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ABSTRACT.
Mycotoxins, which are formed as a result of the vital activity of microscopic toxin-forming fungi, worsen the
properties of the grain mass, and can cause mycotoxicosis, if they enter the body of animals. During mycological
studies of feeds and grains, microscopic fungi Aspergillus fumigatus, Aspergillusniger, Fusarium graminearum
and Fusarium sporotrichioides were found in more than 37.2 % of the samples.
When mycotoxicological examination of grain mass samples obtained from agricultural enterprises of Ryazan
oblast, the following mycotoxins were revealed by the method of immuno-enzymatic analysis: zearalenone, T-2
toxin and deoxynivalenol (DON). The content of mycotoxin deoxynivalenol exceeded the maximum permissible
concentration (MPC).
Evaluation of sowing characteristics and morpho-physiological parameters of seedlings of agricultural crops was
performed in accordance with GOST-12040-84, using 50 seedlings for each variant in fourfold replication on the
third day of germination. This made it possible to identify the highest rate of germination energy in wheat
(Triticumaestivum), which met the requirements of the sowing standard (GOST R 52325-2005) of the sowing
grain. Fluorescent diagnostics, based on the ability of grain fluorescence under the influence of short-wave
ultraviolet rays, confirmed the viability of the kernels, as well as grain contamination with mycotoxins and fungi.
If the fungus affects only the shell of the grain, fluorescence may be absent, obviously, the damage of the embryo
is an indicator of discoloration.
During monitoring it was established that mycotoxicosis in animals have not been registered in Ryazan oblast
recently, despite the fact that gastrointestinal diseases take the leading place and the cause of such phenomena
may be mycotoxins, not previously identified in laboratory studies of the grain mass.
Keywords: mycotoxins, microfungi, mycotoxicosis, grain mass.

INTRODUCTION
Microscopic fungi which are parasitic on plants
are potentially dangerous for human and animal
health. They worsen the nutritional value of
grain raw materials and fodder, in addition, they
contaminate agricultural products with their

metabolites - mycotoxins, which are highly toxic
[1, 7, 9, 19].
Contamination of the grain mass and products of
its processing is possible at all stages of their
production,
storage,
processing
and
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transportation, it is not limited to the territory
and season [3, 10].
The reasons for the active development of toxic
fungi can be a variety of factors of abiotic and
biotic nature, including unfavorable weather
conditions, reducing the resistance of plants to
mold; plant damage by pests and diseases;
disturbance of crop rotations and inadequate
control of weeds. Most often, reproduction of
toxicogenic fungi is associated with late
harvesting, high humidity in the production and
storage of grain crops, violation of harvesting
and storage technology, the presence of injured
seeds and stressful kernels, and the formation of
sites of infection [2, 8, 10, 20].
Mycotoxins accumulate faster in small fractions
of grain than in large ones. To increase the
resistance of grain during storage, it is cleaned,
dried and ventilated, pests and rodents are
extirpated, the treatment with chemicals takes
place. However, during prolonged storage, even
the treated grain may be secondarily affected by
toxic strains of fungi, which in the new
conditions find the most favorable conditions for
their growth, development and accumulating
mycotoxins [2, 3, 4].
The damage from the use of grain contaminated
with mycotoxins is accompanied by a number of
negative consequences: reduction of the
nutritional value of the feed and the need for its
neutralization or disposal. Livestock enterprises
at the same time suffer significant losses from
mycotoxins, which consist of a decrease in the
protective functions of the body, an increase in
the incidence, culling or death of animals. As a
result, there is a drop in productivity and product
quality, a violation of reproductive functions, an
increase in sensitivity to infectious diseases, a
decrease in the effectiveness of vaccination, and
an increase in the cost of medical and preventive
measures. Highly productive animals, having
more intensive metabolic processes, react more
strongly to the presence of mycotoxins in the
feed [1, 10].
Mycotoxicosisare diseases with characteristic
signs: suddenness and mass of occurrence, a
short incubation period, the lack of
contagiousness. The variety of the clinical
picture and the severity of the disease are
Kondakova I.A., et al.

