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Toxicobiological effect of mycotoxins association of the Penicillium and
Fusarium fungus (T-2 toxin at a concentration of 0.1 mg/kg, fumonisin Bl
— 0.5 mg/kg, vomitoxin (DON) — 0.1 mg/kg, penicillic acid — 1 mg/kg) was
accompanied by the development of a complex pathological process in weaned
piglets. In this regard, the detoxification and sorption capacity of the complex feed
additive "Harufix+" based on mannanoligosaccharides was studied. The additive
effect on the resorptive activity of mineral and vitamin nutrients of feed under
the normal feeding conditions and in case of contamination with mycotoxins has
been studied. The use of enterosorbent offset the toxic effects of micromycete
metabolites, which contributed to the growth of piglets. Thus, weight growth rate
increase of the piglets in group 1 (i.e., those whose diet included the additive,
unlike the diet of the animals in control group) constituted 16 %, while their
average weight growth rate was high and constituted 1.96 kg per day.

In addition, during the study of calcium, phosphorus, magnesium, ferum,
zinc, copper and manganese in the piglets blood was not found excretion of these
elements with a sorbent, moreover, noted the normalization their blood level.

The study content of vitamins A and E, the same as with mineral nutrients,
has not been established decrease during treatment with study the pharmaceutical.
The obtained results testify the active absorption in the gastrointestinal tract of the
vitamin components within the fodder combined with fodder additive “Harufix+”
and high biological accessibility of its transport forms. The efficiency of the
additive can be explained by its composition, namely the complex of mineral and
organic components that are formed by modification of the organic cations of the
mineral surface.

Key words: mycotoxins, mycotoxicosis, macro- and microelements, sorbent,
vitamin metabolism, piglets.

Problem statement. The health, productivi-
ty and reproductive functions of animals largely
depend on the degree of contamination of feed
with pathogenic microflora and toxins of various
origins. Mycotoxins are fungal metabolites that
may have deleterious effects in animals [1]. My-
cotoxins are detected in cereal grains worldwide,
with a prevalence of 88 % on feed and raw feed-
stus [2].

Mycotoxins routinely occur in common feed-
stuffs such as corn, corn silage, small grains and
small grain silage, especially when growing con-
ditions are sub-optimal. It should be noted that
mycotoxins may or may not be present in moldy

feedstuffs. In addition, mycotoxins may be present
in feeds that appear free of mold which makes my-
cotoxins a challenge for producers and nutrition-
ists alike [3].

There is increasing evidence of animal feed
contamination by several mycotoxins that is com-
ing from the specialists in animal husbandry, an-
imal feed production, veterinary medicine and
mycotoxicology [4]. This can be explained by the
ever growing database of toxic fungal metabo-
lites, newly discovered facts about the synthesis
of certain mycotoxins and their groups by differ-
ent fungus types, the development of the system
of permanent monitoring and the improvement of
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the methodology of research on mycotoxins con-
tained in animal feed.

Analysis of recent research. According
to Whitlow and Hagler, mycotoxins exert their
effects through several means including 1) de-
creased feed intake, 2) reduced nutrient absorption
and impaired metabolism, 3) altered function of
the endocrine and exocrine systems, 4) suppressed
immune function, 5) altered intestine microbial
growth and 6) changes in white blood cell and
neutrophil counts [5].

Miiller at al. conducted an experimental inves-
tigation of weaner pigs and the influence of com-
bined administration of ochratoxin A, fumonisin
B1, deoxynivalenol and T2 toxin in quantities ex-
pected to be present in feeds of central European
origin. They observed toxic effect of mycotoxins
that slightly surpassed the toxico-biological effect
after single administration of ochratoxin A [6].
The contamination of animal feed with several
toxic compounds of micromycetes (i.e., micro-
fungi) occurs quite frequently, since many kinds
of Aspergillus, Penicillium and Fusarium produce
more than one mycotoxin, and various fungi may
contaminate grain components of animal com-
pound feed. Thus, corn and wheat naturally con-
taminated with vomitoxin (i.e., deoxynivalenol,
DON), 15-acetyl DON, Fusarium acid (FA) and
zearalenone were included in the diet of start pigs.

Feeding pigs with purified mycotoxins fumon-
isin B, and aflatoxin B, together and separately
influenced the immune system, biochemical, he-
matological and clinical parameters [7]. With the
joint administration of mycotoxins, these indica-
tors were more pronounced, and the toxic effects
intensified and sometimes very significantly, espe-
cially liver disease syndrome [8].

