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AFLATOXINS AS NATURAL CONTAMINANTS OF IMPORTANT
AGRICULTURAL COMMODITIES

O. M. SHVETS, M. M. BARANOVSKY
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The article shows analyzes of the current scientfata that relate to the
biological properties of aflatoxins as dangeroustexicants, nature and patterns of
distribution of the main producing mycotoxins fyngpxic effects and action
mechanisms of toxins on human and animal organidrhese data suggest that
environmental contamination by these pollutantgjrtikoncentration in phytogenic
foods and feed raw materials poses a potential fth#a human health, leading to
the losses due to high morbidity and mortality ieédtock animals. Therefore, the
study of bioaccumulation process and further dgualent of aflatoxins management
system are urgent questions of modern science.
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Introduction. Mycotoxins are the most dangerous for human anaharealth
natural ecotoxicants. The results of the assessmoantied out by the UN
Commission on Nutrition (FAO), nearly 25 % of thend grain harvest annually
contaminated by the mycotoxins — metabolic by-potslwf microscopic fungi [1].
They are ubiquitous, can contaminate food or feedl atages of production, storage,
transport and realization. According to presentvkedge, it is allocated about 250
species of microscopic fungi that produce near Rdds of mycotoxins; a lot of
them of them cause nutritional acute and chronmteosis of animals and humans,
lead to a reduction of livestock animals, causenharhuman health, as well as cause
damage as a consequence of reduction of cropsbkuifar exports. However,

mycological analysis shown that livestock feed frdifferent regions of Ukraine
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infected byMyxomycetedlifferent generaFusarium (26 %), Aspergillus(21,5 %),
Penicillium (18 %), Alternaria (12 %) and others [2]. Such complex analysis of
samples of feed raw materials, which was held atitistitute of Poultry NAAS for
eight years, showed that from 399 samples 214 eithvere contaminated by
different types of mycotoxins [3].

The currently known microscopic fungi are fungitbé genusAspergillusand
they are of greatest biologist’s interest, in matar A. flavus which emit hazardous
for animals and humans mycotoxins: aflatoxins B, G,, G,, M4, etc. These natural
ecotoxicants have immune suppressive, mutagenmatotgenic effects, they reduce
the total resistance of the organisms, encouragewre liver diseases and kidney
failure [4].

Natural expansion of microscopic fungi that prodwdtatoxins in different
regions of Ukraine, is not investigated enough @&ncdhakes difficult to forecast
occurrence of acute and chronic aflatoxicosis imém and animal organisms. For
the development of prophylactic and preventive mess for different agricultural
zones of Ukraine, it is first necessary to note ilationships of toxigenic strains
with living cycle of host plants, study the patterof bioaccumulation and natural
conditions that contribute to contamination.

Aflatoxins consist of a group of approximately 2@®lated fungal
metabolites, although only aflatoxing,B,, G,, G, and M, are normally found
in foods. Aflatoxin B is the dihydro derivative of the parent compound.
Aflatoxins B, and B are highly toxic secondary metabolites of micrgecdungi
A. flavus which formed on various food products, food rawtenial and feed
almost universally, most often in large quantitiegpeanuts, corn, cotton seeds
[5].

Aflatoxins B, and B - lethally danger mycotoxins, that belong to class
polyketides. Their main wide-spread producer isftimgusA. flavus which grows
on grain, seeds and fruits of plants with high amid other substrates. Of all the
naturally produced toxins aflatoxin is the mostdtepancerogenic that found today.

Proved that the maximum allowable safe levels ofahyxins are not exist, even the
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smallest amount in their products have a negatiffecte and can graduall
accumulate in living organisn

Aflatoxins are possessed the high stabilnd retain their biological activity |
contaminated substrate for a long time. Thesemdilas come with feed in anim
organisms, cause severe disease mycotoxicosistimgsn decline of productivity o
livestock animals. Finished procts contaminate with the toxin ar also dangerous
to humans. Therefore the problem of inactivationafthtoxins and disinfection «
food raw materials and food is one of the most nirge Ukraine

Aflatoxins B, and E, are highly toxic secondary metabolites of micrqic
fungi A. flavus which formed on various food products, food raatenial and fee
almost universally, most often in large quantitrepeanuts, corn, cotton see

