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Survey of poultry feeds contamination with mycotoxins
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The purpose. To evaluate the contamination of poultry feeds in Ukraine with mycotoxins and other
toxic substances. Methods. ELISA, TLC-bioautography, Lebistis reticulatus bioassay. Results. A quarter
of the tested feed samples were shown to be contaminated with at least one mycotoxin, and a third — by
substances toxic for fish. Only few samples contained mycotoxins in concentrations, which either
exceeded or were similar to the permissible levels in poultry feeds. The contamination was least frequent
during 2016, and the most — during 2015. The frequency of wheat and maize contamination was lower
than that of compound feeds. Conclusions. Generally, the tested feed samples met existing sanitary
requirements. However, prevalence and variability of mycotoxin contamination create a necessity for
systematic monitoring of feeds quality and corresponding application of prophylactic measures.
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Poultry farming plays a critical role in food security, since its products are among the cheapest
traditional sources of complete animal protein, many essential and functional nutrients in the human diet.
In Ukraine, volumes of poultry meat production greatly exceed those of beef or pork, and production of
eggs has almost doubled since 2001.

However, poultry health and productivity, as well as the quality of production obtained from it, strongly
depend on the sanitary condition of feeds, defined as the level of their contamination with
microorganisms, harmful substances of anthropogenic and natural origin. Mycotoxins are among the most
dangerous and ubiquitous grain and feed contaminants. They are produced by mold fungi of Aspergillus,
Penicillum, Fusarium, Claviceps, Alternaria genera that invade crops and products of crops processing. It
is believed, that among few hundred known mycotoxins, of the greatest concern, due to their high toxicity
and prevalence, are aflatoxins, ochratoxins, trichothecenes (deoxynivalenol, T-2 and HT-2 toxins),
fumonisins and zearalenone [1].

Monitoring must be an integral element of the system intended to ensure the quality of feeds.
Therefore, the objective of the present work was to survey the contamination of poultry feeds with
mycotoxins and other toxic substances.

The work was conducted at the State Poultry Reseach Station of NAASU from 2014 to 2016. The
content of aflatoxin B, deoxynivalenol, and zearalenone was determined by ELISA method
(«Ridascreen» test-kits, R-Biopharm AG); of T-2 and HT-2 toxins — by TLC-bioautography [2], and the
toxicity of feed extracts — by Lebistis reticulatus bioassay [3].

In total, 436 samples were analyzed, namely 124 samples of compound feeds, 125 — of maize, 111 —
of wheat, and 76 other samples (gluten, sunflower press cake, grain mixtures, feed grade yeast), which
resulted in 1856 determinations. The samples were obtained from more than thirty grain processing
enterprises and poultry farms.

The frequency of the analyzed samples contamination was not constant during the study — in 2015 it
had been much higher, than in 2014 or 2016 (image 1).
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Image 1. Mean frequencies of the analyzed samples contamination with mycotoxins by years

The observed unevenness of mycotoxin contamination is consistent with the works published by
SPRS researchers, as well as by other authors. For example, according to [4], the frequency of T-2 toxin
detection amounted to 55% in 2006 and only to 1.5 in 2010. Also, the outbreaks of corn contamination
with toxin-producing fungi and of mycotoxicoses in poultry farms are known to be periodical [5, 3].
However, the exact cause of this is hard to determine, since the frequency of mycotoxin contamination
depends on numerous natural and anthropogenic factors.

Throughout the survey, zearalenone was found to be the most frequent contaminant, and HT-2 toxin —
the least (respectively, 30 and 2% of the analyzed samples) (table 1).

1. The fraction of contaminated feeds

Contamination Analyzed samples / Contaminated samples
Compound feed Maize Wheat Other samples

Aflatoxin B 74/22 90/11 94/5 25/8
Ochratoxin 57124 84/10 92/5 16/4

T-2 toxin 96/21 102/20 102/10 30/3

HT-2 toxin 96/5 102/1 102/1 30/0
Deoxynivalenol 64/24 86/6 92/5 20/5
Zearalenone 51/24 85/15 91/10 19/8

Toxic by bioassay 76/29 22/6 13/4 45/20

Low frequency of HT-2 toxin detection, taking into consideration its comparatively high concentrations,
found in feeds (up to 0.24 mg/kg, table 3), might be explained by relatively low sensitivity of the method
used for its determination — 0.1 mg/kg (sensitivity of the methods, used for zearalenone, deoxynivalenol
and T-2 toxin determination amounted to 50, 20 and 10 mkg/kg respectively). So, the existence of
considerably greater frequencies of HT-2 toxin contamination, than found in present work, cannot be
excluded.

The frequencies of other mycotoxins detection in wheat and maize samples varied from 5 to 20, and in
compound feed and other samples — from 10 to 40%. Obtained result is in certain contradiction with the
popular notion that aflatoxins do not occur in countries with temperate climates. However, widespread
distribution of aflatoxins was also demonstrated in other surveys [6]. This, in part, might be explained by
the high sensitivity of the modern methods used for aflatoxins determination (<1 mkg/kg).