The study demonstrated considerable decrease
in growth rate, feed consumption and brain neuro-
chemistry alterations [9]. The combined contami-
nation of feedstuff with fungal toxins complicates
the prevention of mycotoxicoses in animals, be-
cause mycotoxins have a wide range of physico-
chemical properties. Thus, application of only one
method of detoxication and decontamination (e.g.,
the use of specific enterosorbent) is not always ef-
ficient [10].

Besides, it is well known that sorbents tend
to bind (adsorb) and withdraw from the organism
macro- and microelements, vitamins, and nutri-
ents, which subsequently leads to the decrease in
animal productivity and becomes the reason of the
rejection of mytoxin-binding pharmaceuticals.

Schell et al. used weanling and growing pigs
to investigate the effect of sodium bentonite clay
(1 %) on mineral metabolism in diets with or
without aflatoxin. Feeding aflatoxin contaminated
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feed increased phosphorus (P), sodium (Na) and
Zn absorption and retention suggesting a possible
increased metabolic demand for these minerals
when aflatoxin is present.

In addition, feeding sodium bentonite de-
creased Mg absorption regardless of the presence
of aflatoxin. The addition of bentonite clay also
decreased calcium (Ca) and Na absorption and
retention in aflatoxin contaminated diets and de-
creased Na absorption when the feed was free of
aflatoxin. Similar to the effects of Hydrated sodi-
um calcium aluminosilicate, Zn absorption and re-
tention was decreased in diets supplemented with
sodium bentonite. The effects of feeding sodium
bentonite clay on iron (Fe) was confounded in this
study by the increase in dietary Fe (446 ppm vs.
292 ppm) from the addition of the clay [11].

In addition to negatively affecting Zn, benton-
ite has also been shown to decrease copper (Cu)
bioavailability in sheep [12] fed no supplemental
trace minerals. Although the cation composition
was not disclosed, bentonite was fed at 0.5% of the
diet (as fed basis). In this study, bentonite decreased
the ruminal solubility of Zn, Cu and Mg and led to
significant decreases in Cu in both plasma (0.75 vs.
0.71 pg/ml) and liver (602 vs. 504 ug/g DM).

In conclusion, it appears utilizing silicate min-
erals as mycotoxin sequestering agents could lead
to decreases in both Zn and Cu status. The interac-
tion between complexed trace minerals and myco-
toxin sequestering agents has not been researched.
However, providing a portion of supplemental Zn
and Cu as amino acid complexes may be warrant-
ed to improve the likelihood of maintaining op-
timal trace mineral status when diets contain sil-
icate-based mycotoxin sequestering agents [13].

Other mycotoxin sequestering agents include
activated charcoal, cholestyramine, chlorophyllin
and yeast cell wall-derived agents. Although these
may be beneficial at reducing the impact of myco-
toxins in humans, aquatic and other animal spe-
cies, there is currently no data available on their
interaction with mineral nutrition [14].

The aim of the study was to analyze the
changes in vitamin and mineral metabolism in
piglets under the influence of the feed additive
Harufix+ in associated mycotoxicosis.

Material and methods. For the purposes of
this study we formed 4 groups of weaner pigs,
10 piglets in each. The piglets in group 1 were
administered with combined feed that contained
Harufix+ in dosage of 1 kilo per ton of feed. The
piglets in group 2 were fed with the feed that con-
tained T, toxin (0.1 mg/kg), fumonisin B, (0.5 mg/
kg), vomitoxin (deoxynivalenol, 0.1 mg/kg) and
penicillic acid (I mg/kg). In order to produce T,
toxin we used Fusarium sporotrichiella, strain 2m
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which was produced at the State poultry research
station of National Academy of Agrarian sciences
of Ukraine). Other mycotoxins by micromycete
isolates were incubated at the Department of mi-
crobiology and virology of Bila Tserkva National
Agrarian University. The diet of group 3 piglets
included a complex of mycotoxins and anti-tox-
ic feed additive “Harufix+" (1 kg/ton). The feed
of the animals of group 4 did not contain myco-
toxins (control group). The experiment lasted 14
days. At the beginning and during the experimen-
tal period the animals were weighed. At the end of
experimental period it was conducted biochemi-
cal laboratory analysis of piglets’ blood samples
for evaluation the values of calcium, phosphorus,
magnesium, zinc, manganese, ferum, copper, vita-
mins A and E. Blood for the study was taken from
the piglets’ orbital venous sinus in vacuum tubes
with gel and coagulation activator. The blood se-
rum content of total calcium was determined in
the reaction with calcium arsenase III, inorganic
phosphorus — by UV-detection of phosphomolyb-
date complex, total magnesium — with the calmag-
ite indicator, vitamin A — by the method of Bessey
in the modification of VI Levchenko, vitamin E
— in reaction with 2,2-dipyridyl. All these meth-
ods were carried out with reagents of research
and production association "Philisit-diagnostics"
using a semi-automatic biochemical analyzer Stat
Fax (USA). The serum content of ferum, copper,
zinc and manganese was determined by atomic
absorption spectrophotometry using an atomic ab-
sorption spectrophotometer Shimadzu (Japan).

