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ABSTRACT

The current study was aimed to investigate the effects of feeding Mospilan and Actara insecticides on egg production
performance and meat quality of laying hens. Experimental research was conducted in the laboratory of the
Department of Pharmacology and Toxicology of the National University of Life and Environmental Sciences of
Ukraine in 2015. The experiments were performed on five groups each consisting of seven chickens. The age of the
chickens at the beginning of the experiment was 150 days. The birds were fed the granulated compound feed. In M1
and M2 groups, Mospilan at doses of 65 mg/kg and 32.5 mg/kg of body weight were added to the feed, respectively.
In Al and A2 groups, Actara at doses of 360 mg/kg and 180 mg/kg of body weight were added to the feed,
respectively. Chickens of the control group were fed without the addition of insecticides to the feed. The feeding
period lasted 30 days and finally, egg production performance, meat quality, and gross pathological changes were
evaluated. Egg production rate in M1 and M2 groups in comparison to the control group decreased by 78.4 and
29.7%, respectively. Egg production rate in Al and A2 groups reduced by 89.2% and 48.7% compared to the control
group, respectively. Chickens in groups of receiving insecticides had pale skin and enlarged heart, also showed spot
hemorrhages in mucous membranes of the glandular stomach and intestine, color heterogeneity of the lungs, and the
liver was dark cherry in color with hemorrhage. In addition, the relative weights of internal organs decreased by 23-
36% in experimental groups. In the experimental groups, the pH of meat decreased at day 4 post-slaughter, and the
meat broth with the addition of 5% copper sulfate solution was slightly cloudy with flakes. The meat of birds from
the experimental groups was low toxic. Extracts from chicken meat of the experimental groups caused pathological
changes, inhibition of movements and death of 13-16% of Tetrahymena pyriformis infusoria. This study
demonstrated that the presence of Mospilan and Aktara in feed reduced the egg production rate, caused chronic
poisoning, changed biochemical processes in chicken meat and increased its toxicity.
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INTRODUCTION

The use of chemical plant protection products, including
insecticides, is an integral component of modern
agricultural production. Until the year 2000, organo-
phosphorus, pyrethroids and carbamates comprised 80%
of the global production of insecticides. Nowadays, new
generation compounds such as neonicotinoids, are widely
used and already registered in almost 100 countries
(Kovalenko et al., 2010). In Ukraine, more than 150
insecticides on the basis of five neonicotinoid active
substances, namely imidacloprid, thiacloprid, thiameth-
oxam, acetamiprid, and clothianidin are approved. Today,
the most widely used neonicotinoids are thiamethoxam

and acetamiprid (Kovalenko et al., 2010; Sekun, 2012;
Govorov et al.,, 2013) and the commercial insecticides of
Actara and Mospilan have been developed upon their
basis, respectively. In Ukraine, these drugs according to
"Hygienic classification of pesticides by degree of danger"
(MHU, 1998) belong to Class IV toxicity (low toxic
substances; LDg, = 501-5000 mg/kg of body weight in
mice) and have high efficacy, low accumulation in
mammalian tissues, and moderate persistence in
environment (Kovalenko et al.,, 2010; Sekun, 2012;
Govorov et al., 2013; Lin et al., 2019).

The intensive use of pesticides in crop production
leads to the accumulation in animal and poultry feed
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(Tomizawa et al., 2009). Moreover, farmers may apply
pesticides in violation of technical guidelines (using
excessive concentrations, increasing the frequency of
application, ignoring the required preharvest intervals),
which contributes to the accumulation of pesticide
residues in the environment (Bartlett et al., 2019) and
animal tissues, which negatively affect human health
(Craddock et al., 2019). In this regard, cases of
neonicotinoids poisoning in animals and birds have
increased in recent years (See, 2009; Seceroglu et al.,
2012; Lopez-Antia, 2015). In addition, neonicotinoids
have been detected in foods of animal origin such as milk,
meat and eggs (Seccia et al., 2008; Selvi et al., 2012; Yang
etal., 2012; Lachat et al., 2018).