Elucidation of the biosynthesis of aflatoxins A. flavus and related fungi,
without doubt, represents an important (becausbeopractical significance of the
toxins) and difficult problem, the difficulty is @uto the structural features
aflatoxins as a highly modified derivatives of girecursrs, aswell as their toxicity.
According to the chemical structuaflatoxins arecoumarines (fig. - [4, 6].

| |
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Bli Cleuo Mol. wt: 312.3 B:: C17H1406 Mol. wt: 314.3

Fig. 1. Structures of naturally occurring aflatoxins

Aflatoxins are crystalline substances, freely soluble in mateéy polar solvent
such as chloroform, methanol and dimethyl sulfoxaed dissolve in water to tl
extent of 1020 mg/litre. They fluoresce under UV radiati

Crystalline aflatoxins are extremely ble in the absence of light a

particularly UV radiation, even at temperaturesexcess of 100 °C. A solutic
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prepared in chloroform or benzene is stable forg/d&ept cold and in the dark. The
lactone ring makes them susceptible to alkalinerdlydis, and processes involving
ammonia or hypochlorite have been investigated aans for their removal from
food commodities, although questions concerning tthecity of the breakdown
products have restricted the use of this meansagfi@ting aflatoxins from food and
animal feeds. If alkaline treatment is mild, adhtion will reverse the reaction to
reform the original aflatoxin. In acid, aflatoxin B converted to aflatoxinBand G

by acid catalytic addition of water across the deddomnd of the furan ring. Oxidising
reagents react and the molecules lose their floeree properties. Some important

physical and properties of the aflatoxins are givetie table 1. [7].

Table 1
Physical properties of aflatoxins
Aflatoxin | Molecular | Molecular Melting UV absorbtion max (e),
formula weight point, °C nm, methanol
265 360—-362
B C17H1206 312 268-269 12,400 21,800
B, C17H1406 314 286—-289 12,100 24,000

They can be oxidized and gaseous chloride, chlatioeide, nitrogen dioxide.
Major role in the oxidation of aflatoxins;,B5,, M; has a double bond in the terminal
furan ring. Aflatoxins are destroyed by ionizingliegion.

Most susceptible to aflatoxin contamination of pgawcotton seed and corn. In
significant amounts, they accumulate in variousshespecially in Brazilian and
pistachio, oilseed, wheat, rice, in compound femdfarm animals. Contamination
can occur not only during storage but also durimgggrowing season.

Ecology of aflatoxin producing fungi

The aspergilli have always been a factor in thedmemvironment. Micheli was
the first to distinguish stalks and spore heads,itowas not until the middle of the
19" century that these fungi began to be recognizedhcive agents in decay
processes, as causes of human and animal disehss d@rmenting agents capable

of producing valuable metabolic products [5, 7].
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The genudspergillus a member of the phylusscomycotaincludes over 185
known species. To date, around 20 of them have begorted to cause harmful
infections in humans and animals. Perhaps the mfashous species in this genus is
A. flavus Next to Aspergillus fumigatusit is the second most common cause of
invasive and non-invasive aspergillosis in humamnsl @animals; and in some
geographic areas it is the leading causative dgemispergillosisA. flavusproduces
many secondary metabolites including aflatoxing thost toxic and most potent
carcinogenic natural compounds that cause aflatsigcand induce cancers in
mammals. In addition, it is a weak and opportuaipithogen of many crops (corn,
cotton, peanuts, and treenuts) and contaminates \thth aflatoxins. This ubiquitous
mold not only reduces vyield of agricultural cropst lblecreases the quality of the
harvested grains. Due f flavusinfection to the crops and aflatoxin contamination
in grains, hundreds of millions dollars are lostthe U.S. and world economy
annually. In natureA. flavusis one of the most abundant and widely distribsied
borne molds and can be found anywhere on earth.dtsaprophytic fungus that is
capable of surviving on many organic nutrient seartike plant debris, tree leaves,
decaying wood, animal fodder, cotton, compost pildsad insect and animal
arcasses, outdoor and indoor air environment @mtilation system), stored grains,
and even human and animal patients. Its optimajador growth is at 28 — 37 °C
and can grow in a wide range of temperatures fr@niol48 °C. The heat tolerance
nature contributes to its pathogenicity on humams @her warm blooded animals.
The fungus mostly exists in the form of myceliumagsexual conidia spores (fig. 2)
[9]. Under adverse conditions such as dry and poagtrition, the mycelium
congregates to form resistant structures calledratth. The fungus over-winters
either as spores or as sclerotia. The sclerotimigate to form new colonies when

growth conditions are favorable [8, 9].



