
INTRODUCTION
The list of maximally acceptable levels of unde-

sired substances in animal feed and fodder in Ukraine 
includes inorganic pollutants, nitrogen compounds, 
mycotoxins, toxins of plant origin, chlororganic com-
pounds, 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 communica-
tions informing that intentional introduction of vet-
erinary antibiotics into fodder combination is not the 
only way of contaminating the latter with the sub-
stances of antibiotic activity. It was determined that 

antibiotics may penetrate the agricultural soils with 
the excrements of animals, fed with the fodder, pro-
duced with the addition of antibiotic as growth pro-
moting 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 sys-
tem of agricultural crops and accumulated in different 
tissues and organs, including grain [5]. It was deter-
mined that microbiocidal agents are capable of being 
accumulated by plants, cultivated on the soil using 
solid organic wastes, obtained in the process of puri-
fying wastewater, as fertilizers [6, 7]. Besides, a po-
tential 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, ac-
tive 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, sun  ower oilcake and extraction cake, soy-
bean meal, feed yeast and grains) from the combined 
feed-processing plants, livestock enterprises and poul-
try farms of different forms of ownership from eight 
regions of Ukraine were tested for the presence of an-
tibiotic agents.

The sensitive strain of bacteria was selected out of 
the strains of B. subtilis from the Museum of the Labo-
ratory of poultry feeding and mycotoxicology of the 
State Poultry Research Station NAAS of Ukraine, re-
markable for even growth in the cultivation medium 
and absence of sensitivity to mycotoxins, namely  af-
latoxin 1, -2 toxin, -2 toxin, deoxynivalenol, fu-
monisin, 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, cipro  oxacin, netiline, nor  oxacin, 
o  oxacin or per  oxacin 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-pep-
tone 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.

To detect the antibiotic substances, 25 g of ground 
grain or combined fodder was introduced into the coni-
cal 500 ml  ask with the addition of 20 ml of the aque-
ous 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 pre-
cipitate 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 water-
methanol 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 

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 dehydra-
tion, shaken and kept for 10 min. The solution was  l-
tered, the  ltrate was evaporated. The dry residue was 
dissolved in 1–2 ml of benzene, evaporated, and the 
residue was dissolved in 100 l of benzene.

The Sorb  l slides for thin-layer chromatography 
(TLC) (Imid Ltd, Russian Federation) were applied 
10 l of the extract of the investigated samples, chro-
matographed in the system of such solvents as ethyl 
acetate:toluene (3:1, volume/volume) and dried.

To detect the antibiotic agents, the surface of hori-
zontally placed chromatographic slides was applied 
the melted MPA, which was inoculated with the sus-
pension 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 chromato-
graphic motility (Rf) were taken into consideration.

RESULTS AND DISCUSSION

The investigated strains demonstrated different sen-
sitivity 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 investigat-
ed 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.

The antibiotic agents, capable of inhibiting the growth 
of B. subtilis sn-2, were found in 95 % of the investigat-
ed samples of feed substrates (Table 2). Therefore, the 
bioautographic method of applying the sensitive strain 
of B. subtilis, sn-2, allows revealing the antibiotic sub-
stances with different chromatographic characteristics, 
separating the mixture of several antibiotics and esti-
mating 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 phaseolo-
toxin – Pseudomonas syringae metabolites, character-
ized with antibiotic activity [11]. It should be noted that 
a considerable amount of P. syringae strains are phyto-
pathogenic endophytic microorganisms, causing bac-
terioses 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, con-
taminated 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 note-
worthy that the distribution of frequencies of simulta-
neous 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 re-
markable 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

Antibiotic, 
g/slide

Diameter of zones of growth inhibition for B. subtilis strains, mm

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
Cipro  oxacin, 30
Netiline, 30
Nor  oxacin, 10
O  oxacin, 5
Per  oxacin, 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 Total number 
of samples

Samples with different amounts 
of detected antibiotic agents

0 1 2 3 4

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

43
2
11
11
2
2
3

15
9
4

102
100

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). Depend-
ing 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 sub-
stances 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  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. 

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  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-micro-
organisms and sizes of zones of absent growth of test-
microorganisms (Fig. 4). 

One of the ways of antibiotic substances penetrat-
ing 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 fertil-
izing 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 enro  oxacin in average con-
centrations of 6.68 mg/kg and 22.93 g/kg, respective-
ly. The authors believe that the results obtained indicate 
veterinary antibiotics to be a potential source of envi-
ronment pollution, which has been ignored [15]. Re-

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 environ-
ment, their further destiny is determined by three pro-
cesses: adsorption by soil particles, biotransformation 

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

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
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under the effect of enzymes of microorganisms and 
bioaccumulation in plant tissues [17]. It was deter-
mined 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 antibi-
otic 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, re-
spectively. The concentration of roxithromycin did not 
change during the whole 120-day-period [4]. The re-
sults of these studies testify that veterinary antibiotics 
are stable substances which may remain in soil for a 
long time.

It should be noted that the experiments, aimed at de-
tecting 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 detec-
tion 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 anti-
biotics as gentamicin and streptomycin are accumu-
lated 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 

antibacterial activity – triclosan, triclocarban and car-
bamazepine, 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].

Then there is a question whether veterinary anti-
biotic preparations are the only potential source of 
contamination of plant cultivation products with an-
tibiotics. The substances with antibacterial and anti-
fungal properties are known to be produced by sym-
biotic 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 ac-
cumulated 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 dis-
eases [22]. It was determined that fungicides inhibit 
the development of both fungi as pathogens  and rep-
resentatives of fungal saprotrophic soil micro  ora. 
Due to the emptying of ecological niches, previously 
taken by saprotrophic fungi, namely, crop debris, 
there is uncontrolled development of bacteria, a con-
siderable part of which belongs to phytopathogenic 
species.

Phytopathogenic bacteria are capable of penetrat-
ing the transport vessels of plants and getting accu-
mulated in grain, producing a wide spectrum of anti-
biotic substances and compounds, toxic to eukaryotic 
organisms, including mammals. For instance, Pseu-
domonas syringae atrofaciens is an agent, causing 
bacteriosis of barley endosperm, one of the conse-
quences of which is the deterioration in quality of 
grain and  our [23]. An interseasonal factor of the 
transmission of most agents of bacterial diseases of 
gramineous plants is seeds, i.e. bacterial cells get ac-
cumulated in grain during its development and infect 
the sprouts during the germination. It is quite prob-
able that the products of bacterial synthesis, includ-
ing antibiotics, also get accumulated in grain. It is 
known that P. syringae is the producent of antibi-
otic substances, such as tabtoxin, phaseolotoxin and 
mangotoxin, harmful both for bacteria [12] and for 
mammals [24, 25].

Fig. 4. The zones of absent growth of a test-microorganism 
B. subtilis sn-2 in case of biography of extracts of barley 
( ) and wheat (B)
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CONCLUSIONS
The data obtained testify to high frequency and con-

siderable 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 chro-
matographic mobility testify to a high variety of physi-
cal 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 ani-
mals 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.
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