There are almost no data on toxicity and long-term
impacts of accumulation of acetamiprid and thiamethoxam
in the organs and tissues of animals and birds. Therefore,
the investigations are needed to address the potential risks
of neonicotinoids to facilitate their safe use in crop
production. The aim of the present study was to evaluate
the effects of the long-term intake of Mospilan and Actara
insecticides on egg production, quality, and toxicity of
chicken meat as well as gross pathological aspects in
internal organs.

MATERIALS AND METHODS

Ethical approval

All animal experiments were in accordance with the
Law of Ukraine «On the Protection of Animals from
Brutal Treatment» and the recommendations of the
Directive 2010/63/EU of the European Parliament and of
the Council of 22 September 2010 on the protection of
animals used for scientific purposes.

Animals and study design

This study was conducted in the laboratory of the
Department of Pharmacology and Toxicology of the
National University of Life and Environmental Sciences of
Ukraine in 2015. The experiments were performed on 35
laying hens, Belarus-9 cross, with a mean body weight of
1049 + 50 g. The age of the chickens at the beginning of
the experiment was 150 days. The birds were kept in the
vivarium in accordance with the Sanitary Rules on the
Organization, Equipment, and Maintenance of Experi-
mental-Biological Clinics (Vivarium) in Ukraine. The
hens were placed in five cages (1x1 m? with seven
chickens in each cage. Each cage was equipped with a 40
W bulb. The chickens were fed the granulated compound
commercial feed (Kalinka-7021, Trouw Nutrition
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Ukraine). The compound feed consisted of corn (30%),
wheat (20%), soybean meal (20%), sunflower meal
(15.5%), soybean oil (1.5%), enzymes, limestone, kitchen
salt, monocalcium phosphate, vitamin, and mineral
premix. The nutrient composition of the feed is presented
in table 1.

Table 1. Nutrient composition of feed for laying hens

Nutrient Value
Crude fiber (%) 4.2
Crude fat (%) 3.6
Calcium (%) 3.8
Phosphorus (%) 0.59
Energy, Kcal/100 g 305
Total protein (%) 14

Feed was given on average 100 g /chicken/day and
water provided ad libitum. Before the beginning of the
experiment, the birds were kept for 15 days as an
adaptation period. The experiment included five groups
with seven birds in each group. Chickens in the control
group were fed the basal diet without additives. The birds
in M1 and M2 groups were fed the basal diet containing
the Mospilan (Nippon Soda Co., Ltd, Japan) at a dose of
65 and 32.5 mg/kg of average body weight, respectively
(equal to 1/10 and 1/20 LDs, in mice, respectively). The
chickens in Al and A2 groups were fed the basal diet
containing the Actara (Kwizda Agro GmbH, Austria) at a
dose of 360 and 180 mg/kg of average body weight,
respectively (equal to 1/10 and 1/20 LDsy in mice,
respectively).

The experiment period lasted 30 days. The birds
were monitored throughout the experiment. Consideration
was given to appearance, reaction to external stimuli, the
intensity and nature of the locomotor activity, the
condition of the feather cover and mucous membranes.
Also, the birds were observed for changes in body
position, behavior, feed and water intake. The egg
production of laying hens was determined by counting the
number of eggs laid per 10 days in each group. At the end
of the experiment, chickens were slaughtered to examine
pathological changes and to evaluate the meat quality.

Laboratory studies

Pre-slaughter inspection and post-mortem examin-
ations were carried out in accordance with Ukraine "Rules
of wveterinary inspection of slaughtered animals and
veterinary examination of meat and meat products”
(MAPU, 2002, Yakubchak, 2012). Pathological changes
were evaluated by gross examination of the internal
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organs. In addition, relative weights of internal organs
(liver, spleen, lungs, heart, muscular and glandular
stomach) calculated by the following formula:

__organ weight (g)

RW x100%

" body weight (g)

Meat quality was evaluated according to
(URTCSCQ, 2015). Muscle tissue samples were collected
from each slaughtered bird. The freshness of the meat was
determined 24 hours and 4 days post-slaughter. To assess
the meat freshness by the reaction of meat broth with a 5%
solution of copper sulfate, 20 g of shredded meat and 60
ml of distilled water placed in a conical flask. The flask
was placed in a boiling water bath for 10 minutes and after
that, the broth was filtered. Then 2 ml filtered broth was
poured into a test tube and 3 drops of 5% copper sulfate
solution was added, the test tube was shaken and left for 5
minutes, then results from reaction read.

