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ABSTRACT

The use of antibiotics in the treatment of livestock has increased the productivity of the meat and dairy industry. The side
effects of antibiotics have raised concerns about their widespread use and have necessitated the monitoring of antibacterial
residues in dairy products. 14 microbial isolates identified as B. licheniformis, B. sonorensis, B. cereus, B. simplex,
B. thuringiensis, B. pumilis, B. mojavensis, B. subtilis, B. atrophaeus, B. paralicheniformis were selected from soil samples
collected in 7 regions of Kazakhstan. Sensitivity testing of the isolated strains showed that the strains were susceptible to
13 antibiotics belonging to lincosamide, ansamycin, quinolone, macrolide, fluoroquinolone, tetracycline, nitrobenzene,
aminoglycoside, glycopeptide and p-lactam antibiotics. The proteolytic strain Bacillus licheniformis T7 seems promising as
a test culture. It is highly sensitive to antibiotics, grows rapidly on a variety of nutrient media, is alkaline and spore-forming
and can be cultured at 37-55°C. The peculiarity of the strain to change the pH of the medium from 5.0 to 7.0 and above makes
it possible to use bromocresol purple as a growth-detecting dye. This has been shown in experiments using antibiotic milk
samples on LB agar and LB broth pH 5.0. In the absence of growth-inhibiting antibiotics, the culture of B. licheniformis T7
grows vigorously, which causes a pH shift to 7.99 and causes the color of bromocresol purple to change from yellow to purple.
The results showed promise for the strain Bacillus licheniformis T7 to be used as a bacterial culture in the development of a

microbiological test for the detection of antibiotics in milk.
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INTRODUCTION

Antibiotics are one of the effective drugs used in the treat-
ment of humans and animals [1], including the treatment of
infectious diseases in dairy cattle [2]. The most popular anti-
biotics for milk cattle are B-lactam, tetracycline, aminoglyco-
side, sulphalamide and macrolide compounds, which differ in
their chemical structure and mechanism of antimicrobial ac-
tion. However, the residual content of these antibiotics in milk
can cause allergic reactions in humans and contribute to the
development of drug resistance in bacteria [3]. Studies have
shown that antibiotic use at an early age can subsequently in-
crease the risk of allergy and obesity, which is closely linked
to the disruption of gut microflora due to antibiotic action [4].
Antibiotic residues impede milk processing (e.g. fermentation
by lactic acid bacteria) and have a negative effect on the in-
testinal microflora of newborn animals [5]. The side effects of
antibiotics are the flip side of their effectiveness.

Antibiotics are widely used to treat mastitis, reproduc-
tive diseases and hoof diseases on dairy farms. They are in-
jected either into a vein or into the muscle and enter the milk
already in very low concentrations. Antibiotic drugs have dif-
ferent half-lives, which depend on the chemical structure of
the substance and the metabolism of the animal. For example,
a residue of penicillin G can be found in milk after 9 days of
treatment [6] and a residue of gentamicin after 6 days of treat-
ment of mammary inflammation [7].

The issue of antibiotic residues in the context of antibi-
otic overuse by the public is of concern [8] and leads to nu-
merous restrictions on uncontrolled antibiotic therapy in the
dairy sector [9]. It should be noted that the use of antibiotics
in animal husbandry is not always effective, for example, in
the treatment of mastitis [10]. Additional risks cause the re-

lease of antibiotics with manure into the environment [11].
All this makes it necessary to determine the residual content
of antibiotics in milk and dairy products.

Various techniques based on chromatography and immu-
nology are used to detect different antibiotic residues [12].
Quantitative methods such as high performance liquid chro-
matography [13], gas liquid chromatography [14], thin layer
chromatography [15], mass spectrometry [16] and electro-
chemical methods [17,18] are actively used to detect antibi-
otic residues in food. The methods have varying degrees of
accuracy, specificity and detection rate, but a common disad-
vantage is that they require expensive equipment in laborato-
ries and higher requirements for the qualification of labora-
tory personnel, which is difficult to achieve on farms and milk
processing plants. At the same time, microbiological meth-
ods based on the susceptibility of bacteria to the presence of
antibiotics seem to be promising [19]. These methods are in-
expensive and, unlike immunological methods and receptor
binding tests, cover a wide range of different antibiotics. The
search for a bacterial strain characterised by antibiotic sensi-
tivity, high growth rate and exhibiting phenotypic traits de-
tectable in a visual way therefore seems promising.