Fig. 2. Mlcroscoplcal view of conidia ofA. flavus mold, with the budding

conidiospores and the releasing conidia (x400)

Like other Aspergillus species,A. flavushas a worldwide distribution. This
probably results from the production of numeroubane conidia, which easily
disperse by air movements and possibly by insefits 8) [8]. Atmosphere
composition has a great impact on mould growthhwvitmidity being the most
important variableA. flavusgrows better with water activity (aw) between 088l
0.96. The optimum temperature #r flavusto grow is 37 °C, but fungal growth can
be observed at temperatures ranging froml2 to 48 S@h a high optimum
temperature contributes to its pathogenicity in aom([8, 10].
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Fig. 3. Life cycle ofA. flavus
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Contamination of aflatoxins can occur during the-@nd post-harvest stages of
food production when the environmental conditions suitable for mould growth.
The key environmental factors are temperature, wateailability (g) and
atmospheric  composition such as presence ef a@d CQ, environmental
temperature, moisture and humidity on the mold gnoand subsequent production
of aflatoxin and found that higher mold growth afthtoxin contamination occurred
at 90 % humidity with 32 °C temperature in wetigstins (12,3 % moisture) [10].

Temperature. Temperature is one of the key enviemtah factors that play a
critical role in the growth of molds. Temperatuas8, 11, 15, 28 and 32 °C were
tested, and 28 °C was found the most favorable eeatypre for aflatoxin production.
It is founded that the best temperature for aflexgxoduction byA. flavuswas
30 °C but no toxin production was observed at 10 Atcording to Sanchis and
Magan,A. flavusgerminates and grow over a wider range of temperdhan that for
growth, with the aflatoxin production range narrowikan that for growth. The
optimum condition for the growth of these species found to be 35 °C and 0.95 a
while that for aflatoxin production was found to 2&°C and 0.99,a Experimentally
it is cultured three strains of aflatoxigenic fungm rice and examined that all
synthesized aflatoxin at 25 to 34 °C. Productiomaftibxins byA. flavuswas highest
at 30 ° C. FouAspergillussectionFlavi isolates were reported to produce aflatoxins
optimally at 20 to 35 °C but minimally at 10 or 4C on substrates of shelled
peanuts, rice and cottonseed. Shih and Marth meghaftat maximum aflatoxins
production took place at 25 °C, whereas 35 °C waserwed most suitable for
maximal fungal growth. Under high water activitgetbest temperature for aflatoxin
production byA. flavusvaried from 13 to 31 °C. In a solid-state fermentassava,
A. flavusproduced aflatoxin at 35 °C. High temperature wmught stress reduces
phytoalexin production which result in the crakiofypistachios hull or the maize
kernel integrity is lost due enhanced “silk cuthelnaturally senescing crop parts
such as blossoms, petioles or silks are very pitonéungal infection in such

conditions [8, 9].
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Water activity. Water activity (@) has a primordial influence on the fate of
mycofloral population harbored by a food. The commmethods for controlling
water activity in food are sun or air drying, freeg and addition of salt or sugar.
Water activity is defined as the ratio of the mrtvapor pressure of water in
equilibrium with a food to the partial saturatioapor pressure of water vapor in air
at the same temperature. It is a measure of thgestate of HO in the commodity,
and hence represents the potential of free waterctoas a solvent, contribute in
biochemical reactions and support the growth ofro@yanisms. This parameter
plays a critical role in forecasting the safety atdbility of food with respect to
microbial growth, rates of deteriorative reactiarsd physico-chemical properties.
The relationship between aw and moisture conterdiftérent cereals is given in
Table 2 [11].