In addition, the freshness of meat was evaluated by
reaction with peroxidase. For this, 2 ml of water extract of
meat was poured into a test tube and 5 drops of 0.2%
alcoholic solution of benzidine and 2 drops of 1%
hydrogen peroxide solution added.

The pH of meat determined by the potentiometric
method of URTCSCQ (2015) in aqueous extract

The toxicity of the chicken meat was determined
using the Tetrahymena pyriformis infusorium as a test
organism (Lemesh et all 1997). Briefly, 50 mg of muscle
tissue from each meat sample and 8 ml of 0.56% solution
of pharmacy sea salt were poured into a porcelain mortar,
then mixed to make a homogeneous mass. Next, 2 ml of
homogeneous mass was put in a glass vial and one drop of
a three-day culture of Tetrahymena pyriformis infusorium
strain WH14, grown on peptone medium, added. The vials
were closed with corks with holes, shacked and placed in a
laboratory container and incubated at 25 °C for 3 days.
After incubation, from each vial, one drop of infusoria
culture was placed on a slide and examined under a
microscope with low magnification. Toxicity was assessed
by the presence of dead infusoria, inhibition of growth as
well as changes in their shape and movement.

Statistical analysis

The results were statistically processed by using the
Microsoft Excel Data Analysis ToolPak. The differences
between the values were evaluated using the Student's t-
test. A p-value < 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

During the experiment, chickens in the control and
experimental groups moved actively and responded
appropriately to external stimuli. Body temperature was
within the physiological range (41-42 °C). Visible clinical
signs of poisoning and death were not found.

Egg production performance

Egg production in M1 group in comparison to
control group decreased by 9.7, 51.4 and 78.4% during the
first, second and third 10 days of study, respectively (p <
0.05), while reduction in egg production in M2 group was
2, 8.6 and 29.7% in aforementioned intervals, respectively
(p < 0.05) (Figure 1). Egg production in Al group
recorded 6.5, 68.6 and 89.2% reduction during the first,
second and third 10 days of the experimental period,
which was significantly different compared to the control
group (p <0.05). The egg production rate of A2 group was
similar to that of the control group during the first 20 days
of study. However, during 21 to 30 days of study, the
production rate in A2 group in comparison to the control
group decreased by 48.7% (p < 0.05) (Figure 1).

The decrease in egg production indicates metabolic
disorders, the development of profound changes in internal
organs and the body as a whole (Bazaka et al., 2017). In
this study, the reducing effect of Mospilan on the egg
production of chickens was less than the Actara effect,
although the toxicity of Mospilan was significantly higher
for mice in the laboratory experiments (Bazaka et al.,
2017). It is known that chronic pesticide poisoning
disrupts the barrier function of the intestinal mucosa,
thereby providing conditions for the spread of intestinal
microflora in the body and the occurrence of secondary
infections (See, 2009; Seceroglu et al., 2012; Lopez-Antia,
2015).

According to Millot et al. (2017) large-scale use of
neonicotinoid insecticides has raised growing concerns
about their potential adverse effects on farmland birds.
They reviewed the mortality incidents partridges and
pigeons, for which toxicological analyses detected
imidacloprid residues. Mortality was due to poisoning by
imidacloprid-treated seeds.

According to Van Lexmond et al. (2015)
consumption of small numbers of dressed seeds offers a
potential route for direct mortality in granivorous
mammals and birds, for such birds need to eat only a few
spilt seeds to receive a lethal dose. Lower doses lead to a
range of symptoms including impaired immune function,
reduced fecundity and lethargy.
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Figure 1. Egg production performance of laying hens in presence of Mospilan and Aktara insecticides in the feed. M1 and M2
groups were fed the basal diet containing the Mospilan at a dose of 65 and 32.5 mg/kg of body weight, respectively. Al and A2 groups were
fed the basal diet containing the Actara at a dose of 360 and 180 mg/kg of body weight, respectively. C: Control group.