directly dependent on the degree of toxicity of
the metabolite, its quantity and the duration of
intake, the age of the animal, reactive
characteristics of various types of animals and
individual characteristics of the organism [1, 10,
16].
The range of negative effects of mycotoxins
during accumulation in the body is extremely
wide. They can cause such clinical signs as
depression
of
hematopoiesis,
bleeding,
hemorrhages in internal organs and skin (in
pigs), stomach ulcers, gastroenteritis, diarrhea,
necrosis of the skin and mucous membrane of
the oral cavity, impaired central nervous system,
abortions, mummification, depression of sexual
function [4, 5, 6, 17].
The most dangerous mycotoxins that accumulate
in the grain mass, feed and food products
include T-2 toxin, aflatoxins B1 and M1,
deoxynivalenol, patulin and zearalenone [11, 12,
13, 14, 15, 16, 18].
In addition to the listed mycotoxins, feeds can
contain ochratoxin A and rogh feed can have
roridin A. In Russia, fusariotoxins, T-2 toxin,
deoxynivalenol, zearalenone, aflatoxin and
ochratoxin [2, 7] are most important in terms of
distribution.
According
to
the
Department
of
Rospotrebnadzor, deoxynivalenol is the priority
pollutant for grain products.
The aim of the study is the morpho-physiological
and mycotoxicological evaluation of the quality
of seeds and the grain mass of various crops of
Ryazan oblast.
The scientific novelty of the expected results lies
in the fact that for the first time the morphofunctional reaction of seeds of various crops
infected with microscopic fungi will be
investigated, the presence of mycotoxins in the
grain mass will be determined and monitoring
studies of mycotoxicosis of farm animals in
Ryazan oblast will be initiated.
MATERIALS AND METHODS
The studies were conducted on the basis of the
Federal State Budgetary Educational Institution
“Ryazan Agrotechnological University Named
after P.A. Kostychev” (FSBEI HE RSATU),
SBI RO Ryazan Oblast Vet Laboratory, LLC
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"Test-Pushchino" and agricultural enterprises of
Ryazan oblast in the period from December
2017 to September 2018.
Twelve samples of the grain mass of agricultural
crops (wheat, barley, oats, peas and maize) from
agricultural enterprises of Ryazan oblast were
taken for investigations.
Evaluation of the sowing characteristics of
wheat, barley, oats seeds and morphophysiological parameters of their seedlings was
carried out in accordance with GOST-12040-84,
using 50 seedlings for each variant in fourfold
replication on the third day of germination.
Microscopy was performed with the help of a
light microscope.
The luminescent diagnostics was performed
using Wood lamp “Sapphire”, which transmits
ultraviolet radiation to the object under study
through a black uviol filter. Luminescent
analysis is based on the ability of an object to
fluoresce under the influence of short-wave
ultraviolet rays with a wavelength of 365 nm.
Primary or proper fluorescence occurs without
prior treatment of feed with any reagents. The
samples under study was viewed in a darkened
room.
Mycotoxicological studies were performed by
the method of immuno-enzyme analysis
according to the generally accepted method in
accordance with GOST 31653-2012, MU 517790, GOST 28001-88 for the presence of
mycotoxin T-2, aflatoxin B1, zearalenone,
mycotoxin
DON
(deoxynivalenol)
and
ochratoxin A.
For the monitoring of infectious diseases, an
analysis of journals of epizootic situation No. 3
and reporting documentation for Ryazan oblast
for 2010-2017 was carried out.
RESULTS AND DISCUSSION
In our studies, 12 samples of grain (barley,
wheat, oats, corn, peas) from different farms of
Ryazan oblast were studied to identify
mycotoxins and their producers, microscopic
fungi.
When evaluating the sowing characteristics of
seeds and morpho-physiological parameters of
seedlings of various agricultural crops (50
seedlings for each variant in fourfold replication
Kondakova I.A., et al.

on the third day of germination), it was found
that wheat germinating energy was 89 %, barley
52 % and oats 32 %, while the seeds of corn and
peas were not viable (Figure 1).
Germinating energy is not standardized by
GOST R 52325-2005, but this parameter is
important to characterize metabolic processes
occurring in the early stages of seed sprouting. It
has been established that seeds with high
germinating energy are more resistant to adverse
conditions during germination in field
conditions. Sprouts formed from seeds with high
germinating energy grow and develop faster and
are less damaged by diseases and pests [8].
The morphometric parameters of seedlings
reflect the intensity of growth processes, which,
in turn, depend on the activity of hydrolysis of
endosperm
storage
nutrients
entering
meristematical tissues of embryo roots and
sprouts. That is, more active decomposition of
reserve substances of the kernel causes a higher
level of growth processes [8].
Wheat (Triticumaestivum) had the highest
germinating energy among three crops and that
was 37 % higher than barley and 57 % higher
than oats. Thus, the wheat grain under study is
the seed grain, which is proved by fluorescent
diagnostics.

