found that 9 isolates of spore-form- 
ing bacteria exhibited γ-hemolytic activity.

The majority of the studied isolates of spore-form-
ing microorganisms grown on Congo red BHI agar were 
classified as potential biofilm producers based on their 
dark red colonies with a black base, with the exception 
of 3 isolates of B. licheniformis, 1 isolate of B. megateri-
um, and 2 isolates of B. cereus, which formed light pink 
colonies (Fig. 2).

Antibiotic susceptibility tests showed that the ma-
jority of the studied isolates of spore-forming bacteria 
were sensitive to all 22 antibiotics tested (Table 2).

Only 4 isolates of spore-forming bacteria were resis-
tant to rifampicin, 7 – to cefazolin, 12 – to lincomycin, 
and 6 – to oxytetracycline. Some isolates were resistant 
to 2 antibiotics, but the majority of isolates exhibited 
resistance to maximum one antibiotic.
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