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Aim. Detection of antibiotic substances in samples of grain, extraction cake, and oilcake. Methods. The bioautography method using strains of Bacillus subtilis as test-microorganisms was used to study 102 samples
of feed substrates (corn, maize gluten, barley, wheat, sorghum, chaff, dust middling, sunÀower oilcake and
extraction cake, soybean meal, feed yeast and grains). Results. From one to four antibiotic substances, inhibiting the growth of B. subtilis and characterized by a wide range of values of chromatographic mobility index,
were detected in 95 % of samples of feed substrates. Average areas of the zones of absent growth of a testmicroorganism, corresponding to 2.5 g of the sample, were in the range of 52–217 mm2. Conclusions. It was
established that feeder grain and other feed substrates are highly contaminated with antibiotics which indicates
the necessity of their identi¿cation, search for contamination sources, study of prevalence and estimation of the
possible impact on the indices of health, performance and reproduction of farm animals and poultry.
Key words: grain, oilcake, extraction cake, antibiotics, bioautography.

INTRODUCTION
The list of maximally acceptable levels of undesired substances in animal feed and fodder in Ukraine
includes inorganic pollutants, nitrogen compounds,
mycotoxins, toxins of plant origin, chlororganic compounds, dioxins and microelements. The content of
coccidiostatics in the composition of pharmaceutical
products for veterinary use is speci¿ed in case when
they are not meant for animals [1]. At the same time
the European Union and a number of countries regulate
the content of antibiotics in feeds which are prohibited
for use as growth promoting agents [2]. Ukraine has
not got any restrictions on the content of antibiotics in
feeds therefore they are usually not indicated in the list
of feed ingredients.
In recent years there have been some communications informing that intentional introduction of veterinary antibiotics into fodder combination is not the
only way of contaminating the latter with the substances of antibiotic activity. It was determined that
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antibiotics may penetrate the agricultural soils with
the excrements of animals, fed with the fodder, produced with the addition of antibiotic as growth promoting agents or veterinary antibiotics, prescribed by
the veterinary physician [3, 4]. There are published
data proving that antibiotics, penetrating the soil from
organic fertilizers, may be consumed by the root system of agricultural crops and accumulated in different
tissues and organs, including grain [5]. It was determined that microbiocidal agents are capable of being
accumulated by plants, cultivated on the soil using
solid organic wastes, obtained in the process of purifying wastewater, as fertilizers [6, 7]. Besides, a potential source of antibiotic substances in feeds of plant
origin may be metabolites of symbiotic soil [8, 9] and
phytopathogenic bacteria [10].
This study was aimed at detecting antibiotics, active against sensitive strains of Bacillus subtilis, in the
samples of grain and vegetative feed for farm animals
and poultry.
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MATERIALS AND METHODS
During 2010–2014 102 samples of feed substrates
(corn, maize gluten, barley, wheat, sorghum, chaff, dust
middling, sunÀower oilcake and extraction cake, soybean meal, feed yeast and grains) from the combined
feed-processing plants, livestock enterprises and poultry farms of different forms of ownership from eight
regions of Ukraine were tested for the presence of antibiotic agents.
The sensitive strain of bacteria was selected out of
the strains of B. subtilis from the Museum of the Laboratory of poultry feeding and mycotoxicology of the
State Poultry Research Station NAAS of Ukraine, remarkable for even growth in the cultivation medium
and absence of sensitivity to mycotoxins, namely í aflatoxin ȼ1, Ɍ-2 toxin, ɇɌ-2 toxin, deoxynivalenol, fumonisin, zearalenone and aurofusarin. For this purpose
the sensitivity of strains of B. subtilis ap-2, sn-1, sn-2,
sn-3, sn-4 and sn-5 to antibiotics was tested using the
disk diffusion method. Such antibiotics as polymyxin
B, streptomycin, tetracycline, amikacin, carbenicillin,
cefepime, cefuroxime, cefalexin, cefalotin, cefotaxime,
chloramphemide, ciproÀoxacin, netiline, norÀoxacin,
oÀoxacin or perÀoxacin were applied on paper discs in
the amount of 5 to 300 g. The cultures of strains were
cultivated in Petri dishes in lawns using meat-and-peptone agar (MPA). The diameters of the delayed growth
zones around the disks with antibiotics were measured
and their values were ranged. The selection of the most
sensitive strain involved calculation of the rank sum,
the arithmetic mean value for the diameters of delayed
growth zones and the sensitivity to speci¿c antibiotics.