For practical use, tests are available to determine the resid-
ual antibiotics and sulphonamides in milk and milk products:
Milchtest CMT (Packhaus Rockmann GmbH, Germany),
Delvotest SP-NT (DSM Food Specialties, Denmark), Copan
Milk Test (Copan Innovation, Italy), Eclipse Farm 3G (Zeu-
lab, Spain). These tests are based on the diffusion of milk in
agar containing spores of the strain and the dye bromocre-
sol purple. The method is based on the fact that when milk is
added to a test microtube in the absence of substances that in-
hibit the growth of bacteria, spores germinate and sucrose is
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fermented, which leads to a change in the pH of the medium
to the acid side (pH below 5) and a change in the color of the
dye from purple to yellow. Tests detect more than 50 antibiot-
ics and inhibitory substances, including 3-lactam antibiotics,
tetracyclines, aminoglycosides, macrolides, sulphonamides,
lincosamides and ansamycins. These tests use spores of the
thermophilic strain Bacillus stearothermophilus var. Calido-
lactis capable of growth at 64-65°C. The advantages of mi-
crobiological diffusion tests are susceptibility to a large class
of antibiotics and high sensitivity to antibiotics. For example,
for penicillin sensitivity tests based on B. stearothermophilus
var. Calidolactis is 1-3 pg/kg, while the EU/Codex limit is
4 ng/kg. On the other hand, excessive sensitivity of B. stea-
rothermophilus var. Calidolactis to antibiotics and inhibitors
may be misinterpreted. Thus, out of 200 milk samples tested
with Delvotest SP-NT, 40 samples tested positive for antibi-
otic residues, but only 4 had an oxytetracycline concentra-
tion above the maximum limit [20], which was confirmed by
HPLC-MS/MS.

Such qualities as sensitivity to a large number of known
antibiotics and inhibitors, sporulation, rapid growth, fermen-
tation of sugars with a change in the pH of the medium, ther-
mophilicity favor the use of B. stearothermophilus strains as
the test culture [12,21,22]. Many strains of Bacillus are highly
sensitive to antibiotics, such as B. cereus [23], B. velesensis
[24], B. megaterium [25]. Being soil bacteria and being ex-
posed to antibiotics used in animal husbandry, however, ba-
cilli have not been observed to acquire antibiotic resistance
and antibiotic susceptibility persists [26]. Thus, microorgan-
isms of the genus Bacillus seem to be the most promising bac-
teria for test culture, which was the subject of this study. The
work was carried out under the project «Development of a
microbiological method for monitoring the content of antibi-
otics in milk» of the Scientific and Technical Program «De-
velopment of methods for analytical control and monitoring
of food safety».

The aim and objectives of this work were to isolate and
identify bacterial strains of the genus Bacillus, screen them for
sensitivity to f-lactam and aminoglycoside antibiotics and se-
lect the most promising strain to develop a microbial test cul-

Table 1 — Information on antibiotics

ture for the detection of antibiotics in food.

MATERIALS AND METHODS

Mediums

Nutrient broth (0.5% peptide hydrolysate of animal tis-
sues, 1.5% meat extract, 1.5% yeast extract, pH 7. 4+0.2)
and nutrient agar (0.5% peptide hydrolysate of animal tis-
sues, 1.5% meat extract, 1.5% yeast extract, 1.5% agar), Arret
and Kirschbaum medium (0.6% peptone, 0.4% tryptone, 0.3%
yeast extract, 0.15% peptone B, 0.1% glucose, 0.03% man-
ganese sulfate, 1.5% agar, pH 6.6+ 0.2 ), milk agar (2% skim
milk powder, 0.1% NaCl, 1% tryptone, 1% agar), Luria-Ber-
tani broth (1% tryptone, 0.5% yeast extract, 0.5% NaCl, pH
7.0+ 0.2), Luria-Bertani agar (1% tryptone, 0.5% yeast ex-
tract, 0.5% NaCl, 1.5% agar) was used in the study. The dye
bromocresol purple was used from Titan Biotech Ltd. (India).
Other chemical reagents were produced by Merck, Sigma and
AppliChem (Germany) with «Pure» and «For molecular bi-
ology» purity.

Antibiotics

Thirteen antibiotics produced by Titan Biotech Ltd. (In-
dia), belonging to different classes, were used in the work. In-
formation on the antibiotics is given in Table 1.