Statistical processing of the results was per-
formed using Statistica 10 (StatSoft Inc., USA,
2011).

Results. Based on animals’ weight tests, we
come to conclusion that fodder additive “Harufix+”
has positive impact on body weight growth. Thus,
weight growth rate increase of the piglets in group 1
(i.e., those whose diet included the pharmaceutical,
unlike the diet of the animals in control group) con-
stituted 16 %, while their average weight growth
rate was high and constituted 1.96 kg per day. This
observation provides indirect evidence in support
of the conclusion that this fodder additive does not
bind and withdraws from the organism nutrients,
vitamins, macro- and microelements.

We compared weight growth data of animals
in group 2 (whose feed was contaminated with
mycotoxins) and group 3 (whose diet was con-
taminated as well, but also included the feed addi-
tive). In comparison, we discovered the difference
in 5 %. Average weight growth rate in group 2 was
low and constituted 2.05 kg per day, which was
the effect of the mycotoxins in the feed. The same
parameter in group 3 constituted 2.15 kg per day
(Figure 1). The difference in growth rates in these
groups is apparent and strongly testifies to the pro-
tective capacity of Harufix+ in induced mycotoxi-
cosis in weaner pigs. In the first group, the rate of
weight gain was the highest and averaged 2.73 kg,
which is due to the efficient use and absorption of
feed nutrients against the background of addition-
al use of feed additives.

The analysis of mineral and vitamins status
in piglets did not reveal any disruption of their
homeostasis. Furthermore, we observed the nor-
malization of the ratio of certain elements of their
mineral nutrition.

The content of total calcium in group 1 re-
mained comparable to those in control group and

3,5 2,73

2,5 T

0,5

1 group 2 group

3 group 4 group

B weight growth, kg

Fig. 1. Weight growth changes in piglets.
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it was 2,51+0,14 mmol/L (2.23-2.67 mmol/L). It
should be noted that in piglets of other experimen-
tal groups, the content of total calcium in the blood
also did not have a significant difference compared
with controls and animals of the first group (Ta-
ble 1). The content of non-organic phosphorus in
blood serum of piglets in group 1 was significant-
ly higher (p<0.001;+18.2 %) relatively the corre-
sponding parameter in group 4 (2.75+0.055) and
it was in average 3.25+0.020 mmol/L (3.21-3.28).
Also it should be noted the significantly increas-
ing in 1,2 times (p<0.001) the phosphorus content
in animals of group 3, which received a complex
of mycotoxins and anti-toxic additive “Harufix+”
relatively the control group.

The changes in serum magnesium homeo-
stasis were characterized by a probable decrease
in its blood level in animals of the second group
on average to 0.73+0.047 mmol/L (p<0.05) com-
pared with the control and 3rd groups, which may
be due to impaired absorption of this macronutri-
ent in the intestine or reduction of its reabsorption
in the renal tubules due to the complex action of
mycotoxins on these organs. In other experimen-
tal groups of piglets, the total magnesium serum
content in the probably did not differ from the
control (Table 1).

Ferum is a microelement that is in particular
demand in the organisms of young, fast growing
animals. Thus, Ferum was abundant in the blood

of animals, whose diet included Harufix+, its con-
tent averaged 681.7+151.9 ug/100 ml. The Ferum
blood content of the piglets of groups 3 and 4
almost did not differ and averaged 505.8+182.1
(207.0-835.5) and 529.0+268.0 (212.0-1063.7)
nug/100 ml respectively. Accordingly, in animals
whose diet contained mycotoxins its content
was on a considerably lower level and averaged
384.2+178.0 pg/100 ml, which is 1.8 times less
than in group 1 and 1.4 times less than in control
group (Table 2).

