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Influence of Heat Stress on Some Physiological, Productive and
Reproductive Indicators in Dairy Cows — A Review

Martin Stojnov!, Dimo Dimov', Toncho Penev', Ivaylo Marinov?, Jurii Mitev',
Chonka Miteva', Krasimira Uzunova®
'Department of Ecology and Animal Hygiene, Faculty of Agriculture, Trakia University, 6000 Stara Zagora, Bulgaria
“Department of Animal husbandry — Ruminant animals and animal products technologies, Faculty of Agriculture,
Trakia University, 6000 Stara Zagora, Bulgaria
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Abstract. The purpose of this review is to examine the scientific literature on the effects of heat
stress on some physiological, productive and reproductive parameters in dairy cows. The article ana-
lyzes the scientific papers in which the influence of heat stress and its impact on some indicators is
studied. As a result of the review, it became clear that heat stress has an impact on the studied indica-
tors, but there are no clear criteria at which values of temperature-humidity index (THI) this effect is
registered. The relationship between heat stress, productivity, successive lactation and physiological and
reproductive parameters in dairy cows is still controversial. This poses a challenge, through research,
to solve the problems in regards to high temperature and animal welfare and productivity for specific

climatic conditions.

Introduction

Heat stress in dairy cows is considered to be a
combination of environmental factors that cause an
increase in body temperature and a number of other
reactions.

Temperature and humidity are considered to be
the main indicators of the environment. There are
other additional environmental factors such as air
velocity and solar radiation that affect the cooling of
cows under heat stress. In order to take into account
the impact of all these meteorological conditions and
their impact on the formation of heat stress, indices
have been developed to measure the value of this
stress.

As aresult of heat stress in the body of cows, a num-
ber of physiological changes are observed. The main
ones are changes in body temperature, respiratory rate,
heart rate, digestive changes, hormonal reactions and
reactions in the acid-base balance of the body. Under
the influence of heat stress and the physiological-
adaptive processes in cows, there are changes in the
quantity and quality of milk produced, as well as a
number of reproductive changes, usually associated
with deterioration of reproductive performance under
heat stress.

Despite many studies on the topic of heat stress in
dairy cows, research continues to this day. Data on the
impact of heat stress on dairy cows varies, as they are
conducted in different parts of the world, characterized
by the specifics of climatic characteristics, as well as
some individual characteristics of reared cows, such as
breed, productivity and others.

Correspondence to Toncho Penev, Department of Ecology and
Animal Hygiene, Faculty of Agriculture, Trakia University,
Bulgaria. E-mail: tonchopenev@abv.bg

All this makes the issue of heat stress relevant,
given the search for an adequate response and
addressing its consequences.

Heat stress in modern cattle breeding

Heat stress is defined as a set of external forces
that act directly on the animal’s body, causing an
increase in body temperature and inducing a series
of adaptive responses (Dikmen and Hansen, 2009).
The steady rise in temperatures and global warming
(Schiér et al., 2004), combined with the significant
increase in the number of productive animals and
the intensification of cattle breeding (Renaudeau et
al., 2012), make heat stress a great challenge and a
problem for modern farmers. Given the normally
high heat loads in productive dairy cows caused by
the large amount of energy used for milk production
and other physiological needs (Chebel et al., 2004),
high temperatures and humidity can significantly
contribute to deterioration in the health status of
animals and impairment of their comfort (West,
2003). Not surprisingly, the problem of heat stress
is most common in geographical areas where the
summer season is long and prolonged exposure to
sunlight and high humidity is established (Schiiller et
al., 2014). Animals located in northern geographical
areas may also be exposed to heat stress, where the
summer season is shorter but hot enough and there is
a minimal drop in temperature during the dark part
of the day. Heat stress leads to significant economic
losses for farmers, deteriorating many productive,
reproductive and health indicators in cows.

Environmental parameters influencing as a
risk factor for heat stress
Cows are able to adapt to changing temperature and
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humidity conditions throughout the year (Kadzere et
al., 2002). This is confirmed by the relatively wide
range of thermo-neutral conditions found in cattle.
Temperature fluctuations in the range of —0.5—
20.0°C and 60-80% relative humidity (West, 2003)
are generally accepted as a thermo-neutral value that
does not significantly affect the normal physiology of
animals. Berman et al. (1985) claim that the upper
limit of the air temperature at which the basic body
temperature in cattle can be maintained is 25.0—
26.0°C.

Air temperature and relative humidity are con-
sidered to be the most important factors that
determine the heat exchange between the animal’s
body and the environment. Other important elements
of the microclimate — such as air movement and sun-
light — also play a significant role in inducing a heat
stress response in animals (West, 2003; Da Silva et
al., 2010). Changes in air velocity affect convection
cooling in cows (Davis and Mader, 2003). The
recommended air velocity for dairy cattle in the
United States during heat stress is 1.8 to 2.8 m/s
(Bailey et al., 2016). Berman (2005) believes that
air velocity is lower when cows move in the barn, so
measurements do not always reflect real values. This
is in line with the study of Herbut (2013) and Hempel
(2018), which indicated the need for measurements in
the entire area where the cows are housed, and not just
in individual points. Kadzere et al. (2002) note that
during the hot months, maintaining an air velocity
above 1.0 m/s at high humidity (e.g., by means of
sprayers) significantly cools the animal’s body.

Solar radiation is one of the leading environmental
factors affecting ruminants (Schutz et al., 2009). Ra-
diation includes both direct radiation from the sun
and diffuse radiation received from the sky and/or
reflected from clouds (Da Silvaetal., 2010). The effects
of radiation, whether direct, diffuse or reflected, can
be a major determinant of the environmental con-
ditions in which cows are reared, mainly in grazing
(Schutz et al., 2008; Tucker et al., 2008). Studies
conducted in free barns show significant differences
in microclimate conditions. These variations are the
result of the higher air temperature and litter surface
observed during the day in boxes adjacent to walls
that are exposed to direct sunlight compared to those
in the shade (Angrecka and Herbut, 2016).

Many environmental indices have been proposed,
which are used to measure meteorological conditions.
Examples are the THI, the Black Globe-Humidity
Index (BGHI) and the Environmental Sustainability
Index (ESI). The situation with heat stress has
been shown to worsen when high relative humidity
is observed at high air temperatures in the animal
environment (Hill and Wall, 2015; Herbut et al.,
2018 b). Over the years, two main methods have
been developed to assess environmental risk factors
and animal responses to changing environmental
conditions. The first of them is a variety of different

indices of temperature and humidity, expressed
in absolute values, which determine the thermal
comfort of animals. The second includes algorithms
expressed in °C. The indices have undergone many
modifications and include different ranges of values
that determine the threshold levels of heat stress in
dairy cows.

Physiological changes in the body of animals
that are affected by the effects of heat stress
Body temperature

The body temperature of cows under
thermo-neutral conditions is maintained by the
thermoregulatory system in the range of 38 to 39.2°C
(Ammer et al., 2016). Under these conditions, the
heat exchange in the animal’s body (through cell and
vascular membranes) and the heat exchange with the
environment are balanced. This process is almost
always dynamic (Taylor et al., 2014).

When the ambient temperature is elevated,
mechanisms are activated in the body that aim to
maintain the homeostasis and temperature status of
the animals or to regulate them within acceptable
physiological limits (Werner et al.,, 2008). The
mechanisms that release excess heat from the body
are regulated by the hypothalamus. It receives
information about fluctuations in body surface
temperatures and deeper tissues from receptors
located on them. Under temperature stress, a rapid
response is induced, initiated by skin receptors. As
a result, the central nervous system, the endocrine
system and peripheral components of the autonomic
system are activated (Colier et al., 2012).

When thermoregulatory mechanisms prove insuf-
ficient to dissipate external heat, body temperature
rises. At values > 39.4°C, a state of hyperthermia
occurs. Nowadays, temperature changes on the surface
of the body as well as in the internal body temperature
can be easily monitored using non-invasive methods
such as thermography (Godyn et al., 2013; Hoffmann
et al., 2013; Unruh et al., 2017 , Hristov et al. 2021a;
Hristov et al. 2021b) or small wireless sensors (Lees et
al., 2018). Cattle body temperature can be measured
in various parts of the body, such as the abdomen,
ear canal and vagina, but the most common method
of assessing internal body temperature is to measure
rectal temperature. Lemerle and Goddard (1986)
found that rectal temperature began to rise at THI
values > 80. Collier et al. (2006) found that cows
reared in shady areas had a rectal temperature 0.5°C
(38.9 to 39.4°C) lower than cows exposed to direct
sunlight without shade access.

Respiratory rate

Sweating and panting are considered to be the first
and main reactions of animals to temperature stress.
Collier et al. (2012) reported that the body of animals
is in the acute phase of response to heat stress when
the skin temperature reaches 35°C and the respiratory
rate is 60—70 dd/min. Lemerle and Goddard (1986)
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found that the respiratory rate began to increase
gradually, at THI > 73, and significantly rapidly at
THI > 80. It has been proven that the value of this
physiological parameter depends on the amount of
shade and cooling in the area where the cows are
raised, their age and the time they spend in an upright
and lying position. In adult cows, a respiration rate
of up to approximately 80 breaths per minute has
been observed (Stevens, 1981). In addition, Collier
et al. (2006) found that cows kept in shady areas had
a respiratory rate of 54 breaths per minute, while
cows without access to shading had 82 breaths per
minute. Similar results were reported by Eigenberg et
al. (2005), whose studies found about 16 rpm more
in cows raised without access to shady areas. Cows
reared in free barns with a cooling system showed a
reduction in the number of breaths per minute from
95 to 57 (West, 2003). Based on studies conducted
in the afternoon, Chaiyabutr et al. (2008) found that
cows kept in refrigerated rooms made 64 breaths
per minute, while cows in uncooled areas made 86
breaths per minute.

Heart rate

When the animals body is exposed to heat,
cardiac output increases. While the stroke volume
is maintained or slightly increased, the heart rate
accelerates significantly and is the main driving force
behind this process (Johnson and Proppe, 1996).
Control and regulation of the heart rate in heat
stimuli may be a consequence of direct irritation
of high temperature on the sinoatrial node and the
sympathetic and parasympathetic nerve endings of
the heart (Wilson and Crandall, 2011). Kovacs et al.
(2018) found that Holstein calves reared in conditions
of extreme heat load without shade have a higher heart
rate than calves kept in the shade. Similar results are
shared by Bun et al. (2018) in a study of dairy cows.
Dalcin et al. (2016) found that at a BGHI value of
72, the heart rate began to increase linearly in dairy
cattle.

Digestion and absorption of nutrients

Digestion is influenced by various factors, such as
the time the animals consume the food, the quality
of the food, the composition of nutrients, the rate at
which nutrients pass through the digestive tract and
the volume of the digestive organs (Ellis et al., 1984).
All these factors are affected by heat stress. At high
temperatures, reduced food intake leads to increased
digestive processes by slowing the movement of food
in the proventriculus and increasing the volume of
the rumen (Lippke et al., 1975). These physiological
changes are more pronounced in animals that
consume more feed.

Peripheral vasodilation and central vasoconstriction
lead to a reduced blood flow to the proventriculus
of ruminants (Engelhardt et al., 1977). This in turn
reduces the plasma flow through the portal vein,
which inhibits nutrient absorption (McGuire et al.,

1989).

Influence of heat stress on hormones in dairy

cows

The endocrine system, which is a major link in
the coordination of metabolism, changes significantly
when animals are under heat stress (Beede et al., 1986).
Hormones associated with adaptation to heat stress
are prolactin (PRL), growth hormone (GH), thyroid
hormones, glucocorticoids, mineralocorticoids, ate-
cholamines, and antidiuretic hormone (ADH). Pro-
lactin is vital for mammogenesis (Buttle et al., 1979),
lactogenesis (Akers et al., 1981) and to varying
degrees for galactopoiesis (Wilde et al., 1996). Plasma
PRL concentrations increase during heat stress in
dairy cows (Wetteman et al., 1979). Collier et al.
(1982) suggest that increased PRL is associated with
increased water and electrolyte requirements when
animals are exposed to heat stress.

Growth hormone is produced in the anterior
pituitary gland. It does not perform its functions
through the target gland, but exerts its effect on
almost all tissues of the body. Plasma GH levels
decreased from 18.2 ng/mL in thermo-neutral envi-
ronments to 13.5 ng/mL in heat stress in Jersey cows
(Mitra et al., 1972). Igono et al. (1988) reported that
the GH content in the milk of low, medium and
high productive groups of cows decreased when the
THI exceeded 70. A decrease in plasma GH was not
observed in cows reared in thermo-neutral conditions
subjected to the same diet (McGuire et al., 1989).
Decreased GH hinders the formation of energy used
for heat production in the body of animals (Bauman
et al., 1980). GH also promotes heat production by
stimulating thyroid activity (Yousef et al., 1966).
Therefore, decreased secretion of the growth hormone
is more than a physiological response necessary for
the survival of homothermic animals at high ambient
temperatures.

The thyroid gland secretes triiodothyronine (T3)
and thyroxine (T4). These hormones are essential
for the regulation of metabolism and have a positive
correlation with weight gain and tissue formation
(Magdub et al., 1982). The response of T3 and T4 to
heat stress is slow and it takes several days to reach
a constant level of concentration (Silanikove, 2000).
A decrease in plasma T3 concentrations from 2.2 to
1.16 ng/mL was reported by Johnson et al. (1988).
This decrease in thyroid hormones together with the
decreased level of GH in plasma has a synergistic
effect in the body’s desire to reduce heat production
(Yousef et al., 1966).