twice, shaken each time. After the phase distribution
the lower layer (chloroform) was isolated for further
analysis. The chloroform extracts were combined, 5 g
of anhydrous sodium sulfate was added for dehydration, shaken and kept for 10 min. The solution was ¿ltered, the ¿ltrate was evaporated. The dry residue was
dissolved in 1–2 ml of benzene, evaporated, and the
residue was dissolved in 100 ȝl of benzene.
The Sorb¿l slides for thin-layer chromatography
(TLC) (Imid Ltd, Russian Federation) were applied
10 ȝl of the extract of the investigated samples, chromatographed in the system of such solvents as ethyl
acetate:toluene (3:1, volume/volume) and dried.
To detect the antibiotic agents, the surface of horizontally placed chromatographic slides was applied
the melted MPA, which was inoculated with the suspension of a sensitive strain of B. subtilis. The slides
were kept in a wet chamber at 32°C for 16–18 h. No
growth of a test-microorganism on the slide testi¿ed to
the presence of an antibiotic agent in the sample. The
linear sizes of zones and the indices of their chromatographic motility (Rf) were taken into consideration.
RESULTS AND DISCUSSION
The investigated strains demonstrated different sensitivity to antibiotics (Table 1). B. subtilis strains sn-1,
sn-3 and sn-4 were insensitive to cefepime, and sn-1 –
to cefuroxime. B. subtilis strains ap-2, sn-2 and sn-5
demonstrated their sensitivity to each of the investigated antibiotics. B. subtilis strain sn-2 was characterized
with the the highest sensitivity to antibiotics both in
the average value of the diameter of zones of growth
inhibition, and in the rank sum, thus it was selected as
a test-microorganism for further studies.

To detect the antibiotic substances, 25 g of ground
grain or combined fodder was introduced into the conical 500 ml Àask with the addition of 20 ml of the aqueous NaCl solution (10 %, weight/volume) and mixed.
Then 120 ml methanol was added; the mixture was
shaken for 1 h and ¿ltered through a paper ¿lter. To precipitate protein admixtures, 100 ml of the ¿ltrate was
added to 20 ml of the aqueous solution of lead acetate
(15 %, weight/volume) and 30 ml of distilled water,
mixed and kept for 10 min. The mixture was ¿ltered;
120 ml of the ¿ltrate was transfered to the separation
funnel. To isolate the triglycerides, the ¿ltrate was
added to 40 ml of hexane and shaken; the lower watermethanol layer was isolated after the phase distribution.
The latter was added to 20 ml of hexane twice, shaken
each time, and the layer of hexane was isolated after
the phase distribution. Then the water-methanol extract
in the separation funnel was added 40 ml of chloroform

The antibiotic agents, capable of inhibiting the growth
of B. subtilis sn-2, were found in 95 % of the investigated samples of feed substrates (Table 2). Therefore, the
bioautographic method of applying the sensitive strain
of B. subtilis, sn-2, allows revealing the antibiotic substances with different chromatographic characteristics,
separating the mixture of several antibiotics and estimating the concentration in relative units of activity.
The bioautographic method of applying Escherichia
coli was previously used for the purpose of quantitative
determination of tabtoxin, mangotoxin and phaseolotoxin – Pseudomonas syringae metabolites, characterized with antibiotic activity [11]. It should be noted that
a considerable amount of P. syringae strains are phytopathogenic endophytic microorganisms, causing bacterioses of gramineous plants, due to which they may
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be the source of grain contamination with antibacterial
activity [12].
Most frequently, namely, in 46 % of cases, the samples
of grain and vegetable raw materials were simultaneously
contaminated with two substances, inhibiting the growth
of B. subtilis sn-2 (Fig. 1). Approximately 1.5 times less
frequently (i.e. in 29 % cases) there were samples, contaminated with only one antibiotic substance; almost 2.5
times less frequently – samples, contaminated with three
antibiotics at the same time. Only the extract of one in-

vestigated sample of barley caused four zones of delayed
growth of B. subtilis sn-2 on the slide for TLC. It is noteworthy that the distribution of frequencies of simultaneous detection of several antibiotic substances in one
sample corresponds to prevailing schemes of applying the
antibiotic as growth promoting agent individually and in
synergistic combinations [13, 14].
The investigated samples of grain and feed were remarkable for a wide variety of antibiotic substances
both by the index of chromatographic mobility and