Copper metabolism in the organism of those
piglets that were administered this fodder additive
did not undergo significant changes. The content
of this micronutrient in animals of group 1 av-
eraged 288.9£13.8 (261.7-306.5) as opposed to
285.9+42.8 ng/100 ml in those in control (Table
2). However, in the second experimental group,
the blood copper content in piglets was 31.7 %
lower compared to the control group, which in-
dicates a negative effect of mycotoxins on the ab-
sorption of this trace element in the gastrointesti-
nal tract of animals.

The serum Zinc content in group 1 averaged
38.742.31 pg/100 ml, which is 34.8 % higher
(p<0.01) than in control group (28.7+1.85). The
highest level was in piglets of 3rd experimental
group — 70.9£31.1 png/100 ml, which is 2.2 and 2.5
times higher than the same index in groups 2 and 4,
respectively (Table 2). Probably, this is due to the

Table 1 — The changes in macronutrient metabolism indexes in piglets

Group
Indicator 1 ) 3 4
Ca total, 2.23-2.67 2.31-2.75 2.50-2.88 2.44-2.53
mmol/L 2.51+£0.14 2.53+0.127 2.68+0.11 2.49+0.027
P non-organic, 3.21-3.28 2.74-3.36 3.18-3.35 2,5-2.84
mmol/L 3.25+0.020%** 2.95+0.203 3.26:+£0.050%*** 2.75+0.055
Mg total, 0.95-1.14 0.64-0.80 1.05-1.2 0.74-1.33
mmol/L 1.02+0.06 0.73+£0.047* 1.12+0.04 1.11+0.184
Note: * p <0.05; *** p <0.001 relatively control (group 4).
Table 2 — The changes in micronutrient metabolism indexes in piglets
Group
Indicator 1 N 3 4
397.9-917.7 203.8-740.2 207.0-835.5 212.0-1063.7
Fe, ug/100 ml
681.7£151.9 384.2+178.0 505.8+182.1 529.0+£268.0
261.7-306.5 54.7-265.6 246.4-268.5 230.3-370.1
Cu, pg/100 ml
288.9+13.8 195.2+70.2 260.7+7.14 285.9+42.8
34.2-41.8 28.2-36.9 37.5-133.1 26.7-32.4
Zn, pg/100 ml
38.7+£2.31%* 31.542.73 70.9+31.1 28.7+1.85
19.6-34.0 13.0-46.8 16.0-39.2 15.2-16.6
Mn, pg/100 ml
25.9+4.25% 26.1£10.5 26.0+6.88 15.9+0.40

Note: * p <0.05; ** p <0.01 relatively control (group 4).
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positive effect of Harufix+ components on the zinc
absorption against the background of mycotoxins
damage.

Regarding changes in manganese levels, in
piglets of all three experimental groups, its con-
tent in the blood averaged almost at the same level
—25.9-26.1 pg/100 ml, which is 1.6 times higher
than the average value in animals of the control
group (15.9£0.40 pg/100 ml). However, a proba-
ble increase in blood manganese levels was only
in group 1 (p <0.05).

Similarly to the microelements values, our
analysis of the vitamins A and E levels did not
reveal their decrease that would result from the
pharmaceutical use. Thus, the value of vitamin
A in blood serum of group 1 was 14.3-25.8 and
averaged 18.6+£3.64 pg /100 ml, whereas the nor-
mal indicator for the piglets of this age is 20-50
pg/100 ml (Figure 2).

The highest average value of vitamin A
was in the piglets blood of the control group —
29.1+4.6 pg/100 ml, while the lowest con-
tent was observed in animals of the 2nd ex-
perimental group, which was 1.9 times less
than the control group (p<0,05). The analy-
sis of blood serum for the value of vitamin
A in group 3 was 38 % higher then in group
2 and 13.4 % — then in group 1 (Figure 2).