Table 2
Relationship between moisture content (wet weightasis, %) and water

activity (a,,) for some key cereals at 25 °C

ay Moisture content (%)
Maize Wheat Sorghum Rice Groundnuts
0,98 30,0-32,0/ 30,0-34,0 31,0-32|0 26,0-28,0 18,0-1
0,95 26,0-27,0 26,0-28,0  26,0-27/0  23,0-24,0 15,5-1
0,90 23,0-24,0 21,0-22,0  22,5-23|0  20,0-21,0 13,51
0,80 16,0-17,0 16,0-17,0 18,0-19,0 17,0-18,0 9,0-10
0,70 15,0-16,0 14,0-14,5 16,0-17,0 14,0-14,5 M00-8,

Optimum conditions for aflatoxins production arevater activity in excess of
0.85 aw and a temperature of 27 °C; conditions whie frequently encountered in
the Mediterranean regions. In a study conductedkbghler, A. flavus produced
maximum aflatoxins at,aof 0,95-0,96 @ and temperatures of 21 and 30 °C. In
another study, it is founded a direct relationshgiween moisture and aflatoxin
contents in maizeA. flavusproduced maximum amount of aflatoxin at 0,996 la

can be concluded from the preceding discussion pinatiuction of afltoxin is
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generally highest at relatively high water actesti Under high humidity, initially dry
seed absorbs moisture content and provide conditiavorable for fungal attack.
Temperature and substrate moisture content areethéactors that dictate the extent
of contamination. Conditions supporting the growfttaflatoxigenic fungi have been
described repeatedly in literature [8, 11].

Atmospheric composition. The atmospheric compasitmarticularly lower
partial pressure of oxygen £0and increased partial pressure of carbon dioiia)
have a critical role in the toxigenesis of fungiflatoxin production by molds on
peanut was moderately reduced between 21 and 5, #uOwas practically inhibited
when the concentration was below 1 %. Elevated &G-75 % completely stopped
the growth of mycotoxins producing molds in paljiaried grain. It is founded that
aflatoxin levels on peanut decreased with incrgasomcentration of COprovided
that if other conditions are kept constant. Epstested the effects of controlled
atmosphere viz. 10 % GQL1,8 % Q and 88,2 % Mhlon toxin production by. flavus
against air 0,0314 % G020,94 % Q@ and 78,084 % Nin liquid medium and
cracked corn. They observed that less toxin wadywmed in the controlled
atmosphere i.e. lower and higher CQcontent. Scientists examined the influence
of CO, and ethylene on the aflatoxins production in Geofgreen peanuts. It was
examined that COrepressed aflatoxin synthesis over a narrow dasge. Modern
methods for storing agricultural products are basedhe principle of limited ©
supply. A maximum of 212 mg liter-1 was produced® ®00 ml min-1 aeration, but
the yield decreased significantly at the lower tenarates. In all cases where spore
germination occurred, aflatoxin was formed in thétures with air flow, but no
production of aflatoxins took place in the abseotair [11]. Supply of traces of O
and addition of vitamin B gave an approximatelyefin-fold increase in the amount
of aflatoxin in two days. C@delayed aflatoxin production on the medium eveenvh
vitamin B was present [8].

Effects of aflatoxins on human and animal health

Effect on human healtiHumans are exposed to aflatoxins by consuming food:

contaminated with products of fungal growth. Sucipasure is difficult to avoid
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because fungal growth in foods is not easy to prevEven though heavily
contaminated food supplies are not permitted in nierket place in developed
countries, concern still remains for the possildeesse effects resulting from long-
term exposure to low levels of aflatoxins in thedasupply [12]. Evidence of acute
aflatoxicosis in humans has been reported from n@arys of the world, namely
countries, like Taiwan, Ouganda, India, and manpe The syndrome is
characterized by vomiting, abdominal pain, pulmgnadema, convulsions, coma,
and death with cerebral edema and fatty involveroéiie liver, kidney, and heart.
Conditions increasing the likelihood of acute afiatosis in humans include limited
availability of food, environmental conditions th&tvour fungal development in
crops and commodities, and lack of regulatory sgstéor aflatoxin monitoring and
control [5, 12].