Isolation of the strains

The strains isolated from soil samples collected from dif-
ferent regions of the Republic of Kazakhstan were used in this
work. Soil samples were measured by 1 g and suspended in
9 ml of sterile 0.9% (w/v) NaCl. The resulting mixture was
shaken for 30 minutes. In order to precipitate large soil parti-
cles, at least 30 seconds were waited between seeding on solid
media and shaking. Next, 100 pl of the resulting suspension
was plated onto nutrient agar. The cultures were incubated at
37°C for 24 hours. The grown individual colonies were iso-
lated and Gram stained.

Morphology determination of strains
The isolated colonies grown on nutrient agar were checked
for homogeneity by visual and microscopic inspection. Visual

control determined the following characteristics of the bac-
terial colonies: diameter in millimeters, pigmentation, shape,

Class of antibiotics Antibiotics Abbreviated title used in this work
Lincosamides Clindamycin Cd
Ansamycins Rifampicin Rf
Quinolones Nalidixic acid NI
Macrolides Erythromycin Er
fluoroquinolones Ciprofloxacin Cip
Tetracyclines Tetracycline Tet
Nitrobenzenes Chloramphenicol Chl

Tobramycin Tb
) ) Streptomycin Str
Aminoglycosides .
Kanamycin Kn
Gentamicin Gn
Glycopeptides Vancomycin Vn
. Penicillin Pn
Beta-lactam antibiotics —
Ampicillin Amp
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height, profile. Surface and consistency observations of the
colonies were made.

For cell microscopy, smears were physically fixed and
stained with Gram stains. Pure cell cultures were further
screened using milk agar. The morphological characteristics
of each isolate were compared with data from Bergey’s Man-
ual of Systematic Bacteriology.

Strain identification by MALDI-TOF Biotyper

Smears of three separate colonies for each strain were ap-
plied in a thin layer to separate spots on a MALDI Biotarget
steel plate. Each sample was coated with 1 pl matrix solution
of HCCA (o-cyano-4-hydroxycinnamic acid, Bruker Dalton-
ics) and allowed to air dry. The analyses were then performed
using matrix-assisted laser desorption ionisation (MALDI)
time-of-flight (TOF) mass spectrometry (MS), spectra were
obtained on a Biotyper Microflex LT (Bruker Daltonics, Bre-
men, Germany).

Strain identification by sequencing

Genomic DNA was isolated with Wizard® Genomic DNA
Purification Kit from Promega. The 16S rRNA gene frag-
ment was amplified by PCR with the universal primer pair
27F (5'-AGAGTTTTGATCCTGGCTCAG-3’) and 1492R
(5'-TACGGTTTTACCTTGTTACGACTT-3’). The ampli-
cons were subjected to Sanger sequencing using the BigDye
Terminanor v 3.1 Cycle sequencing kit. Gene fragments were
separated using an ABI 3730x1 Genetic Analyzer automated
sequencer (Applied Biosystems). The sequences were com-
pared with GenBank data using the Basic Local Alignment
Search Tool.

Sensitivity to antibiotics

Antibiotic sensitivity was tested by the disc-diffusion
method according to [27]. Briefly, each strain was cultured
in LB broth for 16-18 hours. Then, 100 ul overnight culture
was spread evenly over the surface of the LB-agar. The anti-
biotic discs were placed on the surface of the agar at an equal
distance one from the other and 1-2 cm from the edge of the
cup. The plates were incubated in a dry-air thermostat imme-
diately after the discs were applied for 18-20 hours at 37°C.
The diameter of the growth retention zones around the discs
was measured in millimetres, including the diameter of the
discs themselves.

Testing Bacillus licheniformis T7 on milk samples

A culture of B. licheniformis strain T7 was grown for
18 hours in an incubator shaker at 37°C in 180 rpm shaking
mode. The cells of the strain were collected by centrifugation

Table 2 — Information on isolated strains

at 6000 x g 7 min 4°C. Sterile LB-agar was mixed with 100
ul of bacterial stock, 8 mm diameter wells were cut in the
agar and 100 pl of each sample of reconstituted 12% milk
with antibiotics Vn (30 ng), Chl (30 pg), Gn (120 pg), Tet
(30 png), Amp (10 pg), Kn (30 pg) were poured. Milk without
added antibiotics was used as a control. Two variants of LB-
agar were used: with pH 5.0 and 7.0. Samples were cultured
at 55°C.