Acute and chronic heat stress lead to various
changesinglucocorticoid concentrations. Alvarezand
Johnson (1973) reported an increase in glucocorticoid
levels from 2.4 to 3.9 pg/100 mL (62%) by the
second hour of heat exposure, reaching a peak of
5.4 ug/100 mL (120%) at the 4™ hour, then gradually
decreasing to the norm of 2.4 ug/100 mL at the 48"
hour, maintaining this concentration despite the
continuing thermal irritant. The initial increase in

Veterinarija ir Zootechnika 2022;80(2)



4 Martin Stojnov, Dimo Dimov, Toncho Penev, Ivaylo Marinov, Jurii Mitev, Chonka Miteva, Krasimira Uzunova

plasma glucocorticoids is due to the activation of an
adrenocorticotropin-releasing mechanism (ACTH)
in the hypothalamus by skin thermoreceptors
(Chowers et al., 1966), while a later decrease to
normal, despite continued thermal irritation, shows
negative feedback between increasing glucocorticoid
concentrations and reporting a decrease in
glucocorticoid-binding transortin (Lindner, 1964).
Glucocorticoids act as vasodilators, promoting heat
loss. They have a stimulating effect on proteolysis
and lipolysis, thus providing energy to the animal,
compensating for reduced food intake (Cunningham
and Klein, 2007).

The relationship between heat stress, plasma
aldosterone concentration and urinary electrolyte
excretion has been documented by EI-Nouty et
al. (1980). Plasma aldosterone concentrations
remained unchanged during the first few hours of
heat exposure. However, with prolonged exposure,
it is 40% lower and decreases rapidly in the following
hours. This decrease in aldosterone levels is due to
a decrease in serum K levels as a result of increased
sweat excretion (El-Nouty et al., 1980) and is
explained by the large difference between ruminants
and non-ruminants in terms of Na and K during heat
stress. Non-ruminants excrete sweat with high Na
concentration and low K concentration (Lippsett et
al., 1961); unlike ruminants, in which the opposite is
true. The concentration of catecholamines increases
in both acute and chronic heat stress. Alvarez and
Johnson (1973) reported an average increase of
45% and 42% for short and 91% and 70% for long
heat exposure for adrenaline and noradrenaline,
respectively. Allen and Bligh (1969) reported
that catecholamines activate the sweat glands and
participate in the regulation of their activity.

Increased plasma osmolarity and decreased blood
volume lead to secretion of ADH by the pituitary
gland, which in turn acts on the kidneys, leading
to water retention (Cunningham and Klein, 2007).
Increased loss of water through the airways and skin
of heat-stressed animals results in increased secretion
of ADH, which is intended to retain water in the body
and increase its intake (El-Nouty, 1980).

Acid-base balance and heat stress

Cows subjected to heat stress usually show changes
in acid-base balance as a result of physiological
reactions accompanying the cooling of the body.
Frequent respiratory activity and sweating increase
in proportion to the body’s need for cooling.
Accelerating respiration increases CO2 loss through
pulmonary ventilation, reduces the concentration
of carbonic acid in the blood and upsets the balance
with bicarbonate, which changes the pH of the blood
and leads to respiratory alkalosis (Benjamin, 1981).
Compensation for respiratory alkalosis includes
increased urinary excretion of bicarbonate (Benjamin,
1981), which leads to a decrease in its concentration

in the blood.

Influence of heat stress on productive

indicators

Amount of milk

Lactating cows are more sensitive to heat stress
than dry cows. This is due to milk production, which
significantly speeds up metabolism (Purwanto et al.,
1990). In addition, due to the positive relationship
between milk production and heat production, cows
with higher milk yields are more prone to heat stress
than animals with lower milk yield (Spiers et al., 2004).
When a cow is under heat stress, adaptive mechanisms
are activated that reduce the nutrients used for milk
synthesis (West, 2003; Rhoads et al., 2009). At the
same time, it speeds up the metabolism caused by
the activation of the thermoregulatory system.
Under mild to severe heat stress, the requirements
for maintaining a normal metabolism can increase
from 7 to 25% (NRC, 2001), which can lead to a
significant decline in milk production. Reduced milk
production is often used in various studies as an
indicator of reduced welfare of animals that are already
susceptible to diseases such as mastitis (Gréhn et al.,
2004). Rushen et al. (2001) reported that milk yield
decreased instantaneously when cows were exposed
to a stressful or unfamiliar environment. In this
regard, it is often accepted that milk production can
be interpreted as a direct indicator of animal welfare
and can be used by farmers as a way to assess the
condition of cattle in changes in their environment
(e.g., increase in ambient temperature or changes in
diet). Others have challenged milk production as an
acceptable indicator of well-being (von Keyserlingk et
al., 2009), especially in cows exposed to heat stress.
The reason is the delay in registering a decline in
milk production after the animals have already been
exposed to high ambient temperatures. Collier et al.
(1981) reported a delay of 24 to 48 hours from an
increase in ambient temperature to a decline in milk
production. Additional evidence provided by Linvill
and Pardue (1992) indicates that milk production only
begins to decline when the THI consistently exceeds
74 for the previous 4 days. From this, it is clear that
if changes in milk production are detected only on
days after which the animals have already been under
heat stress, this measure is limited and at best indirect
to assess the welfare of cattle (von Keyserlingk et al.,
2009). Despite the identified barriers to the use of milk
production as an indicator of welfare in dairy cows,
recent data suggest that changes in milk composition
may be far more useful in assessing the condition of
animals exposed to immediate heat stress (Hu et al.,
2016).

Relationship between heat stress, dry matter

intake and milk production

Many scientific publications show a link between
the occurrence of heat stress and reduced dry matter
intake (DMI), as this is an immediate adaptive
response in animals (Kadzere et al., 2002; West,
2003; Rhoads et al., 2009). The reduced productivity
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of the animals during heat stress is explained only
by parts with reduced DMI. Baumgard et al. (2011)
claim that lower consumption of heat-stressed cattle
explains only 35-50% of the decline in milk yield.
According to Slimen et al. (2016), heat stress causes
a reorganization in the use of body resources such as
fat, protein and energy. Post-absorption metabolism
is altered, and this occurs regardless of the decline
in food intake (Slimen et al., 2016). Noordhuizen
and Bonnefoy (2015) found a decrease in milk
production of 600-900 kg of milk per lactating cow
and a decrease in feed intake with 0.85 kg DMI per
cow less for each 1° increase in ambient temperature
C (West, 2003). According to Kadzere et al. (2002),
DMI in cows can report a decrease of up to 40% when
the ambient temperature exceeds 30°C, which leads
to a deterioration of the energy balance. According
to research by Bouraoui et al. (2002), increasing the
value of THI from 68 to 78, leads to a decrease in
DMI by up to 9.6%. In West’s study (2003), food
intake began to decline one day after the onset of
heat stress. In addition, West (2003) found a decrease
in milking 2 days after the animals were under heat
stress. The study by Herbut et al. (2018), conducted
in free barns, also revealed a 2- to 4-day delay before
a decline in milk production was found. Studies
show that the decline in milk production depends
on both the strength of the heat wave and the length
of previous warm periods. The large number of hot
days in July and August leads to a rapid response of
animals to subsequent changes in thermal conditions
in the coming months (Herbut et al., 2018a).

Relationship between heat stress, water intake

and milk production

Water intake is extremely important for dairy
cattle. For cows producing 41.5 kg of milk per day
under thermo-neutral conditions, the water intake is
about 135 kg per day (Kadzere et al., 2002). Variations
in water intake are closely related to DMI and milk
yield, ambient temperature, and relative humidity
(Cardot et al., 2008). Water for the animals must be
provided in appropriate quantities and temperatures.
A 10% decrease in the body’s water supply in cows can
adversely affect milk production (Gonzalez Pereyra et
al., 2010).

Quality composition of milk

Results from studies by various authors (Bouraoui
etal., 2002; Hammami et al., 2013) also report a direct
link between heat stress and deterioration in milk
quality. Poor temperature and humidity conditions
lead to an increase in the number of somatic cells in
milk and a decrease in fat and protein (Hammami et
al., 2013; Lambertz et al., 2014). As THI increases, so
does the number of somatic cells.

Lipids are one of the main components of milk.
The dominant fraction of milk fat is TAG (about
98%), present in the form of fat globules (Mansson,
2008). In addition to being an energy source, the
composition of TAG is important for human health

and the properties of dairy products (Jensen, 2002;
Palmquist, 2006). The second most important
fraction of milk fat are polar lipids, which are a major
structural element of the membrane of fat globules
and thus play the role of emulsifier, ensuring the
stability of the milk emulsion system (Fong et al.,
2007, Sanchez-Juanes et al. 2009). The main classes of
lactic polar lipids include phosphatidylcholine (PC),
phosphatidylethanolamine (PE), phosphatidylserine
(PS), phosphatidylinositol (PI), sphingolinositol (PI),
sphingomylyscholine LP, lactosylceramide (GC) and
laczylceramide (2002).

By correlating the meteorological data with the
characteristics of fatty acids (FA), it was found that
an increase in THI shows a decrease in the content
of short-chain and medium-chain fatty acids and an
increase in long-chain (Hammami et al., 2015). A
similar conclusion was made in other studies of heat-
stressed cows (Lacetera et al., 2003). However, these
results have not always been convincing, as the effect
of heat stress is often confused with different eating
patterns over the seasons. Regarding the effect of heat
stress on the TAG profile and polar lipid composition,
no information is available.

Influence of heat stress on reproductive

indicators

The decline in the number of cows bred during
the summer season can vary between 20 and 30%,
despite the presence of animals that clearly show
estrus (De Rensis and Scaramuzzi, 2003). High
ambient temperatures have a negative effect on a cow’s
ability to behave naturally during heat, as it reduces
the duration and intensity of estrous expression
(Orihuela, 2000). The reason for this is considered to
be the reduced intake of dry matter and the subsequent
disturbance in the production of hormones (Westwood
et al.,, 2002). An additional reason is the desire
of man to turn cows from a “seasonal” to a “year-
round” breeding unit. The adverse effects of heat
stress on the reproductive cycle are year-round, but
significantly more severe during the summer months.
Hansen and Aréchiga (1999) report reduced estrus
in heat-stressed dairy cows. These authors believe
that heat stress causes physical lethargy, which acts
as an adaptive mechanism that limits the additional
heat production of the animal already generated by
activities during estrus. Additional evidence suggests
that jumps as an indicator of estrus in beef cattle are
significantly less in summer than in winter (White
et al., 2002). A shorter duration of estrus is found
when European breeds move to the tropics, with
differences in climate and nutrition (Orihuela, 2000).
Reproductive indicators are often used as an indicator
of well-being in heat-stressed cows, as problems
with animal breeding (De Rensis and Scaramuzzi,
2003), ovum quality disorders (Roth et al., 2001) and
abortion or early embryonic mortality (Silanikove,
2000) are common during these periods. However,
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these indicators are retrospective in nature and only
give us information that the animal was already in a
state of stress. Therefore, these data are of greater value
in the management of future nurseries and as a means
of determining the need to implement improved
strategies to combat heat stress. A more accurate and
useful indicator for assessing well-being is measuring
the rectal temperature on the day of insemination.
Pereira et al. (2013) reported that the chance of
fertilization up to 60 days registered a decrease from
21% to 15% at a rectal temperature higher than
39.1°C found during artificial insemination.

Heat stress alters the reactions along the

hypothalamic-pituitary-ovarian axis

Because the main hormones that regulate ovarian
function are gonadotropin-releasing hormone from
the hypothalamus and gonadotropins, luteinizing
hormone (LH) and follicle-stimulating hormone
(FSH) from the anterior pituitary gland, some authors
have investigated the effect of heat secretion on stress.
Changes in LH concentration under the influence of
heat stress in the peripheral blood are intermittent.
Some studies report unchanged concentrations
(Gwazdauskas et al., 1985; Gauthier, 1986), while
others report an increase (Roman-Ponce et al., 1981)
and reduced concentrations (Madan and Johnson et
al., 1973; Wise et al., 1988; Gilad et al., 1993; Lee,
1993). Regarding the model of LH secretion in cows
subjected to heat stress, there is a decrease in the
amplitude of the LH pulse (Gilad et al., 1993) and LH
pulse, as well as in their frequency (Wise et al., 1988).
The effect of heat stress on the LH preovulatory peak
is also controversial: a decrease in the endogenous
LH peak from heat stress has been reported in
heifers (Madan and Johnson, 1973) but not in cows
(Gwazdauskas et al., 1981; Gauthier, 1986; Rosemberg
et al., 1981). The reasons for these discrepancies are
unclear. These differences are thought to be related to
preovulatory estradiol levels, as the amplitude of tonic
LH impulses and the GnRH-induced preovulatory
plasma peak of LH are lower in cows with low plasma
estradiol concentrations but not in cows with high
plasma concentrations of estradiol (Gilad et al., 1993).
Plasma inhibin concentrations in summer are lower
in heat-stressed cows (Wolfenson et al., 1995), which
may reflect impaired folliculogenesis, as a significant
proportion of plasma inhibin comes from small and
medium-sized follicles. Plasma FSH concentrations
are higher during the preovulatory period in summer;
this is associated with lower circulating concentrations
of inhibin (Ingraham et al., 1974).

Influence of heat stress on gametogenesis and

embryo

Gametogenesis is sensitive to temperature changes.
Normal spermatogenesis requires a temperature that
is below normal body temperature. Recent evidence

suggests that oocyte development is also sensitive to
temperature (Rutledge et al., 1999). The negative
effects of heat stress on fertility may be the result of
the direct effect of high temperatures on the ovaries
and the quality of oocytes, respectively.