The expression of aflatoxin related diseases indamsrmay be influenced by
factors such as age, sex, nutritional status, anddocurrent exposure to other
causative agents such as viral hepatitis (HBV) anagite infestation. Ingestion of
aflatoxin, viral diseases, and hereditary factoavehbeen suggested as possible
aetiological agents of childhood cirrhosis. There avidences to indicate that
children exposed to aflatoxin breast milk and dietdems such as unrefined
groundnut oil, may develop cirrhosis [7]. Malnotesl children are also prone to
childhood cirrhosis on consumption of contamindtexti. Several investigators have
suggested aflatoxin as an etiological agent of Reggndrome in children in
Thailand, New Zealand etc. Though there is no amnt evidence as yet.
Epidemiological studies have shown the involvemanaflatoxins in Kwashiorkor
mainly in malnourished children. The diagnostictéieas of Kwashiorkor are edema,
damage to liver etc. These out breaks of aflat®gcm man have been attributed to
ingestion of contaminated food such as maize, giounetc. Hence it is very
important to reduce the dietary intake of aflatexby following the procedures for

monitoring levels of aflatoxins in foodstuffs [13].
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Effects on animalsThere are differences in species with respect t@r th
susceptibility to aflatoxins, but in general, mastimals, including humans, are
affected in the same manner.

Acute toxicity is less likely than chronic toxicitystudies have shown that
ducklings are the species most susceptible to gooigoning by aflatoxins. The
LD50 of a day old duckling is 0,3 mg/kg bodyweidhL The principal target organ
for aflatoxins is the liver. After the invasion eafflatoxins into the liver, lipids
infiltrate hepatocytes and leads to necrosis arlieell death. The main reason for
this is that aflatoxin metabolites react negatiwelith different cell proteins, which
leads to inhibition of carbohydrate and lipid metitdm and protein synthesis. In
correlation with the decrease in liver functionerh is a derangement of the blood
clotting mechanism, icterus (jaundice), and a deszein essential serum proteins
synthesized by the liver. Other general signs lat@ficosis are edema of the lower
extremities, abdominal pain, and vomiting [12, 14].

Animals which consume sub-lethal quantities of taftan for several days or
weeks develop a sub acute toxicity syndrome wharhmonly includes moderate to
severe liver damage. Even with low levels of aftats in the diet, there will be a
decrease in growth rate, lowered milk or egg prtdo¢c and immunosuppression.
There is some observed carcinogenicity, mainlyteeldo aflatoxin B. Liver damage
iIs apparent due to the yellow color that is chamastic of jaundice, and the gall
bladder will become swollen. Immunosuppression g do the reactivity of
aflatoxins with T-cells, decrease in Vitamin K attes, and a decrease in phagocytic
activity in macrophages [14].

Aflatoxins are inhibitors of nucleic acid synthesiscause they have a high
affinity for nucleic acids and polynucleotides. Vladtach to guanine residues and for
nucleic acid adducts. Aflatoxins also have beewshtm decrease protein synthesis,
lipid metabolism, and mitochondrial respiration.[They also cause an accumulation
of lipids in the liver, causing a fatty liver. This due to impaired transport of lipids
out of the liver after they are synthesized. Thaads to high fecal fat content.

Carcinogenisis has been observed in rats, duck, tnout, and subhuman primates,
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and it is rarely seen in poultry or ruminants. Trate the most susceptible. In fact,
1ppb of aflatoxin Bwill cause liver cancer in trout. Carcinogenistsars due to the
formation of —8,9-epoxide, which binds to DNA aritkes gene expression. There is
a correlation with the presence of aflatoxins araeased liver cancer in individuals
that are hepatitis B carriers [14].

Aflatoxins management problem

It is clear, that problem of aflatoxins is paid @frattention of specialists of the
whole world. In the U.S.A, European Union and otheuntries stringent sanitary
rules of governing the permissible levels of mygots are introduced, and held tight
control of food and feed (although it is difficuld say whether there is actually
permissible limits of aflatoxins in food). To reduthe risk of contamination of
agricultural products subject to different mycotexiagricultural practices, the whole
strategy for the integrated control and eliminatadraflatoxin contamination of the
results are developed. The use of such a poliggshgtfotect people from diseases
caused by mycotoxins, to minimize losses in livelsteector and improve the quality
of products intended for human consumption withi ¢ountry and exports.