Meat quality

Inspection of carcasses of birds slaughtered in
experimental groups (M1, M2, Al, and A2) revealed that
the surfaces of carcasses were pale and had a distinct
smell, which was not typical for fresh poultry. Other
organoleptic parameters corresponded to fresh meat.On
day 4 post-slaughter, pH values of meat in M2 and Al
groups were less than that in M1, A2 and control groups;
whereas the pH of chicken meat in experimental groups at
1 day post-slaughter was slightly different from that of the
control group (Figure 2).

Assessment of the meat quality by the reaction of
broth with 5% copper sulfate solution indicated that the
meat broth in samples obtained from the control group was
clear. While the broth samples from the experimental
groups were cloudy with flakes appearance, indicating the
occurrence of biochemical changes in the meat and
doubtful freshness of chicken meat.

Determination of peroxidase activity in meat samples
from control and experimental groups after 1 and 4 days
storage at 2-4 °C showed that aqueous extracts were blue-
green, which turned brown. This indicated a high activity
of peroxidase.

Thus, the results of the veterinary-sanitary evaluation
of laying carcasses indicated some disturbances of
biochemical processes in tissues affected by Mospilan and
Actara that may have negative effects on the quality and
safety of meat over long periods of storage.

The evaluation of toxicity using the Tetrahymena
pyriformis infusorium revealed that chicken meat of all
experimental groups was slightly toxic. The meat extracts
of chickens in the M1 group resulted in the death of 18%
of Tetrahymena pyriformis, inhibition of movements in
76% infusoria and morphological changes in 2.0%
infusoria. Extracts of poultry meat obtained from the M2
group resulted in the death of 16.0% of infusoria,
inhibition of movements in 79.0% infusoria and
morphological changes in 1% cases.

Chicken meat extracts of the Al group led to the
death of 15.0% of infusoria, also cells with inhibited
movements and morphological changes were 75% and
4%, respectively. The results of the toxicological
evaluation of the chicken meat in the A2 group revealed
that 13% of infusions were dead, 75% and 4.0% were cells
with inhibited movements and morphological changes,
respectively.
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Figure 2. The pH of meat of laying hens in presence of Mospilan and Aktara insecticides in the feed. M1 and M2 groups were
fed the basal diet containing the Mospilan at a dose of 65 and 32.5 mg/kg of body weight, respectively. Al and A2 groups were fed the basal
diet containing the Actara at a dose of 360 and 180 mg/kg of body weight, respectively. C: Control group
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Figure 3. The relative weights of the internal organs of laying hens in presence of Mospilan and Aktara insecticides in the
feed. M1 and M2 groups were fed the basal diet containing the Mospilan at a dose of 65 and 32.5 mg/kg of body weight, respectively. Al
and A2 groups were fed the basal diet containing the Actara at a dose of 360 and 180 mg/kg of body weight, respectively. C: Control group.

The relative weights of the internal organs are relative weight of liver, lungs, and muscular stomach, as
shown in figure 3. The obtained results in M1 group well as an increase in the relative weight of spleen by 37%
indicated a significant decrease in the relative weight of was observed (p<0.05). In A2 group, the relative weight of
heart by 25%, liver by 9%, lungs by 20%, and glandular heart significantly decreased by 23.0%, and liver by
stomach by 35% compared to the control group (p<0.05). 32.0%, however, the relative spleen weight was 21%
In Al group in comparison to the control, a decrease in the higher than that in the control group (p<0.05).
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Gross examination of the internal organs of laying
hens in the experimental groups revealed heterogeneity in
color of lungs, enlargement of the heart, hemorrhage in the
liver, spot hemorrhages on the mucous membrane of the
glandular stomach and intestines. Also, some chickens
showed swelling of the small intestine. The pathological
changes in the body indicated chronic poisoning.
Reduction of egg production, deterioration and pathomor-
phological changes in the body of birds demonstrated the
negative effect of insecticides Mospilan and Actara, even
at doses of 1/10 and 1/20 LDs, for mice.

CONCLUSION

The contamination of feed of laying hens with Mospilan
and Actara in subtoxic doses caused chronic poisoning,
which led to decreased egg production and meat quality,
reduced the weight of the liver, kidneys, lungs, stomach as
well as hemorrhages in the liver and mucous membrane of
the glandular stomach and intestines.
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