The intrauterine environment is also compromised
in cows that are subjected to heat stress; decreased
blood flow to the uterus and increased temperature
(Roman-Ponce et al., 1978; Gwazdauskas et al.,
1975). These changes inhibit embryonic development
(Rivera and Hansen, 2001), increase early embryonic
death, and lead to unsuccessful inseminations. The
high ambient temperature indicates a negative effect
on the embryos in the pre-attachment stage (Ray
et al. 1992), but the degree of this effect decreases
gradually with the development of the embryo (Ealy
et al., 1993). Heat stress can affect the endometrium
of the uterus, leading to premature secretion of
prostaglandins (Putney et al., 1989), followed by
luteolysis and fetal loss. Most often, embryonic death
occurs by the 42" day.

Influence of heat stress on the development of

follicles

Heat stress slows follicle expression and prolongs
follicular wave, leading to adverse effects on oocyte
quality (Roth et al., 2001; Badinga et al., 1993) and
follicular steroidogenesis (Roth et al., 2001; Howell
et al., 1994; Palta et al., 1997). Heat stress suppresses
the development of dominant follicles, which causes
more medium-sized follicles to survive (Wolfenson
et al., 1995; Roth et al., 2000; Wilson et al. 1998;
Vasconcelos et al., 1998; Badinga et al., 1993). Thus,
the duration of preovulatory follicle dominance
increases in summer, which in heifers is negatively
related to fertility (Mihm et al., 1994). When the
expression of an individual dominant follicle is
suppressed, it is possible to develop more than one
dominant follicle, which is reflected in twins, which
can often be observed in summer (Ryan et al., 1991).

Conclusion

As a result of the review, it became clear that
the topic of heat stress and its impact on dairy cows
has been widely studied in many parts of the world.
Despite the many data from various authors, there
is still no unanimous opinion on which indices
are the most accurate and at which values of the
temperature-humidity index measures need to be
taken. Particularly interesting is the question of the
adaptability of dairy cattle to heat stress and its effects
on their physiological, productive and reproductive
indicators. Following the review, it is clear that
research on the issue is likely to continue in order to
find adequate solutions to the issue of heat stress and
its impact on dairy cows.
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Effects of Different Cooling Systems on Cows’ Behaviour
and Comfort during the Hot Period
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Abstract. The purpose of this study was to compare the effects of high temperatures on the behavior,
comfort and thermoregulation energy consumption of cows at free-stall keeping in two barns. The first
barn had the system of forced ventilation and air irrigation, and the second one had only fans. Barn
parameters were (Length x Width x Height) 94 x 32.1 x 10.5 m. The research was conducted in cen-
tral Ukraine (Kyiv region) during July 2021. The average daily ambient temperature during the study
period was +26.4°C. In each of the barns, the groups of similar of non-pregnant and lactating animals
(107 £ 14 days in milking) of Holstein breed were formed. Cows were fed the total mixed ration twice
a day in both barns. Hours of air cooling elements operation in the barns were from 10.00 to 18.00.
The use of fans in combination with irrigation systems during hot periods had a positive effect on the
heat transfer of cows compared with the heat transfer of cows that were in the barn with fans. With this
combination, the temperature of the skin and the resting place under the lying cow and energy consump-
tion for heat production were 0.5°C and 0.8°C and 3.1 M] lower. In addition, this combination of air
cooling systems had a positive effect on the duration of lying down and eating food (32 and 16 minutes
longer, respectively), and the indicators of standing time, physical activity and drinking were lower by
16, 21 and 6 minutes, respectively. Accordingly, the best values were the cow comfort index (CCI), stall
use index (SUI) and cow feeding index (CFI) (4.78, 4.87 and 0.08). In terms of stall standing index
(SSI), stall perching index (SPI) and cow drinking index (CDI), slightly higher rates were observed in

the barn using fans only (3.72, 1.06 and 0.013).

Introduction

Dairy cow breeds are the most vulnerable animals
to heat stress, and highly productive lactating cows
stress at temperatures above +25°C or even +20°C.
Heat stress is a global phenomenon and is studied
even in countries with moderate temperate climates
(Dunn et al., 2014; Angrecka and Herbut, 2016).
The world is experiencing global warming, which
has manifested itself in the form of rising average
annual temperatures, prolonging of the year hot
period, increasing of the number and duration of heat
waves (Collier et al., 2017; Borshch et al., 2021b).
Each degree of global temperature increase leads to a
multiple increase in the frequency of heat waves and
increased heat stress in dairy cattle (Polsky and von
Keyserlingk, 2017).

Temperature stress is the condition of the body
when it is unable to dissipate metabolic heat effectively,
which leads to an increase of internal body temperature
and reduction of living organism’s physical activity
(Kadzere et al., 2002; Borshch et al., 2019; Ruban
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nology of Milk and Meat Production, Faculty of Biotechnologi-
cal, Bila Tserkva National Agrarian University, pl. 8/1 Soborna,
09117 Bila Tserkva, Ukraine. Email: borshcha@outlook.com

et al., 2020; Borshch et al., 2021a). Heat dissipation
is carried out by conduction, convection, radiation,
and evaporation (Kadzere et al., 2002). Heat stress
is observed when the sum of heat produced by the
body and received from outside exceeds the total heat
loss (Kadzere et al., 2002). The amount of produced
and absorbed heat depends on the physiological state,
level of productivity, age in calving, lactation stage,
color of an animal, as well as genetic factors (Kim et
al., 2017; Laporta et al., 2017). Heat stress affects the
productive and reproductive qualities of animals, as
well as leads to other changes. Changes in productive
properties include reduction of milk productivity,
reduction of protein, fat, and dry skim milk residue
level, slowdown in growth, reduction of feed
consumption (West, 2003). Changes in reproductive
properties include reduction of fertilization rate, less
intense manifestation of sexual desire, deterioration
of sperm production (Allen et al., 2015).

Behavioral changes manifest in reducing of lying
down duration to 30%, reducing of the duration of cud
chewing, increased water consumption, increasing of
the motor activity of the animal (Herbut et al., 2020).

Genetic changes are represented by the release of
heat shock proteins, in particular HSP70, which are
synthesized by the genes HSF-1 and HSPAG6 (Baena et
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al., 2018). Physiological changes include an increase
in body temperature, faster heart and respiration rate,
lowering of the pH level in the rumen. Increased
soreness is manifested by mastitis, acidosis and scar
ketosis, weakening of the immune system, increasing
of the number of heat strokes and even increasing
mortality (Kadzere et al., 2002).

Deterioration in the welfare of cows depends on
discomfort, increased soreness, skin contamination
due to frequent lying in the manure alley, lameness
(due to prolonged standing and increased activity),
malnutrition, increased thirst, frustration and
manifestation of aggression (Herbut and Angrecka,
2017). In order to effectively cope with heat stress,
it is necessary to take measures related to the use of
forced ventilation and cooling of animals (fans and
irrigation systems), the use of mattresses for rest with
pumping chilled water, the use of feedlot with canopies
for rest and feeding, as well as their combinations
(Gebremedhin et al., 2016; D’Emilio et al., 2018).

The aim of the study was to compare the effect

of high temperatures on the behavior and comfort
of cows kept in similar barns with the use of forced
ventilation and air irrigation systems and only fans.

Material and methods

The research was conducted at a commercial
dairy farm in Kyiv region, Ukraine (49°51-27-N,
30°6-36-E) during July 2021. The average weather
indicators for the study period are shown in Table 1.
Parameters of placements (Length x Width x Height):
94 x 32.1 x 10.5 m.

The farm uses free-stall keeping of cows with
rest in boxes. The animals are kept in three easy-to-
assemble barns. Two barns were used for the study.
In the first barn, fans (located above the manure and
feed aisles) were used during the summer, and in the
second one, fans (located above the feed and manure
alleys) and irrigation systems (located above the feed
alleys) were used (Figure 1).

Technical characteristics and the timetable of
cooling systems are given in Table 2.

Table 1. The main weather indicators during the research period (Mean + SD)

Indicators Ambient Barns with:
fans fans+sprinklers
Air temperature, °C 26.4+0.9 23.0+0.4 21.8+£0.2
Min—Max 21.7-34.3 20.4-25.6 19.8-23.2
Relative humidity, % 42.5+0.3 58.1 +0.5 73.6 1.7
Min—Max 36.2-51.0 53.7-66.1 62.0-78.4
Wind speed, m s™! 6.1+0.2 1.7 £0.02 1.7 £0.03
Min—Max 2.5-8.6 0.7-2.1 0.8-2.3

Figure 1. Easy-to-assemble barns with fans (a); with fans and irrigation (b).
1 — boxes for cows rest; 2 — feed and manure alley; 3 — feed passage fences; 4 — feed passage; 5 — fans; 6 — irrigation.
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Table 2. Activation timetable and technical specification of the cooling systems

) o Barn with:
Technical specifications

Barn with:

fans

fans irrigation

Multifan, Vostermans

Manufacturer Ventilation, (Netherlands)

Multifan, Vostermans Ven-
tilation, (Netherlands)

Vdykh-Nova, (Ukraine)

Production capacity to 48000 m*/h

to 48000 m*/h pressure: 200 kPa

Activation time and
operating conditions

Always on with when
ambient T > 23°C

Always on with ambient

Operative for 30 s every
10 min with ambient T > 25°C

T > 23°C

In each of the barns, groups of similar (n = 36)
non-pregnant, lactating animals (107 = 14 days in
milking) of Holstein breed were formed. The average
productivity of experimental cows is 25.32-25.63 kg/
day. The cows were fed the total mixed ration twice a
day in both barns. The cows were milked three times
per day at the Parallel installation (DeLaval 2x16,
Sweden) in the farm. Milking of the cows took place
at 06.00, 12.00 and 18.00 hours.

Weather indicators of the environment during
the study period were recorded according to the
meteorological station of Bila Tserkva (Kyiv region,
Ukraine).

The temperature, relative humidity and wind speed
were measured by MISOL WN-5300CA (PRC). The
sensors were placed in the zone occupied by cows 0.5
m above the floor. All the measurement results were
recorded automatically every 10 min. The cows skin
surface temperature was determined in two places: on
rumen and in the region of the last inter costal space
by using a remote infrared thermometer Thermo
Spot Plus (Germany). The temperature at the resting
place as well as under the lying cow was determined
by the thermometer A36PF-D43 (USA). Costs of
energy for heat production were calculated according
to the methods of Kadzere et al. (2002).

The cows’ behavior during the hot period was
determined using internal surveillance cameras. In
each barn, 16 Hikvision cameras (Full HD) were
installed. Filming in both barns took place around
the clock. Placing cameras in the barns allows you to
record a recreation area, feeding passage and drinking
bowl area and also cows moving. Every 10 minutes,
in experimental groups, the number of cows, which
during the observation consumed food, were resting
by lying, standed, were moving and drinking water
and also contact with the stall was recorded. The
effect of free-stall housing on stall comfort, welfare,
and natural behavior of cows following behavioural
indices were calculated: cow comfort index (CCI):
number of cows lying in stalls per number of cows
in contact with stalls: (Nelson, 1996); stall standing
index (SSI): number of cows standing in stalls per
number of cows in contact with stalls (Cook et al.,
2007); stall perching index (SPI): number of cows
standing with 2 front feet in the stall and the rear
feet in the alley per number of cows in contact with
stalls (Tucker et al, 2005); stall use index (SUI):

number of cows lying in stalls per number of cows
not actively feeding (Overton et al., 2002); cow
feeding index (CFI): defined as the ratio between the
number of feeding cows and the total number of cows
in the pen (DeVries et al., 2003); cow drinking index
(CDI): defined as the ratio between the number of
drinking cows and the total number of cows in the
pen (Fregonesi et al., 2007).

The obtained data were statistically processed
using STATISTICA (Version 11.0, 2012) software.
The Student ¢ test was used to estimate the statistical
significance of the obtained values. The data were
considered significant at P < 0.05, P < 0.01, P < 0.001.

Results

It was found that in the barn with the use of fans and
irrigation systems the value of the skin temperature
during the period of high temperature load was 0.5°C
lower compared with the barn in which only fans
were used (Table 3). Also, with such a combination
of air cooling elements, lower indicators of resting
place temperature (by 3.3°C) and resting place under
a lying cow (by 0.8°C) were observed. In a room with
fans and cooling sprinklers, the energy consumption
for heat exchange was 3.1 MJ lower compared with a
barn where only fans were used to cool the air.

When keeping cows indoors using fans and
sprinklers, the indicators of the main daily behavioral
reactions during the period of high temperature load,
which characterizes comfort, were slightly better
compared with keeping cows in the barn using only
fans (Table 3). Thus, the durations of lying down
and eating food were 32 and 16 minutes longer,
respectively. At the same time, the duration of
standing, motor activity and watering was dominated
by animals kept in the barn with the use of only fans
as elements of air cooling by 16, 21 and 6 minutes,
respectively.

To more fully study the impact of using different
options for cooling barns during hot periods, we
studied the values of six comfort indices for free-stall
keeping of cows, which depend on the indicators of
daily behavior (Table 5).

The values of the cow comfort index (CCI) and
the stall use index (SUI), which depend on the daily
duration of lying down, were higher (by 4.78 and 4.87)
than those of cows kept in a barn that used fans and
sprinklers. The value of the cow feeding index (CFI),
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Table 3. Temperature indices of rest places and energy expenditure for heat production during hot period (Mean + SD)

Barns with:
Indicators
fans fans + sprinklers
Skin temperature, °C 349 +0.2 344 +0.1
Rest place temperature, °C 28.1+0.3 248+0.6"
Rest place temperature under lying cow, °C 28.9+0.3 28.1+£0.2
X energy for heat production, MJ 64.4 +1.6 61.3+1.4

Note: as compared with the barn with only fans "P < 0.05; ""P < 0.001.