Testing Bacillus licheniformis T7 on milk samples with
bromocresol purple

For the cultivation of B. licheniformis T7 on bromocresol
purple medium, two variants were tested: using LB agar and
LB broth. In the first variant, a culture of strain B. licheni-
formis T7 was grown for 18 hours in an incubator shaker at
37°C in shaking mode at 180 rpm. The cells of the strain were
collected by centrifugation at 6000 x g 7 min 4°C. Sterile LB
agar (pH 5.0) containing bromocresol purple (10 mM/L) was
mixed with 100 pl of bacterial stock, 8 mm diameter wells
were cut in the agar and 100 pl each of reconstituted 12%
milk samples with antibiotics Vn (30 pg), Chl (30 pg), Gn
(120 pg), Tet (30 pg), Amp (10 pg), Kn (30 pg) were poured.
Milk without added antibiotics was used as a control. Sam-
ples were cultured at 55°C. For the second variant, the cul-
ture was introduced into LB broth with pH 5.0 and bromcresol
purple (10mM/L) with 32 pg/mL gentamicin and cultured for
18 hours at 37°C in 180 rpm shaking mode. The tube with cul-
ture with bromcresol purple and without antibiotic was used
as control.

RESULTS AND DISCUSSION

14 microbial isolates were isolated from soil samples of
Zhambyl, Kyzylorda, Karaganda, Aktobe, Almaty, North Ka-
zakhstan and Turkestan regions. Morphological analysis of the
colonies showed that isolates cultured on nutrient agar after
16-48 hours of cultivation formed large convex colonies with
jagged edges and viscous consistency. Cultivation in nutrient
broth produces a film and a flocculated sludge. Gram staining
showed that the bacteria were Gram-positive bacilli.

Identification by MALDI-TOF Biotyper with Score 1.832-
2.212 showed that 13 of the isolates belonged to the genus Ba-
cillus and one (Akt) isolated from soil of Aktobe oblast be-
longed to the genus Solibacillus. Sequencing of DNA locus
encoding small subunit of 16S ribosomal RNA allowed to
clarify the species identity of isolates. Table 1 provides infor-
mation on the isolated strains.

i . Biotyper result 16S rRNA sequensing e o
Strain Origin . Sensitivity to antibiotic
(Score) result (Identity %)
Jambyl Bacillus licheniformis |  Bacillus licheniformis .
T5 ] Cd, Rf, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (2.104) (98.89%)
Jambyl Bacillus sonorensis Bacillus sonorensis )
T6 . Cd, Rf, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (2.212) (99.65%)
Jambyl ) ) Bacillus licheniformis )
T7 . Not identified Cd, Rf, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (98.67%)
Kyzylorda Bacillus pumilis Bacillus pumilis .
RF1 ) Cd, Rf, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (2.023) (97.86%)
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Kyzylorda Bacillus simplex ) ) .
RF2 . Bacillus simplex (95.27%) Cd, Rf, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (1.934)
Kyzylorda | Bacillus thuringiensis Bacillus thuringiensis .
PHS5 . Cd, Rf, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (1.952) (96.87%)
Kyzylorda Bacillus pumilis ) o .
PH6 . Bacillus pumilis (95.82%) Cd, Rf, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (1.832)
Kyzylorda Bacillus cereus Bacillus cereus .
PH7 . Cd, Rf, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (1.938) (98.47%)
Karaganda ) Bacillus )
ZH1 ] Bacillus cereus (1.87) ) Cd, Rf, NI, Er, Cip, Tb, Tet, Pn, Str, Chl
Region paralicheniformis (100%)
Aktobe Solibacillus silvestris Solibacillus sp. )
Akt . Cd, Rf, NI, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (1.839) (100%)
Almaty ) ) Bacillus atrophaeus )
KK4 . Not identified Cd, Rf, NI, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (100%)
Kyzylorda ) Peribacillus .
KR . Bacillus cereus (1.9) Cd, Rf, NI, Er, Cip, Tb, Tet, Pn, Str, Chl
Region frigoritolerans (100%)
North
) ) Bacillus subtilis )
P3 Kazakhstan Not identified (100%) Cd, Rf, NI, Er, Cip, Tb, Tet, Pn, Str, Chl
Region ’
Turkistan ) ) Bacillus mojavensis .
SH1 . Not identified Cd, Rf, NI, Er, Cip, Tb, Tet, Pn, Str, Chl
Region (100%)

As shown in the table, the isolates are represented by B. /i-
cheniformis, B. sonorensis, B. cereus, B. simplex, B. thuring-
iensis, B. pumilis, B. mojavensis, B. subtilis, B. atrophaeus,
B. paralicheniformis, Solibacillus silvestris. Identification by
16S rRNA fragment showed an identity with NCBI data of
95.27-100%.