It should be noted that changes in the content
of vitamin E in the blood of piglets under the com-
plex influence of the association of mycotoxins
without the use of enterosorbent were characterized
by a significant decrease to 0.17+0.02 mg/100 ml
(p<0.05) compared with animals of the first and
third experimental groups. However, low level of
vitamin E was observed in piglets of the control
group — 0.19£0.03 mg/100 ml, which also did not
take this feed additive (Figure 3).

mg/100 ml

2 group

3 group

@ Vitamin A

Fig. 2. The blood vitamins A content in piglets.

mg/100 ml

O Vitamin E

Fig. 3. The blood vitamins E content in piglets.
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The content of vitamin E in 67% of animals of
groups 2 and 4 was less than the minimum level
of 0.2 mg/100 ml. While in groups 1 and 3 we can
observe a positive effect of the feed additive “Ha-
rufix+” components on the absorption and stabili-
ty of tocopherol homeostasis, because the average
value in the blood of piglets in these groups was in
the range of 0.25-0.26 mg/100 ml.

Discussion. Minerals provide an important
role in animals. Their importance is in maintain-
ing a certain osmotic pressure of blood plasma,
acid-base balance, permeability of various bio-
logical membranes, regulation of enzyme activi-
ty, preservation of the structures of biomolecules,
maintenance of the motor and secretory functions
of the digestive tract.

We found that in case of mycotoxicosis caused
by toxins of Fusarium and Penicillium fungus,
there were significant deviations in the content
of total magnesium in the blood plasma of pig-
lets, the level of which was 34, 2% less than in
the control group. The use of the sorption additive
“Harufix+” did not have a negative effect on the
absorption of this macronutrient in the intestine,
since its content in the blood of piglets of the 1st
and 3rd experimental groups did not significantly
differ from the control group.

The positive effect of feed additives on ab-
sorption and the absence of its sorption effect on
phosphorus in the gastrointestinal tract of pigs
was evidenced by a probable increase in its blood
level in animals of groups 1 and 3 compared with
controls (p<0,001). Phosphorus absorption in pigs
is limited, depends on the sufficient amounts of
vitamin D, and the presence of calcium in their
nutrition [15, 16]. Apparently, such active trans-
port of this macroelement is associated with the
sorptive qualities of the Harufix+ components re-
lated to phosphorus accumulation and its transport
into blood vessels. The significance of non-or-
ganic phosphates in the organism is determined
not only by the fact that their great amounts are
concentrated in bone tissue in the compound of
calcium phosphate. Monosodium and disodium
phosphates establish phosphorus buffer system
in blood, which along with carbonate and protein
buffers participates in acid-alkaline balance reg-
ulation. In parallel, phosphorus plays an import-
ant role in the processes of phosphorylation and
dephosphorylation. This provides kidney absorp-
tion and excretion, as well as lipids and proteins
transport [17]. This is demonstrated by the piglets’
body mass increase of group 1, i.e. in those that
were administered fodder additive within their
combined nutrition.

However, the blood total calcium content in
piglets of all experimental groups remained at the
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level of control and was within physiological lim-
its. That is, neither the use of feed additives nor the
complex effect of the association of mycotoxins
did not cause deviations in the homeostasis of this
macronutrient. Probably, this can be explained by
a rather severe complex and multicomponent en-
dogenous system of ensuring the stability of cal-
cium blood value, which involves mainly humoral
factors and vitamin D also. Ensuring the calcium
homeostasis stability and maintaining its physio-
logical blood plasma level is carried out by var-
ious mechanisms, the main of which are changes
in the degree of intestine absorption, the proximal
renal tubules reabsorption and the calcium’s mo-
bilization from the bone component [18].

The impact of Harufix+ on micronutrients ab-
sorption reveals itself in its positive influence on
Zinc transport. which was reflected in a probable
increase its blood level in piglets of the first group
by 34.8% compared to control (p<0,01). The best
result regarding Zinc homeostasis was obtained
when using the sorbent in piglets with the associ-
ated influence of mycotoxins — 70.9+31.1 pg/100
ml, which is 2.5 times higher than the average val-
ue in the control group. Biochemical function of
Zinc in the organism is related to the activity of
ferments, which need Zinc as a necessary compo-
nent or an activator. Up to date, Zinc was found
present in more than 200 metalloenzymes, which
take part in a range of metabolic processes, includ-
ing synthesis and decomposition of carbohydrates,
fats, proteins and nucleic acids [18].