Table 1. The sensitivity of six strains of B. subtilis to antibiotics
Diameter of zones of growth inhibition for B. subtilis strains, mm

Antibiotic,
ȝg/slide

ap-2

sn-1

sn-2

sn-3

sn-4

sn-5

Polymyxin B, 300
Streptomycin, 10
Tetracycline, 10
Amikacin, 10
Carbenicillin, 100
Cefepime, 30
Cefuroxime, 30
Cefalexin, 30
Cefalotin, 30
Cefotaxime, 10
Chloramphemide, 30
CiproÀoxacin, 30
Netiline, 30
NorÀoxacin, 10
OÀoxacin, 5
PerÀoxacin, 5
Arithmetic mean value
Rank sum

12
30
32
31
14
0
0
15
15
20
33
33
31
29
30
28
29.8
45

17
26
30
35
28
16
17
37
43
24
33
40
34
30
37
34
22.1
59

17
26
30
35
28
16
17
37
43
24
33
40
34
30
37
34
30.1
31

13
28
33
31
13
0
10
25
14
21
35
35
33
30
30
28
23.7
49

12
29
32
30
13
0
12
13
15
20
33
35
32
30
30
30
22.9
55

15
21
30
27
42
27
30
30
34
34
32
32
33
25
27
25
29
63

Table 2. Number of feed substrate samples with antibiotic substances in the extract

Feed substrate

Corn
Maize gluten
Barley
Wheat
Sorghum
Chaff
Dust middlings
SunÀower cattle cake, extraction cake
Soybean meal
Feed yeast, grains
Total
%
62

Total number
of samples
43
2
11
11
2
2
3
15
9
4
102
100

Samples with different amounts
of detected antibiotic agents
0

1

2

3

4

1
0
0
1
0
0
1
0
2
0
5
4.9

14
0
2
3
2
0
1
3
4
1
30
29.4

24
1
6
4
0
1
1
5
2
3
47
46.1

4
1
2
3
0
1
0
7
1
0
19
18.6

0
0
1
0
0
0
0
0
0
0
1
0.98
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the area of delayed growth zones (Fig. 2). Depending on the average area of zones of growth inhibition
with different Rf they can be divided for clarity into
four groups. It should be noted that the antibiotic substances with the rounded value of chromatographic
mobility index of 0.5 are remarkable for the highest
average value of the area of growth inhibition zones
of the test-microorganism í 217 mm2. Somewhat
lower areas (from 152 to 173 mm2) were registered
for the zones of antibiotic substances with rounded Rf
values of 0.3, 0.4 and 0.6. The third place in terms of
sizes of growth inhibition zones is taken by antibiotic
substances with Rf 0.1 and 0.2, the fourth – with 0.7
and 0.8, and the substances, remaining on the start of
the TLC slide.

Fig. 1. The frequency of simultaneous detection of several
antibiotics in different amounts