The determination of strains sensitivity to 13 antibiotics by
the disc-diffusion method (Table 1) indicated that the strains
were susceptible to most of the antibiotics used in this work:
Cd, Rf, Er, Cip, Tb, Tet, Pn, Str, Chl. For the remaining anti-
biotics sensitivity was not so apparent, however, this may be
due to the need to optimize cultivation conditions.

The antibiotic sensitivity of strain B. licheniformis T7 was
determined by the disc-diffusion method. The diameter of the
inhibition zones for the antibiotics ampicillin (Amp), genta-
micin (Gen), tetracycline (Tet), chloramphenicol (Chl), nali-
dixic acid (N1), rifampicin (Rf) and ciprofloxacin (Cip) were
42,39, 51, 40, 42, 48, 69 mm, respectively (Figure 1).

Figure 1 — Sensitivity of B. licheniformis T7 strain to
antibiotics: Gn, Amp, Tet, Chl, NI, Rf, Cip

Studies on cultivation conditions showed that strains B.
licheniformis T5, B. sonorensis T6 and B. licheniformis T7
showed stable growth in the temperature range 37°C-55°C.
Temperature tolerance is an important characteristic of the
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strains, as it allows a uniform distribution of the strain cells
in the molten agar medium.

The advantage of the proteolytic strain B. licheniformis
T7 is that no special media are required for its growth — nu-
trient broth and agar are optimal. Further advantages of the
B. licheniformis T7 strain are its identical growth rate at 37°C
and 55°C, which characterizes the strain as a facultative ther-
mophile, and its tolerance to a wide pH range from 5.0 to 9.0.
Studies have shown that the acidity of the nutrient medium
is actively regulated by the strain itself. It was recorded that
during its life activity B. licheniformis T7 changed the reac-
tion of the medium to different pH values, approaching the op-
timal pH for its development - 7.25. An alkalinization of the
medium was observed, which allows the strain to be classi-
fied as a facultative alkalophile.

Growth of the culture in nutrient broth was accompanied
by clouding of the medium and the formation of a stable gray-
ish-white film on the surface of the broth. On the surface of
solid medium after 24 hours of incubation, colonies of com-
plex shape, bumpy, smooth moist surface, whitish in colour,
4-6 mm in diameter were observed (Figure 2). In addition,
strain B. licheniformis T7 was found to be spore-forming.

When cells of strain B. licheniformis T7 introduced into
LB-agar were cultured after 18 hours of incubation at 55°C, a
uniform lawn was observed. In experiments with reconstituted
milk, growth inhibition was found around the wells with milk
samples containing antibiotics, samples 1-6 in Figure 3. At the
same time, a lawn of colonies is present around the well with
the control sample without antibiotics. Using the two pH val-
ues, the growth inhibition due to antibiotics was found to be
more pronounced at a medium pH of 5.0 (Figure 3b) than at
7.0 (Figure 3a). The zones of inhibition when using LB-agar
with pH 5.0 were 32-34, whereas for LB-agar with pH 7.0 this
figure was 25-28 mm.
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Figure 2 — Colonies of B. licheniformis T7 on nutrient agar after
24 h of incubation at 37°C (a) and single colony (b)

b

0-milk without any antibiotics; 1-6 milk with antibiotics: 1-Vn;
2-Chl; 3-Gn; 4-Tet;
5-Amp; 6-Kn
Figure 3 — Testing the milk with antibiotics on Luria-Bertani
agar copolymerized with B. licheniformis T7 strain cells at pH 7.0
(a) and pH 5.0 (b)

Treatment of an LB plate of B. licheniformis T7 agar me-
dium (pH 5.0) with bromocresol purple (BCP) showed that a
color change from yellow to purple occurred around the con-
trol well (0) to which milk was added, which did not contain
any antibiotic (Figure 4a). The color change is caused by a
shift in the pH of the agar around the control well from 5.0
to >7.0. There is no color change around wells 1-6, since the
pH of the agar around the ethyl wells still remains 5.0, which
indicates the absence of growth of the bacterial culture due

a

b

to the suppression of cell growth with the antibiotics vanco-
mycin, chloramphenicol, gentamicin, tetracycline, ampicillin,
kanamycin (Figure 4a).