Table 4. Duration of main daily behavior reactions* during the hot period (Mean + SD)

Barns with:
Behavior reactions, min
fans fans + sprinklers
Lying 706 £ 9.2 738 + 8.8
Feeding 253+ 4.6 269 £ 4.3
Moving 66 + 1.8 51+ 1.4
Standing 189 £8.3 168 £ 5.7
Drinking 49 + 0.4 43 +0.9™

Note: as compared with the barn with only fans; 'P < 0.05; ""P < 0.001; * — excluding milking time.

Table 5. Values of indices that characterize cow comfort during the hot period (Mean + SD)

Barns with:
Comfort indices

fans fans + sprinklers
CCI 83.64 + 3.18 88.42 +2.76
SSI 8.75 £ 0.42 5.03+0.28™
SPI 7.61 £0.21 6.55 + 0.23™
SUI 72.16 = 2.03 77.03 +1.27
CFI 0.39 £0.02 0.47 + 0.03"
CDI 0.064 + 0.0003 0.051 £ 0.0004™"

Note: as compared with the barn with only fans; 'P < 0.05; "P < 0.01; ""P < 0.001; CCI — cow comfort index; SSI —
stall standing index; SPI — stall perching index; SUI — stall use index; CFI — cow feeding index; CDI — cow drinking

index.

which depends on the value of the daily foraging
activity of the animals, was also higher than under
the keeping of cows in the barn that used fans and
sprinklers (by 0.08). The stall standing index (SSI)
and stall perching index (SPI), which depend on the
daily standing time of cows, were slightly higher in
the barn that used fans only (3.72 and 1.06). The cow
drinking index (CDI), the value of which depends on
the duration of daily watering of animals, was higher
(by 0.013) under keeping in a barn that used only fans
as cooling elements.

Discussion

The negative effects of high temperatures on
dairy cattle during global climate change are a
significant problem for the industry (Collier et al.,
2017). According to Johnson (2018), to reduce the
impact of heat stress is possible through the breeding

of heat-resistant breed, the use of microclimate
control and modernization of feeding management
methods. However, the most effective in the short
term is the use of microclimate control tools that
can reduce the temperature in barns during hot
periods (Gebremedhin et al., 2016; Polsky and von
Keyserlingk, 2017).

The results of our studies partially coincide with
the studies of Her et al. (1988) and Wolfenson et
al. (1988), conducted at commercial farms in Israel
where automated irrigation systems (30 s) were used,
followed by ventilation (4.5 min) during 30-minute
periods. The results showed that this combination of
cooling was effective and helped to reduce heat stress
in cows, as well as to improve their heat balance and
lower body temperature, and met the recommended
duration of behavioral responses. Frazzi et al. (2000)
reports that, during the hot period, whose cows are
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kept in pens with only fans less time lying down
(from 15.00 to 20.00 hours) and more time standing
(from 15.00 to 17.00 hours) in comparison with
cows that kept in pens with fans plus misting. These
data partially coincide with our results. Barbari et al.
(2010) indicate that under the option of keeping cows
when fans and irrigation systems are located above
the feed passage, the animals spend less time per day
for lying down, which does not coincide with our
data. Somewhat different from our data, Matarazzo et
al. (2007) reported that the standing time of a group
of cows housed in a section using fans and irrigation
systems was longer than in the section without air
cooling elements.

Tao Ding et al. (2019) in their studies conducted in
China reported about lower values of skin temperature
in cows during periods of high temperature load
using irrigation systems that also coincide to some
extent with our data. Gaughan et al. (2004) have also
reported similar research results.

Our studies do not coincide with the data obtained

References

1. Allen J. D,, Hall L.W,, Collier R.]., Smith J.E Effect of core
body temperature, time of day, and climate conditions on be-
havioral patterns of lactating dairy cows experiencing mild to
moderate heat stress. Journal of Dairy Science. 2015. T. 98(1).
P. 118-127. DOL: https://doi.org/10.3168/jds.2013-7704

2. Angrecka S., Herbut P. Impact of barn orientation on insola-
tion and temperature of stalls surface. Annals of Animal Sci-
ence. 2016. T. 16. P. 887-896. DOI: https://doi.org/10.1515/
a0as-2015-0096

3. Baena M., Tizioto P.C., Meirelles S.L.C., Regitano L.C.A.
HSF1 and HSPAG6 as functional candidate genes associated
with heat tolerance in Angus cattle. Revista Brasileira de
Zootecnia. 2018. T. 47. Article number: ¢20160390. DOI:
https://doi.org/10.1590/1bz4720160390

4. Barbari M., Leso L., Rossi G., Scaramelli A., Simonini S. In-
fluence of cooling systems on the behaviour of dairy cows
housed in cubicle barn. In: CIGR XVII World Congress,
Québec City, Canada, June 13-17. 2010. P. 1-10.

5. Borshch A.A., Ruban S., Borshch A.V., Babenko O. Effect of
three bedding materials on the microclimate conditions, cows
behavior and milk yield. Polish Journal of Natural Sciences.
2019. T. 34. P. 19-31.

6. Borshch O.0., Borshch O.V., Mashkin Y., Malina V., Fedorch-
enko M. Behavior and energy losses of cows during the pe-
riod of low temperatures. Scientific Horizons. 2021a. T. 24
(5). P. 46-53. DOI: 10.48077/scihor.24(5).2021.46-53

7. Borshch O.0O., Ruban S.Yu., Borshch O.V. The influence of
genotypic and phenotypic factors on the comfort and wel-
fare rates of cows during the period of global climate chang-
es. Agraarteadus. 2021b. T. 1. P. 25-34. DOI: https://doi.
org/10.15159/jas.21.12.

8. Collier R., Renquist B., Xiao Y. A 100-Year Review: Stress
physiology including heat stress. Journal of Dairy Science.
2017. T. 100. Ne 12. P. 10367-10380. DOI: https://doi.
org/10.3168/jds.2017-13676

9. Cook N.B. The Dual Roles of Cow Comfort in the ‘Get Lame
— Stay Lame’ Hypothesis. Sixth International Dairy Housing
Conference Proceeding, 16—18 June. Minneapolis, Minne-
sota, USA: ASABE. 2007. Article number: 701P0507e. DOI:
10.13031/2013.228109.

10. D’Emilio A., Cascone G., Lanteri P., Porto S.M.C. Effects of
different cooling systems on heat stress behaviour of dairy
cows. CIGR Journal. 2018. P. 1-14. Retrieved May 31,
2022,  https://cigrjournal.org/index.php/Ejounral/article/
view/4784/2737.

11. DeVries T. J., von Keyserlingk M.A.G., Weary D.M.,

by Lovarelli et al. (2020) in northern Italy, which
indicate that in barns with fans in the rest area and
irrigation systems in the feeding area, the duration of
animals’ resting lying down was lower than in barns
with only fans in the rest area.

It has been found that the use of fans in
combination with irrigation systems during hot
periods had a positive effect on the heat transfer
of cows compared with the keeping of cows in the
barn with fans. With this combination, the skin
temperature and the resting place under the lying cow
were 0.5°C and 0.8°C lower. The duration of cows’
lying down and eating fodder with this combination
was 32 and 16 minutes longer, respectively. At the
same time, the duration of standing, motor activity
and watering was dominated in animals kept in
the barn with the use of only fans as elements of
air cooling by 16, 21 and 6 minutes, respectively.
In addition, the combination of fans and irrigation
systems contributed to better comfort indices for
dairy cows under free-stall keeping.

Beauchemin K.A. Technical Note: Validation of a System
for Monitoring Feeding Behavior of Dairy Cows. Journal of
Dairy Science. 2003. T. 86(11). P. 3571-3574. DOL: https://
doi.org/10.3168/jds.S0022-0302(03)73962-9

12. Ding T., Sun B., Shi Z., Li B. Optimizing Water Droplet Di-
ameter of Spray Cooling for Dairy Cow in Summer Based on
Enthalpy Difference Theory. Energies. 2019. T. 12. Article
number: 3637. DOI:10.3390/en12193637

13. Dunn R., Mead N.E., Willett K.M., Parker D.E. Analy-
sis of heat stress in UK dairy cattle and impact on milk
yields. Environmental research letters. 2014. T. 9(6). Arti-
cle number: 064006. DOI: http://dx.doi.org/10.1088/1748-
9326/9/6/064006

14. Frazzi E., Calamari L., Calegari E, Stefanini L. Behavior of
dairy cows in response to different barn cooling systems.
Transactions of the ASAE. 2000. T. 42(2). P. 387-394.

15. Fregonesi J. A., Leaver ].D. Behaviour, performance and
health indicators of welfare for dairy cows housed in straw
yard or cubicle systems. Livestock Production Science. 2001.
T. 68 (2-3). P. 205-216.

16. Gaughan J. B., Davis M..S., Mader T. L. Wetting and the phys-
iological responses of grain-fed cattle in a heated environ-
ment. Australian Journal of Agricultural Research. 2004. T.
55. P. 253-260. DOLI: https://doi.org/10.1071/AR03110

17. Gebremedhin K.G., Wu B., Perano K. Modeling conduc-
tive cooling for thermally stressed dairy cows. Journal of
Thermal Biology. 2016. T. 56. P. 91-99. DOI: https://doi.
org/10.1016/j.jtherbio.2016.01.004

18. Her E., Wolfenson D., Flamenbaum I., Folman Y., Kaim M.,
Berman A. Thermal, productive and reproductive response of
high yielding cows exposed to short-term cooling in summer.
Journal of Dairy Science. 1988. T. 71. P. 1085-1092. DOI:
https://doi.org/10.3168/jds.S0022-0302(88)79656-3

19. Herbut P, Angrecka S. Relationship between THI level and
dairy cows’ be-haviour during summer period. Italian Journal
of Animal Science. 2017. T. 17 (1). P. 226—233. DOI: https://
doi.org/10.1080/1828051X.2017.1333892

20. Herbut P, Hoffmann G., Angrecka S., Godyn D., Corréa
Vieira EM., Adamczyk K., Kupczynski R. The effects of heat
stress on the behaviour of dairy cows — a review. Annals of
Animal Science. 2020. T. 21(2). P. 385-402. DOI: 10.2478/
aoas-2020-0116

21. Johnson J. S. Heat stress: Impact on livestock well-being and
productivity and mitigation strategies to alleviate the nega-
tive effects. Animal Production Science. 2018. Vol. 58 (8). P.
1404-1413. DOTI: https://doi.org/10.1071/AN17725

Veterinarija ir Zootechnika 2022;80(2)



Effects of Different Cooling Systems on Cows’ Behaviour and Comfort during the Hot Period

15

22.

23.

24.

25.

26.

27.

Kadzere C.T., Murphy M.R., Silanikove N., Maltz E. Heat
stress in lactating dairy cows: a review. Livestock Production
Science. 2002. T. 77. P. 59-91. DOTI: https://doi.org/10.1016/
S0301-6226(01)00330-X

Kim J]., Hanotte O., Mwai O.A., Dessie T., Bashir S. Diallo,
B., Agaba M., Kim K., Kwak W., Sung S., Seo M., Jeong H.,
Kwon T., Taye M., Song K.D., Lim D., Cho S., Lee H.]., Yoon
D., Oh S.J., Kemp S., Lee H.K., Kim H. The genome land-
scape of indigenous African cattle. Genome Biology. 2017.
T. 18. Article number: 34. DOI: 10.1186/s13059-017-1153-y
Laporta J., Fabris T.E, Skibiel A.L., Powell J.L., Hayen M.J.,
Horvath K., Miller-Cushon E.K., Dahl G.E. 2017. In utero
exposure to heat stress during late gestation has prolonged ef-
fects on the activity patterns and growth of dairy calves. Jour-
nal of Dairy Science. 2017. T. 100(4). P. 2976-2984. DOI:
10.3168/jds.2016-11993

Lovarelli D., Finzi A., Mattachini G., Riva E. A Survey of
Dairy Cattle Behavior in Different Barns in Northern Italy.
Animals. 2020. T. 10. Article number: 713. DOI:10.3390/
anil0040713

Matarazzo S.V., Perissinotto M., Oliveira da Silva L]J.,
Moura D.J., Fernandes S.A.A. Sixth International Dairy
Housing Conference Proceeding, 16-18 June 2007,
(Minneapolis, Minnesota). Article number: 701P0507e.
DOI:10.13031/2013.22794

Nelson A.J. On-farm nutrition diagnostics. Proceedings 29"
Annual Conference. American Association of Bovine Prac-
titioners, September 12—14. San Diego, California, USA:

Received 26 June 2022
Accepted 27 September 2022

28.

29.

30.

31.

32.

33.

Frontier Printers, Inc. 1996. P. 76—-85. DOI: https://doi.
org/10.21423/aabppro19965940

Overton M.W., Sischo WM., Temple G.H., Moore D.A. Using
time-lapse video photography to assess dairy cattle lying be-
havior in a free-stall barn. Journal of Dairy Science. 2002. T.
85. P. 2407-2413. DOI:10.3168/jds.S0022-0302(02)74323-3
Polsky L., von Keyserlingk M. Invited review: Effects of heat
stress on dairy cattle welfare. Journal of Dairy Science. 2017.
T.100. Ne. 11. P. 8645-8657. DOI: https://doi.org/10.3168/
jds.2017-12651

Ruban S., Borshch O.O., Borshch O.V., Orischuk O., Balat-
skiy Y., Fedorchenko M., Kachan A., Zlochevskiy M. The
impact of high temperatures on respiration rate, breathing
condition and productivity of dairy cows in different produc-
tion systems. Animal Science Papers and Reports. 2020. T.
38(1). P. 61-72.