In Ukraine there are also standards governing #émmigssible limits of detention
aflatoxins B and B in feed and food products. However, there are mbau of
problems that increase the risk of mycotoxin corgiion of contaminated food for
the inhabitants of our country:

|. The existing Ukrainian standards regarding atad@p levels of aflatoxins in
raw materials are not harmonized with EU Regulatidhat is why, levels of
mycotoxins in Ukrainian products higher than in &ean countries.

Il. Existing base of equipment is not possible &tedmine the content of
mycotoxins fast enough and at the appropriate leeekitivity. State laboratories
usually use obsolete equipment and unmodern metifaglysis.

lll. In Ukraine there is no statistical data on tmember of contaminated raw
materials, not identified losses in livestock rethto exposure of aflatoxin in animal
organism, and no biomedical research aimed at ifgigngt the harmful effects of

mycotoxins on humans.
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IVV. A significant mass of agricultural products gdhrough markets or in the
form of payment (for example, grain often paid riamd shares). This product does
not pass the necessary tests. For example, whisistence farmers consume their
own grain, they also sell part of their harvestldoal markets. They may later
themselves purchase grain from these markets wiendwn supplies are depleted.
Food commodities within these local markets aretested for aflatoxins in Ukraine.
This is the one of problems, which increase riskafi&toxins contamination in
country, because of significant percent of agrugalt production realized as form of
work payments, and grain that does not pass quadityrol are commonly used for
animal feeding and proper storage conditions dicadbere. While general principles
of HACCP and other commercial practices may beiegiple at the individual farmer
level, appropriate adaptation of these principlato ieffective and sustainable
strategies is essential and currently missing.

An intervention to reduce exposure to aflatoxins oacur at various stages of
food production and preparation. Before crops daatpd, efforts can be made to
reduce the future burden of aflatoxins. Intervami@an also occur before harvest,
during harvest, and after harvest. The appropiiatiEervention or combination of
interventions may differ depending on the crop #mal country. Therefore further
therefore further development of the strategy sthéake into account an assessment
of the effectiveness and economic feasibility.

First of all, for solving the aflatoxins problemig needed to investigate the
consistent patterns of mycotoxin bioaccumulatioraasecological aspect. It is also
important to pay attention to the problem of myeais in the public level and the
develop the recommendations for reducing the rifkheir use by humans or
animals, it is relevant on a global scale, and @sflg important for the conditions of
our country.

CONCLUSIONS

Aflatoxins consist of a big group of related fungattabolites belong to class

polyketides, that possessed the high stability unltiéerent physical and chemical

conditions (temperature, UV light) and retain tH®ological activity in contaminated
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substrate for a long time. There is main widesppraducer of aflatoxins A. flavus.
It is microscopic fungi that has worldwide distrilmm and infects different
agricultural plants: wheat, barley, corn, groundsmud others.

Ideal conditions for the growth oA. flavusare ambient conditions and the
moisture content affects the production of mycatexiFormation of toxins increases
with levels of free water more than 0.99; flavuscan begin to produce aflatoxin at
0,83 A,; at a temperature near 25 °C it is begin activeiiaclation of aflatoxins, at
10°C the toxin is not mentioned (the ideal tempeeatfrom 12 °C to 40 °C);
development of fungal colonies occur at pH valuésfrom 4 to 8; oxygen
concentration and acidity of the substrate areeseential factors for the production
of mycotoxins; vegetable substrates enhances thefmn of mycotoxins more than
animal origin media.