Figure - 1. Morphological and physiological studies
of the grain mass:1 - wheat, 2 - barley, 3 - oats, 4 corn, 5 - peas
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Of the 12 grain samples, 16.7 % were attributed
to sowing and, accordingly, 83.3 % to fodder
grain (without germinating seeds). The fodder
grain of the crops under study had up to 100 %
non-germinating grains, more damaged by fungi
and mycotoxins. Microscopic studies have
determined in the grain mass the fungi
Aspergillus fumigates (Aspergillus smoking),
Aspergillusniger
(Aspergillus
black),
Fusariumgraminearum (Fusarium cereal) and
Fusariumsporotrichioides.
When luminescent diagnostics of grain with
Wood lamp “Sapphire”, the samples under study
were viewed in a darkened room (Figure 2).

Figure 2. Fluorescent grain diagnostics: viable grains
- on the left, feeder grain - on the right

Luminescent analysis is based on the ability of
grain fluorescence under the influence of shortwave ultraviolet rays with a wavelength of 365
nm. The results of fluorescent diagnostics are
presented in Figure 3.

Figure 3. Results of fluorescent diagnostics, grain
luminescence: row 1 - bright lilac;

row 2 - weak lilac; row 3 - individual lilac grains
with predominance of brown; row 4 - mixed (lilac,
brown, black, orange, green, pink)

Analysis of the data of luminescent diagnostics
(Figure 3) shows that the excess of the first row
parameters with respect to the second one and
that of the third row with respect to the first and
second is reliable. The data of the fourth row
reliably exceed all other options. The
luminescence of the grain under study in 16.7 %
of cases was bright lilac, which may indicate
viable kernels, as healthy and full-value grain,
when viewed under the Wood lamp, fluoresces
with bright lilac light. 8.3 % of the grain
samples gave a weak lilac glow, in 25 % of the
samples there was a weak purple luminescence
of individual grains with some predominance of
brown grains, which may indicate a poor quality
of grain, the intensity of which is reduced
according to the degree of damage. In 50 % of
the grain samples there was lilac, greenish,
orange, pink, black luminescence. Many grains
were brown, which indicates the absence of
germinating seeds in the grain mass. It should be
noted that if the fungus struck only the shell of
the grain, fluorescence may be absent.
Obviously, the embryo damage is an indicator of
discoloration. Thus, the luminescent method
allows determining the toxicity of fungi and the
degree of grain infestation with fungi.
Microscopic fungi can produce different colors
when fluorescent diagnostics.
When studying the data of sanitary and
mycological parameters of fodders for 2017, 9.3
% of cases of fodder damage by fungi was
determined and 37.2 % positive results of them
accounted for the grain (Figure 4, 5)

Figure 4. Sanitary and mycological studies of fodders for 2017
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Figure 5. Positive results of sanitary-and-mycological studies of fodders for 2017