Tucker C.B., Weary D.M., Fraser D. Influence of neck-
rail placement on free-stall preference, use, and cleanli-
ness. Journal of Dairy Science. 2005. T. 88. P. 2730-2737.
DOI:10.3168/jds.S0022-0302(05)72952-0

West J. Effects of heat-stress on production in dairy cattle.
Journal of Dairy Science. 2003. T. 86. P. 2131-2144. DOLI:
10.3168/jds.S0022-0302(03)73803-X

Wolfenson D., Flamenbaum I., Berman A. Hyperthermia and
body energy store effects on estrous behavior, conception
rate, and corpus luteum function in dairy cows. Journal of
Dairy Science. 1988. T. 71. P. 3497-3504. DOTI: https://doi.
org/10.3168/jds.S0022-0302(88)79956-7

Veterinarija ir Zootechnika 2022;80(2)



16

Veterinarija ir Zootechnika 2022;80(2):16-24

'Department of Milk and Fattening, Bursa Karacabey Vocational School, Uludag University, Bursa, Republic of Turkiye,

Possibilities of Using Ginseng in Diets of Goldfish
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moting diet.

Abstract. This research was carried out to determine the effects of adding 0, 30, 60 and 120 mg/kg
ginseng to the diets (T, T,, T,and T ) on growth performance and head development of goldfish. The
trial was randomly divided into four groups, 30 goldfish in each group for 90 days.

As a result of the research, it was determined that the addition of ginseng (60 and 120 mg/kg) to
the diets (T ,and T ) significantly increased the specific growth rate, total live weight gains, head and
body height of the fish compared with the fish fed with the control diet (T ) (P < 0.05) (P < 0.01).
However, there was no positive effect on live weight gain, head height, and body height in fish fed the
T, diet. All ginseng feeds positively affected head widths, feed consumption, and feed efficiency of fish.
On the other hand, in this study, the body lengths of the fish were not significantly affected by ginseng
application. Especially because of the risk caused by the use of ginseng, it seems that 60 mg/kg ginseng

can be used as an appropriate dose in goldfish.

Introduction

Goldfish care has been a popular hobby for
centuries, with steady expansion in its trade, growing
interest, and over 125 countries. Over 2500 species
are involved in the global ornamental fish industry, of
which over 60% are of freshwater origin (Dey, 2016).
Global imports of ornamental fish also increased from
US$247.9 million in 2000 to US$ 275.2 million in
2016 (Anonymous , 2016a). The goldfish is the top
freshwater seller in the Netherlands. Goldfish ranks
second in sales of fish in the US (Anonymous, 2016
b). Goldfish (Carassius auratus auratus) belongs to
the family Cyprinidae and is one of the most loved
aquarium fish because of its color, body shape,
and simple breeding that can be seen in ponds and
aquariums in the world (Degirmencioglu, 2021).
The head of some fish has a uniform texture, just
like a blackberry. However, head texture is rough like
cauliflower and is known as the tiger head (Smart,
2001). Goldfish are omnivorous fish. Trout feeds
with excessive oil and protein content cause goldfish
digestive disorders and developmental disorders.
That is why cold-water fish have a balanced diet
(Degirmencioglu, 2021). Crude protein and crude fat
of a goldfish diet are respectively 30—-35% and 5-7%.
For reproductively active, breeding fish or juveniles,
a diet higher in protein and fat needs to be selected
(Anonymous, 2021). Goldfish puppies have increased
protein requirements due to rapid tissue development.
With an ideal feeding and soil pond, fry reaches their
selling length in 3—4 months. It takes 2 years for the
head to develop (Degirmencioglu, 2021). Therefore,
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goldfish feeds also need natural aromatic plants,
growth-promoting as well as rich nutrient content.
Among these aromatic plants, ginseng can be given as
an example. Some studies have reported that adding
ginseng to fish rations can reduce the death rate by
stimulating the immune system, and positively affect
the live weight, weight gain and feed conversion
ratio of the animal by promoting growth; (Ashraf and
Goda, 2008; Tawwab. 2012; Li et al., 2022; Mehrim
et al., 2022).

Studies on the use of ginseng as a growth promoter
in ornamental fish are rare. Therefore, reliable doses
of ginseng in fish feed need to be investigated. The
aim of the study was to determine the optimal ginseng
dose in diets of goldfish.

Materials and methods

Study site

Twins aquarium, a commercial pet store located
in the Bursa-sehrekiistii district, was chosen as the
experimental area. The experiment was conducted
between September and November 2021 and lasted
90 days.

Animals, treatments, and experimental

design

As the animal material of the research, a total of
120 of oranda (goldfish) (the age of about 2 months)
were used. The trial was randomly divided into four
groups, 30 goldfish in each group for 90 days. In
this study, 600 mg of Panax Ginseng (G)containing
ginseng root extract as a ginseng source were used.
During the 90-day trial period, the goldfish in the
Ist, 2nd, 3rd and 4th groups, were fed with diets
supplemented with 0, 30, 60 and 120 mg/kg ginseng,
respectively.

The concentrate feed mixture CFM consisted of
10% fish meal, 10% wheat gluten, 21% krill meal,
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15% soybean meal, 20% oat, 10% wheat germ, 3%
spirulina, 9% wheat bran, 0.5% molasses, 0.5%
vitamins and minerals mix, 0.5% probiotic, 0.4%
Beta-xylanase + Phytase and 0.1% garlic powder
(Table 1).

During the experiment, the fish in the 1st, 2nd,
3rd and 4th groups were fed with the respective diets
(T,:35.99 CP % and 4495.28 Kcal kg-'DM; T,: 36.50
CP % and 4513.39 Kcal kg'DM: T : 35.48 CP % and
4447.13 Kcal kg'DM; and T,:36.28 CP % and 4537.54
Kcal kg'DM) (Table 1). While preparing concentrate
feed mixes, it was aimed that the ratios of nutrients
were close to each other. Before the experiment, the
fish were photographed and individually numbered.

The fish were randomly divided into 4 groups,
with 30 fish in each aquarium (90 x 40 x 50). In the
determination of the nutrient contents of the ration
used in the research, the nutrient limits of the cold
water fish feed ration produced by a feed company of

Far East origin were taken as the basis (CP min 32%,
EE min 4%, CELL max 4% and crude ash max 12%
moisture max 10%) (Anonymous, 2021b). The feed
was brought to a dough consistency with a mixture
of water and molasses, then the dough was passed
through a meat grinder, and then left to dry in an
oven at 65°C. The length and the diameter of the
pellet were adjusted to 1-1.5 inches so that the fish
could easily eat the prepared food mixture (shown in
Figure 1). The body weights, feed consumption, and
body forms of the fish were determined every 15 days
throughout the experiment (shown in Figure 2).
Scales capable of measuring 0.001 g were used to
determine fish weights. During the experiment, the
live weights and live weight gains of the fish were
determined by control weighing every two weeks.
Daily feed consumption of fish was determined at
the level of 2% of live weight. The feed was given by
soaking in a small bowl so that bubbles do not form

Table 1. The composition of feed mixtures used in the research

Feed Diet
100 Nutrient? T, T, T, T,
composition | 0.00 mg kg™ | 30.00 mg kg 60.mg kg 120 mg kg™!
Fish meal 10 DM 96.88 96.44 96.78 97.09
Wheat gluten 10 oM 89.8 89.39 89.68 90
Krill meal 21 CP 35.99 36.50 35.48 36.28
Soya meal 15 EE 6.97 7.36 6.44 7.63
Wheat bran 9 CEL 2.86 2.71 3.03 3.00
Oat 20 CA 7.08 7.05 7.10 7.09
Wheat germ 10 NFE 43.98 42.82 44.73 43.09
Spirulina 3 ME* 4495.28 4513.39 4447.13 4537.54
Kcal kg'! DM
Molasses 0.5
Vitamin + Mineral 0.5
Probiotic? 0.5
Beta-xylanase + Phytase’ 0.4
Garlic powder 0.1
TOTAL 100.

"Trace minerals and vitamins (per kg): Dicalcium phospote, Sodium chloride, Magnesium oxide, Calcium carbonate
Analyze: Calcium 17.90%, Phosphorus 10.80%, Natrium 5.5%; Retinolpalmitaat (Vitamin A) 2000.000 IE; Cholecol-
ciferol (Vitamin D3) 200.000 IE; o Tocopherolacetat (Vitamine E) 8.000 mg; Asccorbinebinezuur (Vitamin C) 20.000
mg; Thiamine (Vitamine B1) 2.000 mg; Riboflovine (Vitamine B2) 4500 mg; Phyridoxine (Vitamine B5) 1500 mg;
Nicotinumide (Vitamine pP) 5000 mg; calcium-D-pentothenote 1500 mg; Foliumzuur 400 mg; Menadion (Vitamine
K3) 250 mg; Vitamin B12 30.000 mcg; Biotin (Vitamin H) 25.000 mcg; Magnesiumoxide 22.000 mg; Zinkoxide
50.000 mg; Nikkel (II)-Stilfat 10 mg; Natriumfluoride 50 mg; Borax 100 mg; Kaliumiodide 110 mg; Natriumbromid
100 mg; Mangan (II)-sulfaat 500 mg; Aluminisulfaat 500 mg; Litniumcarbonaat 500 mg; Kaliumsulfaat 5000 mgLizer
(IT)-Sulfaat 1500 mg Koper(II)-Sulfaat 400 mg.

*(Saccharomyces cerevisiae) + lactobacillus acidophilus)

*4a1617 Endo-1.4-beta-xylanase (EC 3.2.1.8) was obtained from Trichoderma citrinoviride Bisset (IM SD 135)
1.100.000 EPU/kg, 4al12 6-Phytase (EC 3.1.3.26) was obtained from Trichoderma reset (CBS 122001) 83.400 PPU/
Kg.

’DM: dry matter; OM: organic matter; CP: crude protein; EE: ether extract; CELL: cellulose; CA: crude ash; NFE:
nitrogen free extract;

*ME: metabolizable energy.
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Figure 2. Calico oranda (Degirmencioglu, 2021)

in the air sacs while the fish are eating. Experimental
groups were fed three times a day at 8:00 am, at 13:00
pm, and 6:00 pm. The feed and residual feed amounts
to each aquarium were weighed and recorded daily.
The individual feed consumption was not determined
because a group feeding protocol was used in the
study. The feed consumption was obtained by dividing
the total fish number in each aquarium.

Growth performance values

Specific growth rate (SGR) = [(Final live weight
(FLW) — Initial live weight (ILW) / 90 day] x 100,
Weight gain (WG) (g) = (FLW) (g) — (ILW)(g);

Feed conversion Ratio (FCR) = Feed intake (g) /
Weight gain (g) (Mahghani et al., 2014)

Quality water and high protein feed positively affect
the head and color development of fish. In essence,
feed residues and fish excrement increase harmful
gases such as ammonia, nitrate, and hydrogen sulfur
in the water over time. 30% water withdrawal was
drawn from the aquariums with a bottom siphon 4
times a week to eliminate such formations. Tap water
was added to aquariums after resting for three days.
Oxygen was supplied to the aquarium with a hose and
air stone assembly connected to the air motor. Water
temperature, pH, and micro siemens measurements
in aquariums were made daily with the Hanna device.
See Figures 3, 4, and 5.

Chemical composition

The metabolizable energy (ME) value of the diet
was calculated based on chemical analyses according
to the National Research Council (NRC 1981) and
Halver (1973). The following main ME formula was:

Total ME (Kcal kg!') = 5.65 x (CP%) +

+9.45 x (EE%) + 4.10 x (NFE) x 10.

The nutrient contents of the diet were analyzed
according to the AOC method (1990).

Statistical analysis

Data for growth performance and head deve-
lopment in the aquarium were tested by analysis
of variance using the SPSS version 15.0 Statistical
Package (2006) and the means were analyzed with the
general linear model procedure using the following
model described by Cochran and Cox (1957):

Yijk = p + Ti + Dj + Eijk

where:

Yijk — observation, u — population mean, Ti— Die-
taries (I = T1, T2, T3 or T4),

Dj — animals (k = 1, 2, 3,....119 or 120),

Eijk — residual error.

Means were separated by Duncan’s multiple range
test.

Results and Discussion

In nature, due to plant respiration and photo-
synthesis, pH generally drops at night and rises during
the day. Juvenile fish are extremely sensitive to pH
fluctuations. Amazonian fish such as discus and neon
lay eggs in slightly acidic and soft fish. In contrast,
goldfish prefer neutral waters (pH: 7.0-7.5). The
metabolism of fish is affected by water temperature
(Degirmencioglu, 2021). The warmer the water, the
hungrier the fish will be. With water temperatures
below 70F (21°C), feed goldfish at least once a day.
Above this, goldfish need to be fed twice a day. Give
the fish as much food as they will eat in 3—5 minutes.
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Figure 3. Micro siemens measurements in experimental aquariums
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Figure 5. Temperature °C measurements in experimental aquariums
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When the temperature of the water drops below
4°C, the fish stop consuming the feed (Anonymous,
2021). The MS (micro siemens), pH and temperature
values in the fish aquarium recorded during the
experimental period varied within 314-663, 7.08—
8.94, and 20-28.5, respectively. According to the
previous literature, values for pH and temperature
were within the normal limits (7.0-7.5 and 4-27,
respectively) (Anonym, 2021) and can be considered
as not dangerous for fish.