The results of the studies testify that the antibiotic
substances with the chromatographic mobility index of
0.5 and the substances, remaining on the start line in
the applied system of eluents are registered the most
frequently (Fig. 3). The occurrence frequency for these
antibiotic substances is 24 and 23 % respectively. The
antibiotics with Rf value of 0.1, 0.2, 0.3 and 0.4 were
registered with the frequency from 9 to 12 %, with Rf
0.6 and 0.7 – 6 %, and the least frequently í with Rf 0.8
(frequency of 0.5 %).
The detected antibiotic substances do not decrease
the wheat grain quality of rye, barley, triticale, corn,
oats, millet, not damaged by insects, fungi and bacteria.
They are different in their chromatographic mobility,
their capability of inhibiting the growth of test-microorganisms and sizes of zones of absent growth of testmicroorganisms (Fig. 4).
One of the ways of antibiotic substances penetrating into grain and secondary products of oil-seed crops
processing (oilcake and extraction cake) is through the
soil. Recent articles of different authors contain the
data on soil contamination by antibiotics for veterinary
purposes which penetrate the soil as a result of fertilizing the latter with the excrements of animals, who
were kept using antibiotic growth promoting agents
or using the schemes of treating the bacterial diseases,
presupposing treatment with veterinary antibiotics.
For instance, according to the data of Leal et al. [15],
30 % of samples of chicken excrements and 27 % of
soil samples from Brazil, Austria, China and Turkey
were contaminated with enroÀoxacin in average concentrations of 6.68 mg/kg and 22.93 ȝg/kg, respectively. The authors believe that the results obtained indicate
veterinary antibiotics to be a potential source of environment pollution, which has been ignored [15]. ReAGRICULTURAL SCIENCE AND PRACTICE Vol. 2 No. 1 2015

Fig. 2. The average area of zones of growth inhibition for
B. subtilis sn-2 with different values of Rf

Fig. 3. The frequencies of detecting antibiotic substances
with different values of chromatographic mobility

cently considerable efforts were taken to elaborate the
means for puri¿cation of soils and surface water from
contamination with sulfonamide antibiotics to prevent
the occurrence of resistant strains [16].
After veterinary antibiotics penetrate the environment, their further destiny is determined by three processes: adsorption by soil particles, biotransformation
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antibacterial activity – triclosan, triclocarban and carbamazepine, which are a part of hygiene products and
household cleaning products and contaminate soils due
to the introduction of products of wastewater cleaning
as fertilizers [21].

Fig. 4. The zones of absent growth of a test-microorganism
B. subtilis sn-2 in case of biography of extracts of barley
(Ⱥ) and wheat (B)

under the effect of enzymes of microorganisms and
bioaccumulation in plant tissues [17]. It was determined that the sorption of sulfadiazine, a veterinary
antibiotic, is described with non-linear equations and
depends on the level of acidity and type of soil. The
study of biotransformation parameters of this antibiotic testi¿ed that its half lifetime is in the range from
one to six months [18]. According to the experiment,
which lasted for 120 days, the periods of half lifetime
of erythromycin, oleandomycin, tylosin, tiamulin and
salinomycin in soil are 20, 27, 8, 16, and 5 days, respectively. The concentration of roxithromycin did not
change during the whole 120-day-period [4]. The results of these studies testify that veterinary antibiotics
are stable substances which may remain in soil for a
long time.

Then there is a question whether veterinary antibiotic preparations are the only potential source of
contamination of plant cultivation products with antibiotics. The substances with antibacterial and antifungal properties are known to be produced by symbiotic bacteria, present in rhizoplane and rhizosphere
of cultivated plants and in the root zone of soil [9]. It
is quite possible that such antibiotic substances may
be absorbed by the root system of plants and get accumulated in different tissues and organs, including
fruit and seeds.
One more possible source of antibiotic substances
in grain may be phytopathogenic and opportunistic
pathogenic endophytic bacteria. Recently there have
been some communications on the aggravation of
the problem of bacterioses of cultivated crops due to
wide-scale application of pesticides with fungicidal
activity to protect cultivated plants from fungal diseases [22]. It was determined that fungicides inhibit
the development of both fungi as pathogens and representatives of fungal saprotrophic soil microÀora.
Due to the emptying of ecological niches, previously
taken by saprotrophic fungi, namely, crop debris,
there is uncontrolled development of bacteria, a considerable part of which belongs to phytopathogenic
species.