Approximately a quarter of the analyzed samples appeared to be contaminated by at least one
mycotoxin, and a third contained substances toxic for fish (tables 1 & 2).



2. Co-contamination of the analyzed samples with mycotoxins

Contamination  with | Contaminated samples, % of analyzed

mycotoxins Compound feed Maize Wheat Other samples
One 43 15 14 37

Two 31 14 5 37

More than two 24 6 2 12

The frequency of maize co-contamination was 2-3, and of wheat — up to 9 times lower, than that of
compound feeds or other samples. Also, they less frequently appeared to be toxic for fish (table 1).
Among possible reasons for the lower frequency of wheat and maize contamination, in comparison to the
products of their processing (compound feeds, gluten, grain distillery dregs used for yeast cultivation),
might be that grains were more likely to be analyzed shortly after harvest. Consequently, strengthening of
the measures, aimed at prevention of mycotoxin contamination during storage, might have the potential
for improving the safety of feeds.

The highest levels of contaminations were observed with deoxynivalenol (up to 1 mg/kg). Maximum
concentrations of zearalenone, HT-2 and T-2 toxins were more than three times lower — 0.1-0.3, and for
aflatoxin B; and ochratoxin, they amounted only to 0.01-0.06 mg/kg (table 3).

3. Mycotoxin concentrations in samples, mkg/kg

Mycotoxins Feed samples

Compound feed Maize Wheat Other samples
Maximum concentrations
Aflatoxin B; 10 10 10 12
Ochratoxin 14 60 7 43
T-2 toxin 70 60 96 80
HT-2 toxin 180 120 240 -
Deoxynivalenol 1000 200 100 700
Zearalenone 300 210 40 450
Mean concentrations
Aflatoxin B: 3 4 5 6
Ochratoxin 6 9 3 14
T-2 toxin 17 20 37 40
HT-2 toxin 70 - - -
Deoxynivalenol 200 60 30 270
Zearalenone 50 40 20 180

Just a small fraction of the analyzed feed samples (less than two percent) contained mycotoxins in
concentrations that amounted to more than a half of the maximum permissible levels (MPL), established
in Ukraine for poultry feeds. Among all determinations performed, only contamination of a maize sample
with ochratoxin was found to exceed the MPL (image 2).
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Image 2. The ratio of the maximum mycotoxin concentrations, found in the analyzed feed samples, to
corresponding MPL

Note: MPL of poultry feed contamination with mycotoxins amount to: for aflatoxin B1 — 0.02,
ochratoxin — 0.05, T-2 toxin — 0.1, deoxynivalenol — 1, and zearalenone — 0.5 mg/kg (HT-2 toxin is not
regulated)[7].

Observed concentrations of mycotoxins in feeds are unlikely to cause any marked symptoms of
mycotoxicoses. For example, the maximum concentrations of T-2 toxin were dozens, and of other
mycotoxins — about a hundred times lower than necessary to cause a 10% weight gains reduction in
chickens (image 3).
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Image 3. Ratio of the maximal mycotoxin concentrations, found in samples, to such, that cause a 10%
weight gains reduction in chickens

Note: specified weight gain reduction can be caused by addition to feeds 2 mg/kg of aflatoxin B,
ochratoxin or T-2 toxin. The concentration of HT-2 toxin, required for this, amounts to 16 mg/kg, while
purified deoxynivalenol and zearalenone have virtually no effect on weight gains in chickens[8-13].

However, under “field conditions”, adverse influence on poultry health was reported even in cases of
feed contamination with trichothecene mycotoxins in concentrations similar to the observed. For example,
a case of decreased productivity of hens, associated with feeds contamination by less than 0.1 mg/kg of
T-2 of toxin has been reported [5]. Deoxynivalenol, to effects of feed contamination by which poultry is
considered almost insensitive, at concentration of 1 mg/kg was shown to decrease glucose transport in



broiler enterocytes [14]. Synergistic interactions with other mycotoxins are believed to be the reason for
comparatively greater toxicity of trichothecenes, when fed in the form of naturally contaminated feeds [15,
16]. This, taking into consideration the high prevalence of mycotoxin co-contamination, might create
certain risks of enteritis, immunity suppression, and other adverse effects, especially in young birds.

Conclusions

The levels of contamination, found in present work, are much lower than those, which can cause
marked symptoms of mycotoxicoses. However, the maximal concentrations of trichothecenes, found in
the analyzed samples, along with the high prevalence of co-contamination, pose a risk of their synergistic
interactions that might lead to adverse effects like enteric inflammatory diseases, immunity suppression.
That, along with variability of mycotoxin contamination, creates a necessity for systematic monitoring of
feed quality and corresponding application of prophylactic measures.
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