The effects of ginseng on feed consumption

The results of the live weights of the fish at various
growth periods and the total live weight increases,
specific growth rate, and feed intake during the trial
period are reported in Table 2.

As seen in Table 2, in the present experiment, the
live weights for goldfish fed the T, T,, T, and T, diets
were 3.49 + 0.20, 3.23 + 0.20, 3.60 + 0.19 and 3.50
+ 019 g/day, respectively, at the beginning of the
study (P > 0.05). At the end of the 90-day trial, their
live weights increased and ranged from 13.00 + 0.85
to 17.94 £ 151 g. The highest live weight was
determined in the 4™ group and the lowest live weight
was determined in the 1% group. The live weights of
the other groups were similar to each other. The total
live weight gains for fish fed the T, T,, T, and T,
diets were 9.51 £ 0.66, 12.03 £0.94, 12.74 £ 1.10,
and 14.44 + 1.39 g/day, respectively, during the trial
(Table 2). In the present study, the live weight gains
in fish fed treatments T, (G 60 mg/kg) and T, (G
120 mg/kg) were greater (P < 0.05) than those in fish

Table 2. Results on performance growth of ornamental fish

Groups 1st Group 2nd Group 3rd Group 4th Group
Parameters n X + Sy n X + Sy n X + Sy n X + S

Initial live weight (g/fish) | 30 3.49 £0.20 30| 3.23 £ 0.20 |30 3.60 £ 0.19 30 3.50 £ 019
15. day 30 4.15 £ 026° 30| 4.17 £0.24° 30 4.55 +0.25 30| 5.01+0.20°
30. day 30| 4.38£0.26° | 30| 4.88 £ 0.31* |30 5.11 £ 0.29° 30| 5.44+0.27°
45. day 30 5.39 +0.36 30| 5.44 = 041 |30 5.82 +0.35 30 5.99 +0.38
60. day 30| 5.84+040" |30| 6.21+049®" |30| 7.03+044" |30| 7.43+0.62°
75. day 30| 7.44+043 |30 824 = 0.62* | 30| 8.51+0.57* |30| 9.21+£0.79
90. day 30| 13.00+0.85* |30 | 15.26£1.12* | 30| 16.34 £1.25* |30| 17.94+ 151"
Final live weight
Total live weight gain 30 9.51+0.66* |30 12.03£0.94® |30 | 12.74+1.10> |30| 14.44+1.39
Specific growth rate 10.55 + 0.73* 13.36 £ 1.04% | 30 | 14.15£1.23> [30| 16.04 £1.55°
(%/d)
Daily live weight gain
(g/fish)
0-15.day 30 | 0.043 £0.047¢ | 30 | 0.062 £ 0.044° | 30 | 0.063 £ 0.008° | 30| 0.100 + 0.008*
16-30 day 30 | 0.015+0.001¢ | 30 | 0.047 £0.005¢ | 30 | 0.036 = 0.004<* | 30 | 0.028 + 0.005¢
31-45. day 30 | 0.067 £0.007* | 30 | 0.037 *£0.006* | 30 | 0.047 £ 0.006® | 30| 0.036 + 0.008°
46-060. day 30 | 0.030+0.04c | 30| 0.051+0.06° |30 | 0.080*0.008< |30| 0.096 +0.017¢
61-75. day 30 | 0.106 £0.004* | 30 | 0.135+0.009* | 30 | 0.098 £0.009* |30 | 0.118 £0.012*
76-90. day 30 | 0.370 £0.030° | 30 | 0.467 £0.034« | 30 | 0.522 £0.046° |30 | 0.582 = 0.048°
Mean 30 | 0.105 £0.005* | 30 | 0.133 £0.006* | 30 | 0.141 £ 0.005* | 30| 0.160 + 0.005°
Feed intake (g/fish)
0-15. day 0.055 0.061 0.069 0.072
16-30 day 0.067 0.095 0.096 0.110
31-45. day 0.087 0.085 0.102 0.139
46-060. day 0.106 0.123 0.125 0.115
61-75. day 0.124 0.134 0.096 0.106
76-90. day 0.136 0.136 0.136 0.128
Mean 0.095 0.105 0.104 0.111
FCR 0.904 0.789 0.737 0.693

FCR; Feed conversion ratio,
a—b, c—d—e: (P < 0.05), (P > 0.01), Different letters in the same line are significantly different.
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fed treatments T, (0.0 mg/kg) and T, (G 30 mg/kg),
respectively, during the trial.

In a study on the subject, Ashraf and Goda (2008)
reported that the live weight in Nile tilapia fish
ranged widely from 254.8 to 252.3 g/fish/ginseng
200-250 mg/kg. These values are different to those
for 12.74-14.44 ¢/fish/60-120 mg/kg. However,
goldfish showed better performance in low dosage
than that in Tilapia (ginseng 60 mg versus 200 mg).
As seen in Table 2, The specific growth rates (SGR)
(%/d) were higher in goldfish fed T, and T, diets than
in goldfish fed T and T, diets (25.44%, and 34.22%;
P > 0.05). Significant differences were observed
between T,, T, diets and T, T, diets (P < 0.05).

Experimental results in fish showed that the
highest daily live weight gain value during the trial
was obtained from the T, diet with 0.160 + 0.005
g day’; this was followed by the T, diet, T, diet,
and T, diet with 0.141 £ 0.005, 0.133 + 0.006, and
0.105 £ 0.005, respectively. The differences between
the means of diet T, and the other diets were found
statistically significant (P < 0.05). The findings of
this study are different from those of Ashraf and
Goda (2008) who found that the highest live weight
gain in Nile tilapias ranged from ginseng 200 to
250 mg/kg DM, and those of Mehrim et al. (2022)
who noted that the highest live weight gain in African
catfish (Clarias gariepinus) was with a dose of 200 mg
ginseng/kg diet.

The variations observed were due to differences in
fish species and diet used in the trial, the characteristics
of the soil in which ginseng was grown, the drying
process, leaf-branch ratio, and climate, etc.

The average daily feed consumption of fish showed
a continuous increase during the trial period. It ranged
within 0.095-0.111 g. The highest feed consumption
was determined in the 4™ group and the lowest feed
consumption was determined in the 1% group. It was
observed that the average daily feed consumption
of fish increased due to the increase in the ginseng
level added to the ration. It was determined that the
average FCR of the experimental fish varied within
0.904-0.693, respectively, during the trial (Table 2).
The highest FCR was determined in the 4" group
and the lowest FCR was determined in the 1% group.
Ginseng administration increased FCR (0.904, 0.789,
0.737 and 0.693 for T, T,, T, and T, respectively).
The dietary supplementation with ginseng extract did
not affect growth performance and feed utilization.
Since group feeding was applied in the experiment,
statistical analyses of the results obtained regarding
the feed consumption and FCR of fish in different
groups could not be performed. The obtained results
were similar to the results reported by Ashraf and
Goda (2008) and Mehrim et al., (2022) who reported
that the FCR increased in fish fed with different levels
of ginseng. However, Bulfon et al. (2017) reported
that there was no significant difference in growth
performance and feed utilization in rainbow trout

(Oncorhynchus mykiss) fed with a dietary containing
0.0%, 0.01%, 0.02%, 0.03% of ginseng ethanolic
extract. The observed response variance may be
related to several factors, such as ginseng type,
feeding strategy, animal differences, the trial length
tested, the amount of ginseng added, the source of
the ginseng product and seasonal effects.

The effects of developmental body

When the effects of using ginseng at different levels
in concentrate feed on the developmental body of fish
were examined, it was determined that the average
body lengths of the experimental animals varied
between 3.28 = 0.099 and 3.35 + 0.075, respectively,
at the beginning of the trial (Table 3).

At the end of the 90-day trial, their body
lengths increased and ranged from 6.1 0 £0.132 to
6.35 = 0.166 cm. Differences between diets in terms
of body lengths were statistically insignificant. In the
current study, an increase in head and body heights
was observed during the development periods of fish
(Table 3). The highest body height was determined
in the 4™ group fed with the T, diet, and the lowest
body height value was determined in the 1% group
fed with the T, diet, as in Table 2. The differences
between the means of 3™ and 4™ groups and 1% and
2™ groups were found statistically significant. As a
result of the research, it was determined that adding
ginseng at the level of 60 or 120 mg/kg to the ratio
significantly increases the body height lengths in fish
(P <0.01; 2.69 £0.060, 2.76 £ 0.061, 2.93 = 0.070
and 3.03 £ 0.072 for T, T,, T,, and T, respectively).
The differences between the means of 3 and 4"
groups and 1* and 2™ groups were found statistically
significant. As shown in Table 3, the head heights
of the fish in the groups at the beginning of the
experiment were determined to vary between 1.04 +
0.033 and 1.05 * 0.029 c¢cm (P > 0.05). At the end
of the 90-day trial, the head height of goldfish were
positively affected with increasing levels of ginseng.
It was determined that the head height increased by
0.35 cm in the fish fed T, diet compared with the fish
fed T, diet. Similarly, while the head height was 0.28
cm in the fish fed the T, diet, this increase was only
0.13 cm in the fish fed the T, diet. In the present
study, the head height of goldfish in treatments T,
and T, were greater (P < 0.01) than those in T, and
T,, respectively. Similarly, at the end of the 90-day
trial, the head widths were higher in fish fed the diets
with ginseng (T,, T,, and T,) than in fish fed the
control diet (11.32%, 14.02% and 12.96%, P < 0.01).
The differences between the means of diet T, and
diets with ginseng (T,, T,, and T,) were significant
(P <0.01).

The present trial results showed that adding
ginseng of 60 and 120 mg/kg to the diet could
positively affect the total live weight, specific growth
rate, feed consumption, and FCR of fish. It can be
said that this condition is a result of the positive effect
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Table 3. Results on developmental body of ornamental fish

Groups 1st, Group 2nd Group 3rd Group 4th GrOup
Parameters X + S n X + S n X + S n X + S

Initial body lengths (cm) | 30 | 3.28 £0.099 |30 | 3.33+0.077 | 30 3.35+£0.075 30 | 3.28 £0.067
15. day 30| 3.61+0.107 |30 | 3.57+0.068 | 30 3.64 £ 0.077 30 | 3.71+0.063
30. day 30| 3.87+£0.091 |30 | 3.82x0.078 | 30 389 + 0.086 30 | 3.87 £0.076
45. day 30 | 4.01+0.078 | 30| 4.05+0.089* | 30| 3.99+0.089* |30 | 4.19+0.081°
60. day 30 | 4.27 £0.077* | 30 | 4.30+0.107* | 30 | 4.50+0.106* | 30| 4.47 £0.091°
75. day 30| 5.54+£0.131 | 30| 5.51+£0.125 |30 5.76 £ 0.153 30 | 5.68+0.152
90. day 30| 6.10+£0.132 | 30| 6.10%£0.138 |30 6.35 + 0.166 30 | 6.29 £0.152
Initial body height of 1.82 £ 0.041 1.84 + 0.061 1.85 + 0.046 1.79 £ 0.079
goldfish (cm)

15. day 30| 2.04+£0.047 |30 | 2.07+0.053 |30 2.08 £ 0.057 30 | 2.01 £0.045
30. day 30| 2.17+£0.043* | 30 | 2.21+0.056® | 30 | 2.30+0.061> | 30| 2.30 £0.056"
45. day 30 | 2.34+£0.051* | 30| 2.36=0.063* | 30| 2.46+0.061> |30 | 2.47 +0.055
60. day 30| 2.49+0.051* | 30 | 2.47+0.070" | 30 | 2.63+0.066* | 30| 2.68%0.063"
75. day 30| 2.61+0.055* | 30| 2.64+0.071* | 30| 2.81+0.067* | 30| 2.88+0.071°
90. day 30 | 2.69+0.060° | 30 | 2.76 £0.061° | 30 | 2.93+0.070° | 30| 3.03£0.072¢
Initial head height of 30| 1.04+£0.033 | 30| 1.05+0.029 |30 1.04 £ 0.029 30| 1.04 £0.018
goldfish (cm)

15. day 30| 1.27+£0.037 | 30| 1.27+0.033 |30 1.28 £ 0.042 30 | 1.30 £0.024
30. day 30 | 1.38+0.038 | 30 | 1.40+0.028« | 30 | 1.43+0.034¢ |30 | 1.59*0.032°
45. day 30| 1.55+0.034° | 30 | 1.53£0.042° | 30 | 1.56+0.040° | 30| 1.77 £0.041¢
60. day 30| 1.67+£0.050° | 30 | 1.67 £0.048° | 30 | 1.79 +£0.046° | 30 | 2.00 + 0.047¢
75. day 30 | 1.86 £0.057¢ | 30 | 1.86£0.059¢ | 30| 2.02+0.059¢ |30 | 2.10+ 0.038¢
90. day 30 | 2.59 £0.067¢ | 30 | 2.72+0.066* | 30 | 2.87 £0.075¢ |30 | 2.94 +0.077¢
Initial head width (cm) 30| 0.82+£0.028 | 30| 0.81+0.024 |30 0.80 + 0.024 30 | 0.082 +.019
15. day 30 0.99+0.021 | 30| 1.00+0.023 |30 1.02 £ 0.024 30 | 1.04 £0.028
30. day 30 | 1.06 £0.029* | 30 | 1.14 +0.026® | 30 | 1.16 £0.030° | 30 | 1.15+0.031°
45. day 30| 1.17+0.031c | 30 | 1.24+0.033 | 30 | 1.33+0.037¢ | 30| 1.30+ 0.036¢
60. day 30| 1.24+0.034° | 30 | 1.42+0.041* | 30 | 1.44+0.035¢ | 30| 1.45+0.040¢
75. day 30 | 1.30+0.030° | 30 | 1.51+0.035¢ | 30| 1.54+0.038* |30 | 1.55%0.041¢
90. day 30| 1.41+£0.033¢ | 30| 1.59+0.035¢ | 30| 1.64+0.036* |30 | 1.62 =+ 0.040¢

a-b, c-d-e: (P < 0.05), (P < 0.01) Different letters in a same line are significantly different.

of saponin on fish due to the increase in the level of
ginseng included in the ratio.