It is important to sustain microelements ho-
meostasis on sufficiently stable level since it de-
termines their synergism in relation to metabolism
stimulation in general. For instance, Ferum is high-
ly needed for normal activity of dehydrogenases,
catalase and peroxidase; Copper is needed for oxy-
genase, xanthine oxidase and urate oxidase; Man-
ganese — for transferases; Magnesium — for phos-
phohydrolase and Zinc for carbonic anhydrase and
carboxypeptidase [19, 20]. It is important to note
that physiological anemia is the typical outcome of
the insufficient Ferum in piglets organisms during
the first weeks of their lives. Anemia causes the
death of 20 to 30% suckling piglets during the
first weeks of their lives. Our research has shown
positive dynamics in the assimilation of Ferum in
piglets that consumed a feed additive, both as part
of common feed and against the background of its
contamination by mycotoxins. In the second ex-
perimental group, the Ferum’s serum content was
the lowest — 384.2+178.0 pg/100 ml.

The use of Harufix+ did not adversely affect the
absorption of Copper and Manganese in the intes-
tines of piglets, which was reflected in the constant
levels of these micronutrients in the blood of ani-
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mals of groups 1 and 3. Moreover, in the blood of
piglets that consumed the feed additive, there was a
probable increase in 1.6 times the content of serum
Manganese compared to the control group (p<0,05).

The study content of vitamins A and E, the
same as with mineral nutrients, has not been es-
tablished decrease during treatment with study
the feed additive. The obtained results testify to
the active absorption in the gastrointestinal tract
of the vitamin components within the fodder com-
bined with fodder additive “Harufix+” and high
biological accessibility of its transport forms. The
efficiency of the pharmaceutical can be explained
by its composition. Thus, the complex of mineral
and organic components is formed by means of
modification of organic cations of the mineral sur-
face. As a result, not merely a mixture of organic
and mineral components is formed, but a new or-
ganic complex. Acarbose that is a component of
Harufix+ in combination the mineral components
absorb mycotoxins and excrete them from the an-
imal’s organism, as well as normalize the micro-
flora of the intestines. Beta-glucan, which is also
contained in this fodder additive, improves the
function of the gastrointestinal tract, activating the
enzymatic system of its mucous membrane.

Conclusions. 1. The study demonstrated anti-
toxic efficiency of fodder additive “Harufix+” in
pigs with mycotoxicosis experimentally induced
by a complex of mycotoxins, which was manifest-
ed by its efficient sorption properties characteris-
tics relative to T-2 toxin, fumonisin B1, vomitoxin
and penicillic acid.

2. This fodder additive did not cause the dis-
ruption of beneficial components of nutrition
digestion, it proved biologically harmless, and
positively impacted body weight increase in the
animals.

3. Monitoring of changes in the content of total
calcium, inorganic phosphorus, magnesium, iron,
zine, copper, manganese and vitamins A and E in
the piglets blood confirmed the stability of their
homeostasis against the background of the sorbent.

Information on compliance with ethical
standards. Experimental studies were conducted
in compliance with the requirements of the Law of
Ukraine No. 3447 — IV 0f 21.02.06 "On the animals
protection from cruel treatment" and in accordance
with the basic principles of the "European Conven-
tion for the protection of vertebrate animals used for
experimental and scientific purposes" (Strasbourg,
1986), the Declaration on the Humane Treatment
of Animals (Helsinki, 2000) and the National Con-
gress on Bioethics “General Ethical Principles of
Animal Experiments” (Kyiv, 2001).
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MoHiTopuHI 3MiHM NOKa3HMKIiB MiHepa/bHO-BiTa-
MiHHOr0 MeTa00J1i3My Ml BINIMBOM KOPMOBOI 100aBKH
3a eKCNEePUMEHTAJIBHOI0 AcOUiii0oBAHOI0 MiKOTOKCHKO3Y
B MOPOCHAT

Amnapiituyk A.B., Meabuunk A.1O., Boskorpy6 H.B.