When experimenting with LB broth (pH 5.0) with the ad-
dition of bromocresol purple, a color change was also noted
in the control (without the addition of antibiotic) sample (Fig-
ure 4b). If the initial pH value in the LB-broth was 5.0, and
in the sample with the addition of gentamicin (tube 1 of Fig-
ure 4b) this pH value is maintained, then in the grown culture
without the addition of gentamicin (tubes 2 and 3 of Figure
4b) the pH rose to 7.99, which led to followed by the acqui-
sition of purple medium (tube 3 of Figure 4b).

The basis of microbiological test for the determination
of residual antibiotics, based on the principle of diffusion of
milk into agar, is a strain that must meet the following require-
ments: be as sensitive as possible to most antibiotics used in
veterinary medicine, be spore-forming, whose spores must
withstand temperatures exceeding 50°C, have the ability to
change the pH value in the process of physiological growth.
The listed signs are possessed by bacteria of the genus Bacil-
lus, whose representatives are susceptible to a number of an-
tibiotics [23-25]. For example the B. megaterium strain makes
it possible to detect 105 pg/L chlortetracycline, 100 pg/L oxy-
tetracycline, and 134 pg/L tetracycline within 5 hours [25] and
B. licheniformis can detect not only antibiotics, but also the
preservatives nisins and monolaurin [28].

Thus, strain B. licheniformis T7 is of considerable inter-
est as a test culture in the development of a microbiological
test for the detection of antibiotics in milk. Another strain,
B. stearothermophilus 953, which is sensitive to tetracycline,
aminoglycosides, erythromycin antibiotics and is particularly
sensitive to the 6 B-lactam antibiotic groups (penicillin-G, am-
picillin, amoxicillin, cloxacillinnin, cephalexin, cefazolin) and
changes colour when bromocresol purpuree is used, is de-
scribed in literature [12]. However, unlike B. licheniformis
T7, the colour change of B. stearothermophilus 953 is from
purple to yellow, as the initial pH of the medium is 7.2, and
after 3 hours of cultivation at 55-64 °C the pH of the medium
shifts to acidic and the colour changes to yellow. The authors
in [21] used B. stearothermophilus strain ATCC12980, which

a: 0-milk without any antibiotics; 1-6 milk with antibiotics: 1-Vn; 2-Chl; 3-Gn; 4-Tet; 5-Amp; 6-Kn, b: 1- bacterial culture with BCP
and Gn; 2-bacterial culture; bacterial culture with BCP

Figure 4 — Testing the milk with antibiotics - on Luria-Bertani agar (pH 5.0) copolymerized with B. licheniformis T7 strain cells and
stained with bromocresol purple (a) and Luria-Bertani broth (pH 5.0) (b)
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showed its relevance in determining 34 antibiotics in milk.
The strain B. stearothermophilus var. Calidolactis C953 was
used in the detection of antibiotics in sheep milk [22]. The dye
used in this test was brilliant black. B. subtilis strain BGA was
used in a microbiological test system for the detection of flu-
oroquinoline and sulphalamine antibiotics in sheep milk [29].

Thus, the basis for developing an inhibitory diffusion test
will be the B. licheniformis T7 strain, which has shown its
promise in this direction. The next stage of work will be the
study of spore formation of the strain, including the selection
of conditions for the rapid germination of spores, the deter-
mination of the sensitivity limit of spores to antibiotics, and
the development of a prototype test kit.

CONCLUSION

14 microbial isolates were selected from soil samples
collected in Zhambyl, Kyzylorda, Karaganda, Aktobe, Al-
maty, North Kazakhstan and Turkestan regions of Kazakh-
stan. Based on cultural and morphological features, proteomic
profile analysis and sequencing of 16S rRNA conserved lo-
cus fragment they were identified as B. licheniformis, B. son-
orensis, B. cereus, B. simplex, B. thuringiensis, B. pumilis, B.
mojavensis, B. subtilis, B. atrophaeus, B. paralicheniformis.
Sensitivity testing of the isolated strains showed high sensi-
tivity to the following antibiotics: clindamycin, rifampicin,
erythromycin, ciprofloxacin, tobramycin, tetracycline, peni-
cillin, streptomycin, and chloramphenicol. A study of strain
B. licheniformis T7 showed that the strain grows actively at
37-55°C, is alkaline, spore-forming and proteolytic. Experi-
ments using bromocresol purple showed that strain B. licheni-
formis T7 allowed visual detection of antibiotics in milk on
solid and liquid nutrient media. The results show the perspec-
tive of Bacillus licheniformis strain T7 to be used as a test cul-
ture in the development of a microbiological test for the de-
tection of antibiotics in milk.
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AHHOTAIUA