Francis et al. (2002a) reported that the main
components found in ginseng roots were a series of
triterpene saponins called ginsenosides. Johnson et al.
(1986) found that some saponins positively affected
nutrient absorption by increasing the size of intestinal
mucosal cells (Attele et al., 1999; Briskin, 2002).

Francis et al. (2001a, 2001b, 2002b, and 2002c)
reported that increasing saponin in the diet promotes
growth and feed consumption of fish such as Cyprinus
carpio and Nile tilapia. Similarly, Tawwab (2012)
stated that Nile tilapia (Oreochromis niloticus) fed
with mixed feed with 1.0-5.0 g ginseng /kg diet
obtained a higher growth than tilapias fed with

mixed feed with control 0.0 /kg diet. Another study
(Mehrim et al. 2022) reported that African catfish
(Clarias gariepinus) fed 200 mg/kg ginseng /kg diet
significantly (P < 0.05) increased growth performance
and feed efficiency, compared with other treatments.
Another study by Li et al. (2022) found that Tilapia
(Oreochromis niloticus) fed with a diet supplemented
with 0.4-0.8%o of ginseng water extract improved the
growth performance and increased the specific growth
rate (SGR). Ginseng contains a sufficient amount of
ginsenosides (triterpene saponins). These substances
affect the nutrient absorption positively by changing
the villi permeability of the intestine. In addition,
it is believed that ginseng prevents the colonization
of pathogenic microorganisms in the digestive tract,
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increasing the population of beneficial microorganisms
and promoting growth due to its positive contribution
to microbial enzyme activity (Hu et al., 2003).

Another subject on the developmental body of
goldfish may help to explain the positive effect in
nutrition intake (Table 3). Findings obtained from
the research regarding the growth performance
of fish are consistent with the research findings
conducted on a similar topic (Francis et al., 2001a,
2001b, 2002a, 2002b; Francis et al., 2002¢c; Ashraf
and Goda, 2008; Tawwab, 2012; Mehrim et al.,
2022; Li et al., 2022).

Conclusions

In the light of the scientific results obtained in this
research, the following main conclusions can be drawn.
It has been observed that the application of ginseng
in goldfish increases FCR, body height, and head
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Captive Green Java Peafowl (Pavo muticus)

A. D. Anjum' and Asad Aslam Khan'
!Department of Pathobiology, Riphah College of Veterinary Sciences (RCVetS), Riphah International University,
Lahore, Pakistan

Keywords: Mycotic pneumonia, Green Java, Peafowl, Pulmonary, Aspergillosis

Abstract. An adult Green Java peafowl, from a private aviary, was presented for treatment at the
Riphah Pet Hospital, Lahore, Pakistan. Physical examination of the bird revealed lethargy, gasping
and head jerking but no other clinical signs. The bird died before any intervention. At necropsy, multiple
off-white hard nodules were observed in the lungs and two off-white flat growths in abdominal air sacs.
Systemic spread of the fungus to the liver causing hepatitis was also noticed. Kidneys were pale, yellow
and atrophied but fungus hyphae or conidia could not be detected in kidneys.

Microscopically, the lung nodules were typical granulomas consisting of Aspergillus spp. hyphae
and necrosis in the centre surrounded by inflammatory cells, mainly heterophils and macrophages and
rare multinucleated giant cells. From the literature search, it appears to be the first report of angioinva-

Case Report: Angioinvasive Pulmonary Aspergillosis in an Adult

sive mycotic pneumonia in Green Java peafowl.

Statement of novelty

Pulmonary aspergillosis is not uncommon in
poultry and avian wildlife. This is the first report
describing the condition in Green Java Peafowl kept
in captivity.

History and clinical signs

An adult Green Java peafowl of age 2.5 years was
presented for examination with severe illness. History
included anorexia, depression, weight loss and
severe respiratory distress. The bird received, poorly
described, extensive medication by the owner using
antibiotics, etc., but the sickness remained prog-
ressive. The live body weight of the bird was 2.84 kg.

Physical examination of the bird revealed de-
pression and severe open-mouth difficult breathing.
The bird died soon after arrival at the hospital before
any intervention and no ante mortem tests could be
performed.

Post-mortem lesions

Necropsy examination revealed pectoral muscle
atrophy and fibrosis at the site of intramuscular
injection(s).

Grossly, the lungs were congested haemorrhagic
and consolidated with multifocal off-white nodules
on the surface, as well as deep in the parenchyma,
varying from 0.4 cm to 1.0 cm in diameter (Fig. 1A).
Microscopically, the interalveolar septa were thickened
with fibrin, heterophils, lymphocytes and macro-
phages. There was congestion, haemorrhages and
extensive consolidation, and many areas contained
abundant hemosiderin pigment (Fig. 2A) in the

Corresponding to Asad Aslam Khan, Department of Pathobiol-
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lungs. The nodules were typical fungal granulomas
(Fig. 2B) comprised of septated branching hyphae of
Aspergillus spp. (Fig. 3B) and conidia heads, which
were stained with Haematoxylin and Eosin stain (Fig.
3A) with mainly heterophil infiltration followed by
infiltration of macrophages and rare multinucleated
giant cells. Fungal hyphae caused extensive necrosis
and also invaded blood vessels (Fig. 4).

Two fungal growths were also present in the left
abdominal air sac (9 mm diameter x lmm thick and
4 mm diameter x 0.5 mm thick), off-white in colour,
surrounded by general cloudiness of air sacs (Fig.
1B). The bigger colony was attached to the gizzard
serosal surface but it had no physical contact with
the lungs. Wet smears, stained with Wright’s stain,
revealed fungal hyphae and conidia in the thickened
inflamed air sacs.

Grossly, the oral cavity showed stomatitis. Lesions
consisted of yellowish-green, fur-like tongue and
palate. Scrapings, stained with Wright’s stain, showed
conidial heads and fungal hyphae.

The liver was enlarged and inflamed with numerous
tiny aspergillus colonies. Fungal hyphae were seen in
impression smears from the cut surface of the liver
stained with Wright’s stain. Kidneys were pale and
atrophied.

Discussion

Soil is the natural reservoir of Aspergillus from
which aerosols of conidia are released that are
inhaled and deposited deep in the respiratory tract.
Aspergillosis, a respiratory disease, is common in
young chickens (Dykstra et al., 2013), captive (and
wild) birds (Khosravi et al., 2008; Samson et al., 2014;
Hauck et al., 2020; Arne et al., 2021), aquatic birds
(Melo et al., 2020). The published literature is limited
to case reports in various birds, but information on
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Fig. 1. The lungs of a Green Java Peafowl showing (A) congestion, consolidation and multifocal off-white nodules (*).
The pleural covering of the lungs is thickened due to oedema and fibrinous inflammation (arrow). A large fungal colony
involves pleura and lung parenchyma (arrowhead). (B) Grossly, two fungal growths were observed in the left abdominal
air sac (arrows). The inset shows a closer view of the two colonies. The bigger colony was attached to the gizzard serosa

(arrowhead).

Fig. 2. A photomicrograph of the lung: (A) thickened inter-alveolar septa (a) with fibrin, heterophils, lymphocytes and
macrophages; necrosis sounded by consolidation (*) and hemosiderin pigment (**); (B) a typical Aspergillus granuloma
in the lungs (H&E stain).

Fig. 3. (A, B) A photomicrograph of the lung of the Green Java peafowl showing extensive septated hyphae and conidia
typical of Aspergillus spp., stained with Haematoxylin and Eosin stain.
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Fig. 4. The lung section of the Green Java peafowl shows an invasion of hyphae into an arteriole (arrow),
and fungus growth has narrowed the arteriolar lumen to less than a half.

A photomicrograph of the lung with thickened interalveolar septa with fibrin, heterophils, lymphocytes and mac-

rophages. HE x 320

A photomicrograph of the lung showing congestion and oedema. HE x 200

pulmonary mycosis in Green Java peafowl is scarce or
not available.

Aspergillus  fhous is a more prevalent species
in Pakistan (Hedayati et al., 2007). However, in
the Green Java peafowl, Aspergillus fumigatus was
confirmed. Noteworthy, A. fumigatus conidia being
smaller in size (2 to 3.5 um) than A. fhvus conidia
(3 to 6 um) allows A. fumigatus conidia to reach the
pulmonary alveoli much easier than those of A. fhovus
(Hedayati et al., 2007).

Past case reports in various birds have emphasized
a granulomatous type of lesion in the lungs. In the
present case, an extensive and widespread inflammatory
reaction was also seen in the lungs (Fig. 1). According
to Ahamad et al. (2018), mycelial development causes
tissue necrosis and incites a strong host reaction.
Hence, a massive inflammatory response inducing
severe necrosis and inflammation in the air sacs could
be linked to extensive hyphae sprouting.

In humans, pulmonary nodules are a less common
manifestation of aspergillosis in immunocompetent
patients (Muldoon et al.,, 2016) but they have
been associated with drastic immunosuppressive
therapies (Hedayati et al., 2007). Also, Frank et
al. (2005) induced severe mycotic air sacculitis
and pneumonia with A. fumigatus by prolonged
prednisolone therapy in parrots. There was no trace-
able obvious immunosuppressive factor in the
present case. However, healthy birds exposed to large
numbers of aerosol conidia may be infected without
immunosuppression. Furthermore, A. fumigatus itself
secretes molecules which are potentially immuno-
suppressive (Latgé, 1999).

In general, mononuclear cells predominate in
chronic granulomatous lesions. However, in this case
of aspergillus granuloma, heterophils predominated

in the necrotic tissue. As reviewed by Latgé (1999),
neutrophils remain responsible primarily for hyphal
killing, and conidia are killed by macrophages. There-
fore, extensive development of mycelium (see Fig.
3) justifies heterophil predominance in aspergillus
lesions.

Aspergillosis can cause local lesions in the
respiratory tract or systemic infections involving
internal organs such as the liver, kidneys, or brain
(Dykstra et al., 2013). The inflammation of the liver
in this case appears to be systemic dissemination of
the Aspergillus from the lungs (note angio invasion
in Fig. 4).

There was no gross or histological evidence of
fungal invasion in the kidneys. Pale, atrophied kidneys
suggest chronic damage by mycotoxins; however,
feed samples could not be obtained for spores or
mycotoxins analysis due to the non-availability of
feed consumed in the past. Kidney damage could also
be related to injudicious and excessive medication or
synthesis of mycotoxins by Aspergillus while growing
in tissues.

The green Java was purchased around 6 months
ago. Keeping in view the history and longevity of
lung lesions in the case and hygienic management
at the aviary, a priori, the bird was a latent carrier
at the time of its arrival to this location. Five of the
mates at this aviary are apparently healthy. Therefore,
it appears that the A. fumigatus was not bird-to-bird
transmitted.
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Abstract. For the period between June 2020 and -March 2022, a total of 8 dairy cattle farms were
surveyed in terms of the prevalence of clinical and subclinical mastitis. Four of them were located in
Northern Bulgaria (Targovishte, Shumen and Dobrich districts) and another four in Southern Bulgaria
(Stara Zagora, Plovdiv and Haskovo districts). In these target farms, a rapid mastitis screening test
was initially performed to detect the presence of subclinical mastitis or samples with high somatic cell
counts. A total of 312 milk samples were obtained from milk quarters who reacted with 3+ or 4+ to
which 34 samples of inflammatory exudate from cows with clinical mastitis were added.

During the microbiological investigation of the 346 samples, 272 of them (79.1% ) were bacteriologi-
cally positive. Streptococcus spp., were isolated from 151 samples (55.5%). The second most common
species was Staphylococcus spp., detected in 110 (40.4%) of the tested samples. In total, the Gram-
positive cocci finding exceeded 95% of the microbial species. The remaining 11 (4.0%) isolates belonged
to another 6 taxa. These included four strains identified by prior phenotypic identification as Truep-
erella pyogenes, three Escherichia coli isolates, and one strain of each Pasteurella multocida, Nocardia
asteroides, Klebsiella pneumoniae, and Acinetobacter spp.

Staphylococci were also studied for their sensitivity to 11 chemotherapeutic agents. The highest per-
centage of resistance (50% ) was determined to lincomycin, followed by that to tetracycline (37.3%), and
beta-lactams ampicillin (24.5%), and oxacillin (13.6%). The resistance rates to cefoxitin and cephalotin
were 5.5% and 0.9% respectively. Also, lower values of resistant strains were observed for the combina-
tion of trimethoprim/sulfonamides (7.3%), ciprofloxacin (1.8%), and rifampicin (0.9%). Resistance to
gentamicin and amoxicillin/ clavulanic acid was not established. Minimum inhibitory concentrations
were determined for the studied chemotherapeutics, with the highest MIC, values of 128 ug/mL and
2 ug/mlL for tetracycline and lincomycin, and the lowest MIC, values of 0.001 ug/mL for rifampicin
and ciprofloxacin, respectively. A MIC, of 0.125 ug/mL was obtained for oxacillin, 1.5 ug/mL for

trimethoprim/sulfonamides and 1.0 ug/mL for ampicillin, cephalotin and cefoxitin.