Aflatoxins are dangerous for its carcinogenic props. They can be
accumulated in the liver and kidney and promote dbeurrence of tumor cells to
induce mutations (cancer). They adversely affeetithmune system of the body
(lower overall body's defenses), cause teratogamd mutagenic effects. One
intaking of excessive contaminated food or feed icainice hard liver damage even
death. Under the action of very low doses of aflat poisoning insufficient, but
entering the body repeatedly or continuously, dgwvetirrhosis or liver cancer
(chronicle aflatoxicosis). Aflatoxins virtually are@ot destroyed during normal
processing and cooking contaminated food. Developroé different strategies to
control the level of aflatoxins in agricultural comdities, preventing the occurrence

of aflatoxicosis in human and animals is an urgeeablem for our country.
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ADJIATOKCHHBI KAK ECTECTBEHHBIE KOHTAMHHAHTbBI
BAJKHBIX CEJIbCKOXO3AHCTBEHHBIX KY/IbTYP

E.H. LIIBEI], M.H. EAPAHOBCKHUHU

Hayuonanvnwiti asuayuornnwvii ynusepcumem, 2. Kues

B cmamve npoananusuposano coepementvie HayuHvle OanHble, Ymo KACAIOMCsl
OUONO2UHECKUX CBOUCME APDIAMOKCUHOB KAK ONACHBIX YKOMOKCUKAHMO8, XapaKmep
U 3AKOHOMEPHOCMU PACNPOCMPAHEHUs 2NA8HO20 NPOOYYEHMA MUKOMOKCUHOS,
mokcuyeckue 3phgphexmot u MeXanuzmol GIUAHUSL MOKCUHOE HA OP2AHUZM HCUBOMHBIX
u uenosexa. llpusedennvle Oanmvie 2060psam 0 MOM, YMO 3A2PAZHEHUE OKPYICAouel
cpeobl SMUMU KOHMAMUHAHMAMU, HAKONWIEHUE UX 6 NPOOYKMAX PACMUMENIbHO20
APOUCXOINCOCHUSL U KOPMOBOM CbIPpbe CO30aen NOMEHYUALbHYIO YePo3y O 300P06bsL
yenoseka, npueooum K YObmKy 6ciedcmeue 3a00/1e6aemMocmu u CMepmHOCmu
CeNbCKOXO3AUCMBEHHBIX dicusomubix. Tloomomy uzyuenue npoyecca OUOAKYMYIAUUL
u OoanvHetiue paspabomru CUCEeMbl MEHEONCMEeHmda ApIAMOKCUHO8 SAGISAIOMCS
AKMYAIbHBIMU 80NPOCAMU COBPEMEHHOU HAYKU.

Knrouesvie cnoea. agpramoxcunvi, roumamunayus, Aspergillus flavus,

buonocuueckoe euusHue.
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ADJIATOKCHHMU AK IIPUPO/IHI KOHTAMIHAHTH BAKJ/IHBUX
CUIBCBKOI'OCIIOJAPCBKUX KYJIBTYP

O.M. IIIBEI]b, M.M. FAPAHOBCbKHUH

Hayionanvniu asiayivunuti ynisepcumem, m. Kuig

Y cmammi npoananizosano cyuacHi Haykosi Oawi, wo cmocyromuvcst Oi002IUHUX
gracmugocmell aghramokcuHie AK HeOe3neuHux eKomoOKCUKAHmI8, Xxapakmep ma
3AKOHOMIPHOCMI NOWUPEHHSI 20JI06HO20 NPOOYYEHMA MIKOMOKCUHIB, MOKCUYHI
ehekmu ma Mexawizmu 6nauU8y MOKCUHIB HA Op2aHizm meaput i atoounu. Hasedeni
O0ani 2060pamb Npo me, WO 3A0PYOHEHHS HABKOIUUHBLO20 Cepedosud YUMU
KOHMAMIHAHMAMU, HAKONUYEeHHS iX 6 NPOOYKMAX pPOCIUHHO20 HNOXOONCEHHS 1
KOPMOSIll  CUPOBUHI CMBOPIOE NOMEHYIUHY 3a2po3y Ol  300p06'si  N0OUHU,
npU3600UMb 00 3HAYHUX 30UMKI6 6HACIIOOK 3AX80PIOGAHOCMI MA CMEPMHOCHII
cinbcobkoeocnooapcevkux meapur. Tomy eusuenns npoyecie Oioakymynayii ma
nooanvwii po3pooOKU cucmemu MeHeONCMEeHMY AQIamOKCUHI8 € aKmMYalbHUMU
NUMAHHAMU CYYACHOT HAYKU.

Knrouosi cnosa: agpnamoxcunu, konmaminayis, Aspergillus flavusionociunui

6NJIUB.