Hcnonb30Banue aHTHOMOTHKOB B JICUCHUH CEIILCKOXO3HCTBEHHBIX )KUBOTHBIX MMO3BOJIUIIO YBEIUYHUTE POAYKTHBHOCTh
MSICOMOJIOYHOTO JKHUBOTHOBOJCTBA. [10004HbIC ACHCTBUS aHTUMUKPOOHBIX MPEMaparoB MPEACTABISIIOT c000it 000pOTHYIO
cTopony ux sddexruBHoCcTH. HexxenarenpHbie 3hGEKThI SBISIOTCS IPHYMHON 00€CITOKOCHHOCTH MO MTOBOY TTOBCEMECTHOTO
HCTIONB30BAHMUS aHTHOHMOTHKOB M 00YCIIOBIHNBAIOT HEOOXOAUMOCTH KOHTPOJIS UX OCTATOYHOTO COMCPIKAHUSI B MOJIOYHOM MPO-
Jykiud. M3 06pasioB mouBsl, CoOpaHHbIX B 7 0bnacTsx Kasaxcrana, BeieneHo 14 H30/I5TOB MUKPOOPTaHU3MOB, KOTOPBIC ObLTH
UACHTUGUIMPOBAHBI Kak B. licheniformis, B. sonorensis, B. cereus, B. simplex, B. thuringiensis, B. pumilis, B. mojavensis, B.
subtilis, B. atrophaeus, B. paralicheniformis. YcTaHOBIICHa YyBCTBUTEIBLHOCTD BBIJICIICHHBIX ITAMMOB K 13 aHTHOMOTHKAM,
OTHOCSIIIIIMCSI K KJTACCaM JINHKO3aMHU/I0B, XHHOJIOHOB, MAKPOITH/IOB, (PTOPXUHOIOHOB, TETPAIIMKINHOB, HHITPOOCH3CHOB, aMU-
HOIJIMKO3U/IOB, TIIMKOTIENTH/IHBIX 1 OeTa-TaKTaMHBIX AaHTHOMOTHKOB U aHCAMUIMHAM. BecbMa HHTEPECHBIM MPE/ICTABIACTCS
npoTteonuTHueckuil mramm Bacillus licheniformis T7. Ultamum B. licheniformis T7 o0nanaet BEICOKON YyBCTBUTEIBHOCTHIO
K QaHTHOMOTHKaM, OBICTPO PACTET HA PA3IMYHBIX MUTATEIBHBIX CPEIaX, SBIACTCS aNKalO(QUIBHBIM U CIOPOOPA3YIONIHM, €r0
MOYKHO KYJIBTHBHPOBaTh 1pH Temreparype 37-55°C. CniocobHoCTh mTamMMa K n3menennto pH cpeast ot 5,0 1o 7,0 u BbIe
MO3BOJISICT UCTIOIB30BaTh OPOMKPE30JI MyPIYPHBIN B KAYECTBE NETEKTUPYIOIIETO POCT KPACUTENS, YTO OBLIO MOKA3aHO JKC-
MEPUMEHTAX C MCIIOIb30BAaHUEM 00pa3IoB MOJIOKa ¢ aHTHOMOTHKamu Ha JIb-arape u JIB-Oymsone ¢ pH 5.0. B ycnoBusix ot-
CYTCTBHUS HHTHOUPYIOIIUX POCT aHTUOMOTUKOB KyIbTypa B. licheniformis T7 neMOHCTPUPYET OOMIBHBII POCT, YTO BBI3BIBACT
emerenue pH 10 7.99 1 npUBOAMT K M3MEHEHHIO 1IBETA CPEbI ¢ GPOMOKPE30JI0M TTyPITyPHBIM C KENTOTO Ha MypIypHBIi. Pe-
3yNBTaThl HCCIICMOBAHMUS TIOKA3aIN MIEPCIICKTHBHOCTD mTamma Bacillus licheniformis T7 myis HCoNb30BaHuUsI B KadyecTBe Oak-
TePHANBHON KYIBTYPBI IPU pa3padoTke MHKPOOHOIOTHIECKOTO TECTa OMPEICICHUS] AaHTHOMOTHKOB B MOJIOKE.