ToxcukobionoriyHa [is acomiarii MiKOTOKCHHIB POy
Penicillium 1 Fusarium (T-2 TokcuH y koHueHTparii 0,1 mr/kr,
¢ymonizun Bl — 0,5 mr/kr, Bomitokens (JJOH) — 0,1 mr/kr,
MeHIUIOBAa KWJIOTa — | MI/KT) CyIpOBOIKYBajacsi pO3BUT-
KOM KOMIUTIEKCHOTO ITaTOJIOTIYHOTO IIPOIlecy B OpTraHi3Mi
BiJUTyYCHHUX MOPOCAT. Y 3B’S3KY 13 UM OYJIO JOCIHIIPKCHO
JEe31HTOKCUKAIIHHY Ta COpOWidHY 3aTHICTh KOMIUIEKCHOT
KOpMOBOi mo6aBku “Xapygikct” Ha OCHOBI MaHHAHOIIIO-
caxapu/iB. BuBueHO BIUIMB COpOCGHTY Ha pe30pOTHBHY aK-
TUBHICTh MiHEpaJIbHUX 1 BiTaMiHHHMX HYTPIEHTIB KOpMy 3a
3BHYAIfHUX yMOB TOMIBNI Ta B pa3i KOHTaMiHAaIii MIKOTOKCH-
HaMU. 3aCTOCYBaHHSI €HTEPOCOPOEHTY HiBETIOBAIO TOKCHY-
Hy Jit0 MeTaboJiTiB MIKpPOMIIIETiB, IO CHPHUSIIO 3POCTAHHIO
MpUPOCTIB MopocAT. Tak, pi3HHULA HPUPOCTIB MOPOCAT Iep-
1101 TPYTH, SIKi OTPUMYBAJIH 3 KOPMOM J100aBKY, TOPiBHSHO 3
TBapyHAMU KOHTPOJILHOT TpyIH, cTaHoBuiIa 16 %, npuiyomy
cepeqHp0N000BHMI IpHpicT TBapHH Iepiroi rpymu OyB Haii-
BHIIINM 1 JIOpiBHIOBaB 1,96 KT.

BopgHouac min yac qocimpKeHHS BMICTY KaJbIlito, oc-
¢opy, MarHiro, Gepymy, IUHKY, Ky[IpyMy Ta MaHraHy B Kpo-
Bi IOPOCAT HE 6y.]'[0 BCTAHOBJICHO BUBCACHHA ITUX CIICMCH-
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TiB 13 copOeHTOM, OibIlIe TOTO, BiA3HAYAIN HOPMATI3alliio
X piBHSI.

3a pesynmpraraMu JOCIIKCHHS BMICTy BiTaMiHiB A i E,
QHAJIOTIYHO SIK 1 3 MiHepaIbHUMU HyTpieHTaMH, He Oyio BcTa-
HOBJICHO IX 3HIKCHHS Ha (DOHI 3aCTOCYBaHHS HOCITIIKYBaHOTO
copbenty. OTprMaHi pe3yJabTaTH CBiT9aTh PO AKTUBHE BCMOK-
TYBaHHS y IUTYHKOBO-KUIIKOBOMY TPAKTi BITAMIHHUX KOMIIO-
HEHTIB y CKJIa/li KOpMY B MOEIHAHHI 3 KOPMOBOIO JOOABKOIO
“Xapycikct” Ta BUCOKY 010J0TiYHY JTOCTYIHICTh HOTO TpaH-
crioptHux (opm. Taka edeKkTHBHICTH JOOABKU MOSICHIOETHCS,
HacamIepe, ii CKIagoM, a caMe KOMIUIEKCOM MiHepalJbHUX i
OpTaHIYHUX KOMIIOHEHTIB, SIKi ()OPMYIOTHCS HIISIXOM MO di-
Kallii OpraHi4YHMMH KaTiOHAMU TTOBEPXHI MiHepaiy.

Kuro4oBi cjioBa: MiKOTOKCHHH, MiKOTOKCHKO3, MaKkpo- 1
MIKpOEIEMEHTH, COPOCHT, BiTaMiHHHI 0OMiH, TOpocsTa.

MoHHTOPHHI H3MEHEHHUsI INOKa3aTesell MHUHePaJb-
HO-BHTAMHHHOI0 MeTa00/1M3Ma 10J1 BJIMsIHHEM KOPMOBOii
A00aBKH NPH IKCNEPHMEHTAJIBbHOM AaCCOLUHUPOBAHHOM
MHKOTOKCHKO3€ Y IOPOCAT

Amnapeiiuyk A.B., Meabnuk A.1O., BoBkorpyo H.B.