It should be noted that the experiments, aimed at detecting antibiotics in soil, were conducted in the 50–60s
of the previous century to search for new antibiotic
substances and their producents. Novel studies, aimed
at detecting antibiotics in the soil, emphasize the detection of only veterinary antibiotics which penetrate soils
due to human economic activity [19]. The problem of
soil contamination with veterinary antibiotics raises
the question on the possibility of bioaccumulation of
these substances in plant tissues, including agricultural
crops. For instance, it was determined that such antibiotics as gentamicin and streptomycin are accumulated in the tissues of carrots (Daucus carota), lettuce
(Lactuca sativa) and radish (Rhaphanus sativus), in
addition, gentamicin, the molecular mass of which is
lower, has more expressed propensity for accumulation
[20]. Soybeans may accumulate the substances with

Phytopathogenic bacteria are capable of penetrating the transport vessels of plants and getting accumulated in grain, producing a wide spectrum of antibiotic substances and compounds, toxic to eukaryotic
organisms, including mammals. For instance, Pseudomonas syringae atrofaciens is an agent, causing
bacteriosis of barley endosperm, one of the consequences of which is the deterioration in quality of
grain and Àour [23]. An interseasonal factor of the
transmission of most agents of bacterial diseases of
gramineous plants is seeds, i.e. bacterial cells get accumulated in grain during its development and infect
the sprouts during the germination. It is quite probable that the products of bacterial synthesis, including antibiotics, also get accumulated in grain. It is
known that P. syringae is the producent of antibiotic substances, such as tabtoxin, phaseolotoxin and
mangotoxin, harmful both for bacteria [12] and for
mammals [24, 25].
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CONCLUSIONS
The data obtained testify to high frequency and considerable levels of grain contamination of gramineous
plants and secondary products of seed processing of
oil-seed crops with antibiotic substances, active against
B. subtilis strain, rather sensitive to a wide spectrum