KuroueBble c10Ba: MOJIOKO, aHTHOUNOTHK, OakTepusi, Bacillus licheniformis, 4yBCTBUTEIILHOCTh

CYTTEI'TAHTUBUOTHUKTEPAI AHBIKTAYFA APHAJIFAH MUKPOBHNOJIOTUAJIBIK CBIHAKTA
BACILLUS TYBICBIHBIH ITAMMIAPBIH BOJIIII AJ1Y, AHBIKTAY )KOHE KOJIJAHY
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TYIH

AybUI IIapyalIbUIBIFbIH/IAFbI JKAHyapIIap/ibl eMey/le aHTHOMOTHKTEPl KOJIaHy MaJl IapyallbUIbIFbIHBIH €T-CYT CaJlachl-
HBIH OHIMJIUIITIH apTTHIPAbL. AHTHOMOTHKTEP/IIH )KaHaMa dcepliepi oJap/IbIH THIMIUIITIHIH KeMILUIITT 0ok TaObLIaabl, oap-
JIbIH KEHIHEH KOJIJIaHbUTYbIHA AJIAHIAYIBLIBIK TY/bIPa/Ibl )KOHE CYT OHIMAEPIH/IeT aHTUOMOTHKTEP/IIH KaJbIKTAPbIH OaKbLIay
KaXKETTUIIrH TybIpajbl. KaszakcTaHHbIH 7 0OJIBICHIHBIH TONBIPAK YITUIEPIHEH MUKPOOPraHU3MIep/IiH 14 u3onsTrapsl OesiHin
anbIHBL, onap B. licheniformis, B. sonorensis, B. cereus, B. simplex, B. thuringiensis, B. pumilis, B. mojavensis, B. subtilis, B.
atrophaeus , B. paralicheniformis. beiHin ajqplHFaH IITAMMIAP/IBIH CE3IMTAIBIK CHIHAFBI, IITAMMIAPBIH JHHKO3AMH/I, aH-
CaMHUIMH, XUHOJIOH, MaKpOJIUJI, (PTOPXHUHOJIOH, TETPALMKIINH, HUTPOOSH30II, aMUHOIIIMKO3H I, IIIMKOIIEITH I XKOHEe OeTa-JlaK-
TaM bl aHTHOMOTHKTEPIHE JKAaTaThIH 13 aHTHOMOTHKKE Ce3IMTaNABIFbIH KopceTTi. Bacillus licheniformis T7 nporeonuTrka-
JIBIK [ITAMMBbI ChIHAK JaKbLIbl PETIHE MEepCIeKTHBAIbI 00JIbI KopiHei. B.licheniformis T7 mraMMbl aHTHOMOTHKTEPTE OTE
ce3iMTalI, OPTYPITi KOPEKTIK opTaiap/aa Te3 ece/i, CLITUII KoHe cropa Ty3yii, 37-55°C temneparypaia JakpUIIaHIbIpyFa 00-
nanel. ltamm opranbie pH mMoHiH 5,0-1eH 7,0 yoHe o/1aH )KOFapbIFa JIeiiH 03repTy epeKILeNiri, oCy/l aHbIKTalThIH OOSFbIII
perinze OpoMKpe30J KYJITiHIH KoaanyFa MyMKiHik 6epeai, o1 pH 5,0 JIb xone JIb-arap opranapbiaga aHTHOMOTHKTEP] Oap
CYT YJTUIepiH KOJNJaHaThIH TOKIpHOeIep/ie KopceTiireH. Ocyi TeXelTiH aHTHOMOTHKTep OonmaraH keszne B. licheniformis T7
JIaKbLIbI OenceHl Typae oceni, 0y pH moniHiH 7,99 kepceTKilliHe JIeliH bIFICYbIH TY/BIPaJIbl dKoHE OPOMOKPE30JIIbIH KYJITiH
TYCIHIH capblliaH KYJITiHre e3repyine okene/i. Hotmxkenep OolibiHINA, CYTTe aHTUOMOTHUKTEP/II aHBIKTAYFa apHaJIFaH MUKPOOHO-
JIOTHSTBIK CHIHAKTBI d3ipIieye OakTepusIIbIK 1aKel1 petinae Bacillus licheniformis T7 miraMMbIHBIH IEPCICKUBTITIH KOPCETTI.

Tyin ce3nep: cyt, antOMOTHK, Oakrepusi, Bacillus licheniformis, ce3iMTaIbIK
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