According to laboratory studies conducted in 2017, mycotoxins were not detected in 1,140 samples of
feed, grain, and pathological material from various farms in Ryazan oblast, despite the fact that
microscopic fungi were present in the feed. This may indicate that lab investigations deal only with a
limited number of mycotoxins. In 2018, mycotoxins were extracted from feeder grains: zearalenone was
found in ten samples of corn and T-2 toxin was found in one sample.
Zearalenone is a non-steroidal mycotoxin, its producers are the fungi of F. graminearum, F. culmorum
and F. verticilioides. Trichothecene-forming Fusarium species are also capable of synthesizing
zearalenone. Zearalenone acts in animals like estrogen, causes an increase in mammary glands, the genital
oedema, warps, and sterility. It is mutagenic, teratogenic (embryo toxic) and carcinogenic, and can cause
early puberty and changes in secondary sexual characteristics. The toxin is not destroyed during grinding,
heat treatment and fermentation [5].
The most extensive group of toxins aretrichothecenes, which are sesquiterpenoid compounds, intoxication
of which leads to damaging the gastrointestinal tract, cardiovascular and nervous systems. Trichothecene
toxins induce chromosomal changes, inhibit protein biosynthesis in eukaryotic cells. The use of grain
products contaminated with trichothecenes leads to the development of serious diseases [5, 15].
Trichothecenemycotoxins T-2 and DON, possessing neurotrophic properties, primarily affect the central
nervous system, cause hemorrhagic diathesis, arrest of hemopoiesis, severe damage to kidneys and liver
[3, 4, 5, 15].
T-2 toxin produces fungus F. sporotrichioides, which belongs to type A trichothecenes, which are more
toxic to warm-blooded animals than type B. T-2 toxin causes inflammation of the mucous membrane of
the gastrointestinal tract with areas of necrosis, suppresses the function of red bone marrow, causes
lymphopenia and thymus involution. When chronicity, a decrease in live weight gain is observed and
poultry also had some decrease in egg production and eggshell thinning [5].
As a result of mycotoxicological studies of 12 samples of grain crops using the method of immunoenzyme analysis (IEA) for compliance with the requirements: ТРТС 015/2011 Technical Regulations of
the Customs Union “On grain safety”, the results presented in Table 1 were obtained.

peasn=2
)

standard

corn(n=
2)

mg / kg
mg / kg
mg / kg
DON mg / kg

< 0.020
< 0.004
< 0.05
0.35

< 0.036
< 0.005
0.06
0.35

0.045
< 0.004
< 0.05
0.57

0.02
< 0.004
0.055
1.0

0.02
< 0.004
< 0.05
0.51

< 0.1
< 0.02
< 1.0
< 1.0

mg / kg

< 0.0020

0.032

< 0.0020

< 0.0020

< 0.0020

< 0.05

wheat
(n=4)

oats(n=
2)

MycotoxinТ-2
Aflatoxin B1
Zearalenone
Mycotoxin
(deoxynivalenol)
OchratoxinА

barley
(n=4)

Parameter

Unit of
measureme
nt

Table 1 - The degree of infection of the grain mass of various crops with mycotoxins
Grain samples under study

The content of the studied mycotoxins (mycotoxin T-2, aflatoxin B1, zearalenone, deoxynivalenol,
Kondakova I.A., et al.
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ochratoxin A) did not exceed the standards in 91.7 % of the samples of the grain mass of various crops.
Of these, mycotoxin T-2 was most extracted from oat samples, aflatoxin B 1 from wheat, zearalenone
from wheat,ochratoxin from wheat and deoxynivalenol from corn samples. A study using the immuneenzyme method allowed us to detect an increase in the MPC of mycotoxin - deoxynivalenol (DON) by
1.8 times in one sample of feeder grains (corn).
The main fungus, the DON producer, is F. graminearum which is the causative agent of Fusarium in
cereal crops. Deoxynivalenol refers to type B trichothecenes. It is highly toxic and has an
immunosuppressive effect. The main signs of animal intoxication are refusal of food, vomiting and
diarrhea, resulting in a decrease in live weight gain. Symptoms develop, when the content of DON in the
fodder is 2-4 mg per 1 kg of the fodder, and largely depend on the content of essential sulfur-containing
amino acids - methionine, cystine and tryptophan, which act as an antidote. Pathological changes in case
of DON poisoning are dystrophic and proliferative processes in the liver and kidneys, signs of catarrhal
inflammation of the mucous membrane of the stomach and small bowel [5].
When analyzing “Epizootic situation” journals and laboratory data for Ryazan oblast for 2010–2017,
mycotoxicoses in farm animals were not registered.
From reports on non-communicable animal diseases for 2010–2013, it follows that the gastrointestinal
diseases of farm animals lead among various non-communicable pathologies (Table 2).
Table 2 - Diseases of the digestive organs of farm animals
Diseases of the digestive system in%
Year
cattle
pigs
2010
32
50.5
2011
33.5
52
2012
32
48.8
2013
34.5
39.2
Total:
33
47.6