of antibiotics. The differences in the indices of chromatographic mobility testify to a high variety of physical properties, and therefore, chemical structures of the
antibiotic substances revealed. The contamination of
grain and vegetative raw material with antibiotics is of
potential risk to the environment, health of farm animals and humans. Further studies are planned for the
identi¿cation of the detected antibiotic substances, the
investigation of their impact on the environment and
living organisms as well as determination of sources of
their penetration into grain and other tissues and organs
of cultivated plants.
ȼɢɹɜɥɟɧɧɹ ɜ ɡɟɪɧɿ ɿ ɤɨɪɦɚɯ ɚɧɬɢɛɿɨɬɢɤɿɜ,
ɚɤɬɢɜɧɢɯ ɜɿɞɧɨɫɧɨ Bacillus subtilis
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Ⱦɟɪɠɚɜɧɚ ɞɨɫɥɿɞɧɚ ɫɬɚɧɰɿɹ ɩɬɚɯɿɜɧɢɰɬɜɚ
ɇȺȺɇ ɍɤɪɚʀɧɢ
ȼɭɥ. Ʌɟɧɿɧɚ, 20, ɫ. Ȼɿɪɤɢ, Ɂɦɿʀɜɫɶɤɢɣ ɪ-ɧ,
ɏɚɪɤɿɜɫɶɤɚ ɨɛɥ., ɍɤɪɚʀɧɚ, 63421
2
ɇɚɰɿɨɧɚɥɶɧɚ ɚɤɚɞɟɦɿɹ ɚɝɪɚɪɧɢɯ ɧɚɭɤ ɍɤɪɚʀɧɢ
ȼɭɥ. ȼɚɫɢɥɶɤɿɜɫɶɤɚ, 37, Ʉɢʀɜ, ɍɤɪɚʀɧɚ, 03022
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Ɇɟɬɚ. ȼɢɹɜɥɟɧɧɹ ɚɧɬɢɛɿɨɬɢɱɧɢɯ ɫɭɛɫɬɚɧɰɿɣ ɭ ɡɪɚɡɤɚɯ
ɡɟɪɧɚ, ɲɪɨɬɚ ɿ ɦɚɤɭɯɢ. Ɇɟɬɨɞɢ. Ɇɟɬɨɞɨɦ ɛɿɨɚɜɬɨɝɪɚɮɿʀ
ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɲɬɚɦɿɜ Bacillus subtilis ɹɤ ɬɟɫɬ-ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɞɨɫɥɿɞɠɟɧɨ 102 ɡɪɚɡɤɢ ɤɨɪɦɨɜɢɯ ɫɭɛɫɬɪɚɬɿɜ
(ɤɭɤɭɪɭɞɡɢ, ɝɥɸɬɟɧɭ ɤɭɤɭɪɭɞɡɹɧɨɝɨ, ɹɱɦɟɧɸ, ɩɲɟɧɢɰɿ,
ɫɨɪɝɨ, ɜɢɫɿɜɨɤ, ɦɭɱɤɢ ɤɨɪɦɨɜɨʀ, ɫɨɧɹɲɧɢɤɨɜɨʀ ɦɚɤɭɯɢ
ɿ ɲɪɨɬɭ, ɫɨɽɜɨɝɨ ɲɪɨɬɭ, ɞɪɿɠɞɠɿɜ ɤɨɪɦɨɜɢɯ ɿ ɞɪɨɛɢɧɢ
ɩɢɜɧɨʀ). Ɋɟɡɭɥɶɬɚɬɢ. ɍ 95 % ɡɪɚɡɤɿɜ ɤɨɪɦɨɜɢɯ ɫɭɛɫɬɪɚɬɿɜ
ɜɢɹɜɥɟɧɨ ɜɿɞ 1 ɞɨ 4 ɚɧɬɢɛɿɨɬɢɱɧɢɯ ɫɭɛɫɬɚɧɰɿɣ, ɹɤɿ ɩɪɢɝɧɿɱɭɸɬɶ ɪɿɫɬ B. subtilis ɿ ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɲɢɪɨɤɢɦ
ɞɿɚɩɚɡɨɧɨɦ ɡɧɚɱɟɧɶ ɩɨɤɚɡɧɢɤɚ ɯɪɨɦɚɬɨɝɪɚɮɿɱɧɨʀ ɪɭɯɥɢɜɨɫɬɿ. ɋɟɪɟɞɧɿ ɩɥɨɳɿ ɡɨɧ ɜɿɞɫɭɬɧɨɫɬɿ ɪɨɫɬɭ ɬɟɫɬ-ɦɿɤɪɨɨɪɝɚɧɿɡɦɭ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ 2,5 ɝ ɡɪɚɡɤɚ, ɛɭɥɢ ɜ ɦɟɠɚɯ
52í217 ɦɦ2. ȼɢɫɧɨɜɤɢ. ȼɢɡɧɚɱɟɧɨ ɜɢɫɨɤɢɣ ɫɬɭɩɿɧɶ ɡɚɛɪɭɞɧɟɧɨɫɬɿ ɮɭɪɚɠɧɨɝɨ ɡɟɪɧɚ ɬɚ ɿɧɲɢɯ ɤɨɪɦɨɜɢɯ ɫɭɛɫɬɪɚɬɿɜ ɚɧɬɢɛɿɨɬɢɤɚɦɢ, ɳɨ ɜɤɚɡɭɽ ɧɚ ɧɟɨɛɯɿɞɧɿɫɬɶ ʀɯɧɶɨʀ ɿɞɟɧɬɢɮɿɤɚɰɿʀ, ɡɧɚɯɨɞɠɟɧɧɹ ɞɠɟɪɟɥ ɡɚɛɪɭɞɧɟɧɧɹ,
ɜɢɜɱɟɧɧɹ ɪɨɡɩɨɜɫɸɞɠɟɧɨɫɬɿ ɿ ɨɰɿɧɤɢ ɦɨɠɥɢɜɨɝɨ ɜɩɥɢɜɭ
ɧɚ ɩɨɤɚɡɧɢɤɢ ɡɞɨɪɨɜ’ɹ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɬɚ ɪɟɩɪɨɞɭɤɰɿʀ
ɫɿɥɶɫɶɤɨɝɨɫɩɨɞɚɪɫɶɤɢɯ ɬɜɚɪɢɧ ɬɚ ɩɬɢɰɿ.