TokcukoOnonornyeckoe NeHCTBUE acCOLHMAI[MA MHUKO-
TOKCHHOB popa Penicillium n Fusarium (T-2 TOKCHH B KOH-
uertpanuu 0,1 Mr/kr, pymormsux Bl — 0,5 Mr/kr, BOMUTOK-
cuH (JJOH) — 0,1 Mr/kr, neHUUWILIOBas KUCAOTa — 1 MI/KT)
COMPOBOXKIATOCH PA3BUTHEM KOMILIEKCHOT'O TTaTOJIOTHYECKO-
ro mpolecca B OpraHu3Me OTIYYEHHBIX HOpocsT. B cBs3m ¢
3TUM OBUIO M3YyYCHO IE3MHTOKCHKAIIMOHHYIO W COpOIMOH-
HYIO CIIOCOOHOCTB KOMIIIEKCHOH KOpMOBOI1 o0aBKu "Xapy-
(ukct" Ha OCHOBE MaHHAHOIUTOCAaXapuIoB. V3ydeHo Bius-

HHUE COPOEHTA Ha Pe30pPOTUBHYIO AKTHBHOCTh MUHEPAIBHBIX
1 BUTAaMMHHBIX HYTPHUEHTOB KOpMa B OOBIUHBIX YCIIOBHUSX
KOPMJICHHSI M B CJydyae KOHTaMHHAIIMM MHKOTOKCHHAMH.
[TpumeHenne sHTEpOCOpOSHTA HUBEIMPOBAJIO TOKCHUYECKOE
JelcTBHEe MeTabOINTOB MHKPOMHMIIETOB, 4YTO CIIOCOOCTBO-
BAJI0O POCTY MPHPOCTOB MOpocAT. Tak, pasHUIA MIPUPOCTOB
MOPOCAT TEPBOH TPYMIBI, MONYYaBHINX C KOPMOM JI00aBKY,
10 CPAaBHEHHIO C JKHBOTHBIMU KOHTPOIBHON I'PYIIBL, COCTAB-
nsna 16 %, mpuyeM CpeAHeCyTOUHbIH MPUPOCT >KUBOTHBIX
TIepBOii IPYIITB! OBLT BBHICOKMM M COCTaBIISUI 1,96 KT

Hapsiy ¢ 5TiM B X0ze HCCITeIOBaHMUS COMIEPIKaHUS Kallb-
s, Gocdopa, Maraus, xenesa, HUHKA, MEJH U MaHTaHAa B
KPOBH IIOPOCST HE OBUIO YCTAaHOBIIEHO CBSI3BIBAHUS 3THX dJIe-
MEHTOB € COPOEHTOM, OoJiee TOro, OTMEeYaal HOPMAIU3ALUI0
HX YPOBHS B KPOBH.

ITo pesynbraram uccieOBaHMs COAECPIKAHHUS BUTAMIHOB
A u E, aHaJIOTHYHO KaK U ¢ MHHEPAIbHBIMU HYTPHEHTAMH,
He OBUIO yCTAHOBIICHO WX CHIDKEHHS Ha (hOHE NMPUMEHEHHS
HCTIBITYyeMOro copOenTa. IlomydeHHBIE pe3ynbTaThl CBHIE-
TEJIBCTBYIOT 00 aKTHBHOM BCACBHIBAHUM B JKEJIYJOYHO-KHIIIEY-
HOM TpaKTe BUTaMHMHHBIX KOMIIOHEHTOB B COCTaBe KOpMa B
COYeTaHHHU C KOpMOBOH nobaBkoi "Xapyhukc+" 1 BEICOKYIO
OMOJIOTHYECKYIO IOCTYITHOCTh €T0 TPAHCHOPTHBIX (opm. Ta-
Kast 9pPEeKTUBHOCTH T0OABKH OOBSICHACTCS, TIPEK/IE BCETO, e
COCTAaBOM, a2 UMEHHO KOMIIJIEKCOM MHHEPAIbHBIX U OpTraHude-
CKUX KOMIIOHEHTOB, KOTOPbIe (POPMUPYIOTCS TyTeM MOIAH(BH-
Kalli¥ OpraHMYeCKUMHU KaTHOHaMHM ITOBEPXHOCTH MUHEpaa.

KonioueBble c10Ba: MHKOTOKCHHBL, MHKOTOKCHKO3BI,
MaKpo- U MHUKPOJIEMEHTHI, cOPOCHT, BUTAMHUHHEIA OOMEH,
Topocsra.
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