Diseases of the digestive system lead among noncommunicable pathologies of farm animals in
Ryazan oblast: from 32 % in cattle to 69.5 % in
small cattle. On average, among cattle, digestive
diseases account for 33 % of the entire noncommunicable pathology, which is in fact 14.6 %
lower than in pigs and 19.5 % lower than in small
cattle. Among animals with diseases of the
digestive system, the highest incidence is
observed in small cattle and that is from 40.2 to
69.5 %.
The largest number of animals with diseases of
the digestive organs among cattle and small cattle
was registered in 2013 and in pigs in 2011, which
is associated with disturbances in their feeding,
and possibly in many cases due to damages of the
grain mass by mycotoxins and their producers,
microscopic fungi, which later enter the fodders
for animals.
Grain mass mycotoxins can cause diseases of
animals, but when analyzing "Epizootic
Situation" journal and laboratory data for Ryazan
oblast for 2010–2017, mycotoxicoses in farm
animals were not registered, despite the fact that
Kondakova I.A., et al.

small cattle
40.2
40.9
59.2
69.5
52.5

gastrointestinal diseases and abortions were
found in animals. Many livestock and farm
enterprises, even in the case of diseases of the
digestive system in animals, do not have any
studies of feeder grain and pathological material
for the presence of mycotoxins.
In vivo, T-2 toxicoses are often observed in cattle
and small cattle often grazed on the same pasture,
regardless of gender, age and breed. Young
animals are more susceptible to T-2 toxicoses
than adults. Depending on the degree of the
fungus toxicity and the amount of food eaten, the
mortality from the disease ranges from 30 to 100
% [1, 3, 4, 10].
Thus, the identification of mycotoxins in cereal
masses in 8.3 % of samples and the absence of
officially registered mycotoxicosis of animals,
may indicate that lab investigations consider only
the most common mycotoxins and not all farms
examine feeder grain and pathological material
for mycotoxicosis, which is consistent with data
from other authors.
CONCLUSIONS
Based on the conducted studies to evaluate
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sowing qualities and morpho-physiological
parameters of seedlings and grain mass of three
crops (barley, wheat, oats), the highest
germinating energy was determined in spring
wheat (Triticumaestivum) - 89 % (sown grain).
The rest of the grain samples were attributed to
the feeder grain.
Seeds with high germinating energy are more
resistant to adverse factors in the field, and their
seedlings grow and develop faster, less damaged
by pests and become ill.
Luminescent diagnostics, using Wood's lamp
"Sapphire", revealed the viability of kernels of
five types of agricultural crops (barley, wheat,
oats, peas, corn), as well as the contamination of
grain with mycotoxins and fungi.
Healthy and viable grain (wheat) fluoresced with
bright lilac light in 16.7 % of cases, the rest ones
had faint lilac with the presence of greenish,
orange, pink, black luminescence and with a
predominance of brown grains, which makes it
possible to judge the poor quality of grains and
the absence of germinating seeds in the grain
mass. Obviously, the damage of the embryo is an
indicator of discoloration.
According to laboratory data, by the method of
immuno-enzyme
analysis,
the
following
mycotoxins are found in the feeder grain:
zearalenone, T-2 toxin (trichothecenes type A)
and deoxynivalenol (trichothecenes type B).
Producers of type Atrichothecenes are species of
microscopic fungi of F. sporotrichioides, which
are considered more toxic for warm-blooded
species. The formation of type B trichothecenes
is characteristic of F. graminearum.
The presence of mycotoxins in feeder grain
represents a real danger to the health,
productivity and reproductive functions of farm
animals and some potential danger for humans.
These mycotoxins cause damage to the
gastrointestinal tract and the reproductive system
of animals.
When monitoring infectious and non-contagious
diseases among productive animals of Ryazan
oblast, it has been established that in recent years
mycotoxicosis has not been registered, despite
the fact that gastrointestinal diseases take the
leading position among non-communicable
pathology (from 32 to 69.5 %).
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Identifying mycotoxins in 8.3 % of the grain
mass samples and the absence of officially
registered mycotoxicosis in animals, may
indicate that lab investigations deal only with the
most common mycotoxins and not all farms
studying their feeder grain and pathological
material for mycotoxicosis.
This
predetermines
ensuring
permanent
monitoring of the infection status of feeder
grains, and for this purpose, the need for regular
veterinary and phytosanitary control, which is the
base for the animals' health and quality products.
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