Ɉɛɧɚɪɭɠɟɧɢɟ ɜ ɡɟɪɧɟ ɢ ɤɨɪɦɚɯ ɚɧɬɢɛɢɨɬɢɤɨɜ,
ɚɤɬɢɜɧɵɯ ɜ ɨɬɧɨɲɟɧɢɢ Bacillus subtilis
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ɐɟɥɶ. ȼɵɹɜɥɟɧɢɟ ɚɧɬɢɛɢɨɬɢɱɟɫɤɢɯ ɫɭɛɫɬɚɧɰɢɣ ɜ ɨɛɪɚɡɰɚɯ ɡɟɪɧɚ, ɲɪɨɬɚ ɢ ɠɦɵɯɚ. Ɇɟɬɨɞɵ. Ɇɟɬɨɞɨɦ ɛɢɨɚɜɬɨɝɪɚɮɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɬɚɦɦɨɜ Bacillus subtilis ɜ
ɤɚɱɟɫɬɜɟ ɬɟɫɬ-ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɢɫɫɥɟɞɨɜɚɧɵ 102 ɨɛɪɚɡɰɚ ɤɨɪɦɨɜɵɯ ɫɭɛɫɬɪɚɬɨɜ (ɤɭɤɭɪɭɡɵ, ɝɥɸɬɟɧɚ ɤɭɤɭɪɭɡɧɨɝɨ, ɹɱɦɟɧɹ, ɩɲɟɧɢɰɵ, ɫɨɪɝɨ, ɨɬɪɭɛɟɣ, ɦɭɱɤɢ ɤɨɪɦɨɜɨɣ,
ɩɨɞɫɨɥɧɟɱɧɨɝɨ ɠɦɵɯɚ ɢ ɲɪɨɬɚ, ɫɨɟɜɨɝɨ ɲɪɨɬɚ, ɞɪɨɠɠɟɣ
ɤɨɪɦɨɜɵɯ ɢ ɛɚɪɞɵ ɩɢɜɧɨɣ). Ɋɟɡɭɥɶɬɚɬɵ. ȼ 95 % ɨɛɪɚɡɰɨɜ ɤɨɪɦɨɜɵɯ ɫɭɛɫɬɪɚɬɨɜ ɨɛɧɚɪɭɠɟɧɵ ɨɬ ɨɞɧɨɣ ɞɨ ɱɟɬɵɪɟɯ ɚɧɬɢɛɢɨɬɢɱɟɫɤɢɯ ɫɭɛɫɬɚɧɰɢɣ, ɭɝɧɟɬɚɸɳɢɯ ɪɨɫɬ
B. subtilis ɢ ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯɫɹ ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ
ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɹ ɯɪɨɦɚɬɨɝɪɚɮɢɱɟɫɤɨɣ ɩɨɞɜɢɠɧɨɫɬɢ.
ɋɪɟɞɧɢɟ ɩɥɨɳɚɞɢ ɡɨɧ ɨɬɫɭɬɫɬɜɢɹ ɪɨɫɬɚ ɬɟɫɬ-ɦɢɤɪɨɨɪɝɚɧɢɡɦɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 2,5 ɝ ɨɛɪɚɡɰɚ, ɛɵɥɢ ɜ ɩɪɟɞɟɥɚɯ 52í217 ɦɦ2. ȼɵɜɨɞɵ. Ɉɛɧɚɪɭɠɟɧ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ
ɡɚɝɪɹɡɧɟɧɧɨɫɬɢ ɮɭɪɚɠɧɨɝɨ ɡɟɪɧɚ ɢ ɞɪɭɝɢɯ ɤɨɪɦɨɜɵɯ
ɫɭɛɫɬɪɚɬɨɜ ɚɧɬɢɛɢɨɬɢɤɚɦɢ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɯ ɢɞɟɧɬɢɮɢɤɚɰɢɢ, ɧɚɯɨɠɞɟɧɢɹ ɢɫɬɨɱɧɢɤɨɜ ɡɚɝɪɹɡɧɟɧɢɹ, ɢɡɭɱɟɧɢɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɫɬɢ ɢ ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɡɞɨɪɨɜɶɹ, ɩɪɨɞɭɤɬɢɜɧɨɫɬɢ ɢ
ɪɟɩɪɨɞɭɤɰɢɢ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɠɢɜɨɬɧɵɯ ɢ ɩɬɢɰɵ.
Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɡɟɪɧɨ, ɠɦɵɯ, ɲɪɨɬ, ɚɧɬɢɛɢɨɬɢɤɢ, ɛɢɨɚɜɬɨɝɪɚɮɢɹ.
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