Introduction

Staphylococci are among the commonest agents
of bovine mastitis, causing substantial economic
losses and threatening public health. Apart the
economic status of an affected farm, mastitis also
influences the quality of milk, and respectively the
health of offspring. On the other hand, the spread of
multi-resistant microbial strains involved in mastitis
etiology is also an important health issue related to
animal welfare and risks for human health through
the food chain.

Subclinical mastitis is one of the most frequent
form of bovine mastitis, prevalent in many geographic
regions, increasing milk somatic cell counts and
altering milk physical and chemical properties (Abebe
et al., 2016; Jagielski et al., 2014; Léon-Galvan et al.,
2015; Salvador et al., 2014).

Corresponding to Valentina Urumova, Trakia University Faculty
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The spread of resistance to chemotherapeutics
used for treatment of mastitis is a serious challenge
for control of these infections, and also a specific
process influencing the therapeutic approach
to affected populations (Sakwinska et al., 2011;
Silveira- Filho et al., 2014; Vakkamiki et al., 2017).
The monitoring of antimicrobial resistance is
beneficial for objective decision-making on the
therapy and prevention of mastitis, and at the same
time demonstrates the possible trends of resistance
development, which is important for the correct use
of antimicrobial drugs in veterinary practice (Mader
et al., 2021). The monitoring of resistance to beta-
lactam chemotherapeutics is of particular interest,
as they are frequently used for treatment of bovine
mastitis, and some pathogenic strains, e.g. methicillin-
resistant staphylococci have a public health impact as
well (Schnitt and Tenhagen, 2020). The production
of beta-lactamases is the commonest mechanism of
resistance against beta-lactams among both Gram-
negative and Gram-positive bacteria (Livermore and
Brown, 2001).
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The aim of the present investigation was to
perform a two-year survey on the prevalence of the
most prevalent etiological agents of bovine mastitis
and to analyze their sensitivity to most commonly
used chemotherapeutic drugs.

Material and methods

From June 2020 to March 2022, a total of 8 dairy
cattle farms were surveyed for prevalence of clinical
and subclinical mastitis. Of them, four were located
in North Bulgaria (2 in Targovishte district, 1 in
Shumen and 1 in Dobrich districts); the other four
were in South Bulgaria (Stara Zagora, Plovdiv and
Haskovo districts). Initially, the cows at the farms were
screened with the rapid Kerba mastitis test to detect
subclinical mastitis or samples with high somatic cell
counts. A total of 312 milk samples were collected
from milk quarters having reacted with 3+ or 4+. To
them, 34 samples of inflammatory exudate from cows
with clinical mastitis were added.

All milk samples were cultured aerobically on
Columbia blood agar (5% sheep red blood cells) and
McConkey agar at 37°C for 24— 48 hours. The samples
were determined as contaminated after the detection
of growth of more than two morphotypes and absence
of the specific growth of the main etiological agents.
Strains from the positive samples were the first type
depending on the expression of haemolytic activity:
a-, B-, or double haemolytic zone, Gram staining,
production of catalase and oxidase, free coagulase
production and mannitol utilisation.

DNA extraction from suspect colonies of
both coagulase-negative and coagulase-positive
staphylococci was done with DNeasy Blood Tissue
kit (Qiagen, Germany) and the identification of
staphylococci  was performed with commercial
Microbial DNA qPCR assay kits- Qiagen, Germany.
The emphasis in this study was on the genetic
determination of Staphylococcus epidermidis and
Staphylococcus aureus. The genetic assays employed
TagMan probes for detection of amplification regions
determining the species affiliation of staphylococci,
labelled with FAM reporter dye and ROX Reference
Dye (passive reference dye). Amplification reactions
were run in STRATAGENE Mx3000P qPCR (Agilent
Technologies, USA). The reaction protocol was as

followed:

Table 1. PCR protocol

Components n=1
PCR water 6.5 uL
Master mix 12,5 uL
qPCR assay 1uL
Mastermix volume 20 uL
DNA tamplate 5uL
Total volume 25 ul

The temperature region of amplification reaction
comprised: the initial step of denaturation at 95°C
for 10 minutes, two steps of 40 cycles each consisting
of denaturation (95°C for 15 sec), and annealing/
elongation (60°C for 2 min).

For phenotype analysis of resistance of isolated
staphylococci  to antimicrobial drugs, the disk
diffusion method and the method for determination
of minimum inhibitory concentrations (MIC)
(E-test, Hi Comb™) were used. The disks and test
strips were produced by Himedia Biosciences, India.
MICs of lincomycin were determined by the dilution
in Muller-Hinton agar method. Lincomycin was
provided by the Veterinary Preparations Enterprise in
Zavet, Razgrad district, Bulgaria. The sensitivity of
staphylococci was tested to eleven chemotherapeutical
drugs from several classes. The used antibiotic
disks included beta-lactams: ampicillin (10 ug),
amoxicillin/clavulanic acid (20/10 pg), oxacillin
(1 wg), cephalothin (30 pg) and cefoxitin (30 ug);
aminoglycosides-aminocyclitols: gentamicin (10 pg),
tetracyclines: tetracycline (30 pg), fluoroquinolones:
ciprofloxacin (5 ug), as well as lincomycin (15 ug),
rifampicin (5 pg) and the combination trimethoprim/
sulfonamide (23.75/1.25 ug). The reference strain
Staphylococcus aureus ATTC 25923 was used as
control in the phenotype analysis of resistance. The
strains were interpreted as resistant or sensitive based
on critical thresholds recommended by EUCAST
(2022).

Statistical analysis of the data was performed with
GraphPad Instat 3 software.

Results

The data from performed surveys are presented in
Table 2. Of all 6568 tested milk quarters of dairy cows,
312 (4.7%) were found positive or suspect by the rapid
mastitis test. The samples from all positive quarters
were sent for microbiological examination together
with another 34 samples from clinical mastitis.

The highest percentage of subclinical mastitis was
found outin the farm in Mengishevo (29.8%), followed
by the Karapelit farm (24.0%), the least prevalence
was identified at the Kamburovo farm (7.4%), where
the Staphylococcus aureus isolates were more spread
(11 of the total 16 strains from bovine subclinical
mastitis). The cows at the Karapelit farm exhibited a
higher prevalence of coagulase-negative staphylococci
(29 of 61 strains from bovine subclinical mastitis)
followed by the Popovitsa farm (18 out of 28 strains
from bovine subclinical mastitis). Staphylococci were
the least prevalent at the Harmanli farm (2 of the total
4 strains from bovine subclinical mastitis).

A positive microbial finding was detected in 272
of all the tested 346 samples (79.1%). Streptococcus
spp. was presented in 151 samples (55.5%). Second
came the members of genus Staphylococcus. They
were found out in 110 of the tested samples (40.5%).
Of them, 78 (71.0%) were determined as coagulase-
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negative and 32 (29.1%) as coagulase-positive. In
general, Gram-positive cocci exceeded 95% of all
identified microbial species. Eleven isolates (4%)
belonged to other 6 taxa. They included 4 strains
phenotypically determined as Trueperella pyogenes, 3
E'.coli strains, and a single strain of species Pasteurella
multocida, Nocardia asteroides, Klebsiella pneumoniae
and Acinetobacter spp.

Staphylococci were tested for their sensitivity to
11 chemotherapeutic drugs. Table 4 presents the
results about the spread of antimicrobial resistance
among staphylococci. The highest resistance rate
(50%) was shown against lincomycin, followed by
that against tetracycline (37.3%) and beta-lactams
ampicillin  (24.5%) and oxacillin (13.6%). The
occurrence of resistance to cefoxitin and cephalothin
was lower, 5.45% and 0.95%. respectively. Also, a
lower prevalence was detected with respect to strains
resistant to trimethoprim/sulfonamides: 7.3%, cipro-
floxacin: 1.8% and rifampicin: 0.9%. Studied staphy-
lococci showed no resistance to gentamicin and
amoxicillin/clavulanic acid.

Table 5 presents the determined MIC, values
to 9 of the tested chemotherapeutics. The highest
MIC,, 128 pg/mL and 2 ug/mL, were obtained for
tetracycline and lincomycin, respectively. The lowest
MIC of 0.001 ug/mL were found out for rifampicin
and ciprofloxacin. With regard to oxacillin, MIC, was
0.125 pg/mlL; for trimethoprim/sulfamethoxazole it
was 1.5 pg/mL; and for ampicillin, cephalothin and
cefoxitin it was 1 ug/mL.

Resistance to beta-lactams, lincomycin and
tetracycline was present in 15.4% of multi-resistant
coagulase-negative  staphylococci.  The  multi-
resistance patterns in 21.9% of coagulase-positive
staphylococci referred to beta-lactams and rifampicin.

The genetic analysis of strains showed that 10.2%
of coagulase-negative staphylococci belonged to
Staphylococcus epidermidis species, whereas 31.2% of
coagulase-positive staphylococci were identified as
Staphylococcus aureus. Figure 1 presents amplification
plots and Ct values obtained from genetic identi-
fication of staphylococci. Positive results have C,
values < 34.

Discussion

In this survey, the proportion of staphylococcal
isolates from bovine mastitis was 40.5%, coming
second after isolates from Streptococcus spp. The
major part of staphylococcal isolates from milk
samples was coagulase-negative (71%), whereas the
share of Staphylococcus aureus was 31.2% from the
group of coagulase-positive strains. Seventy-seven
coagulase-negative staphylococcal strains (98.7%) and
25 coagulase-positive strains (78.1%) were associated
with subclinical mastitis.

A number of authors have affirmed the increasing
role of coagulase-negative staphylococci in the
etiology of mastitis in Europe (Tenhagen et al., 2009;
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Table 2. Surveyed farms, cases with subclinical mastitis, samples submitted to microbiological examination and results

Other
species

11

Positive for
Staphylococcus

SPPp spp-

16

34
11

19

20
110

Streptococcus

Spp-

12

61

30
15
10

13
151

positive microbiologi-

cal finding

22

24
67

64
26
29

36
272

Total number of sam- | Number of samples with | Positive for

ples for microbiologi-

cal examination

28

33
103
78
31

35

30
346

Of them

-+

28

23

93

75
30
34

29
312

Number of milk

quarters tested

with KMT

1112

416

1360
1988
236
380

1076
6568

Number of
cows with clini-

cal mastitis

10
10

34

Total
number of

COWS

280

114
350
500
60

96 out of

2500

61

270
1731

Farm

Trem

Kamburovo

Mengishevo

Karapelit

Stara Zagora

Popovitsa

Harmanli

Borets
Total
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Table 4. Percentage of staphylococci resistant to 11 chemotherapeutic drugs with confidence limits

Coagul.ase— Staphylococcus Total number of . -
. negative ) Confidence limits
Chemotherapeutic drugs . aureus staphylococci
staphylococci (n=32) (n-110) (CL)
(n=78) B

Ampicillin 13 (16.7%) 14 (43.7%) 27 (24.5%) 17.8+32.8
Amoxicillin/clavulanic acid - - -

Oxacillin 12 (15.4%) 3(9.4%) 15 (13.6%) 7.8+20.6
Cephalothin 1(1.3%) - 1(0.9) 0-+3.5
Cefoxitin 3 (3.8 %) 3(9.4%) 6 (5.4%) 1.9+10.3
Lincomycin 50 (64.1%) 5(15.6%) 55 (50%) 40.7+59.3
Gentamicin - - -

Tetracycline 32 (41.0%) 9 (28.1%) 41 (37.3%) 28.5+46.5
Rifampicin 1(1.3%) - 1(0.9%) 0+3.5
Ciprofloxacin 2(2.6%) - 2 (1.8%) 0.1+5.1
Trimethoprim/sulphamethoxazole 8 (10.2%) 8 (7.3%) 3.1+12.8

Table 5. MICs of 9 chemotherapeutic drugs for staphylococcal isolates from subclinical and clinical bovine mastitis

(n =110)
MIC pg/mL
gﬂgi"gﬁg MIC,, [0.001[0.125 [0.5|0.75 | 1 2 |34 6|8]16]32]64|9| 128|192
Ampicillin 1.0 85 2% 5 4 112 1
Oxacillin 0.125 98 6* 3*
Cephalothin 1.0 321 30 |20 27 1%
Cefoxitin 1.0 54 50 20 %1112
Lincomycin 2.0 51| 45 | 5 55%*
Tetracycline 128 * 69 1191 4 26
Rifampicin 0.001 | 109 * 1
Ciprofloxacin | 0.001 | 108 2
Trimetho-
féi}rfh/ameth_ 15 30 32 3 1% 4
oxazole

Legend: MIC thresholds are marked with asterisks

Persson et al., 2011; Piessens et al., 2011), as well as
in other regions in the world (Mekonnen ef al., 2017;
Mpatswenumugabo et al., 2017). In Belgium, Piessens
et al. (2011) have discussed the thesis that the spread
of coagulase-negative staphylococci in mastitis may
be associated with the fact that they are human skin
commensal organisms that may spread on animals due
to the lack of proper hygienic measures. Zadoks et al.
(2011) and Ndahetuye et al. (2019) have emphasized
on the fact that the involvement of Staphylococcus
aureus in the etiology of subclinical mastitis was
rather related to chronic and persisting infections.
The genotyping of coagulase-negative staphylococci
demonstrated that the commonest species were
S. chromogenes, S. epidermidis, S. haemolyticus, S.

simulans, and S. xylosus (Capurro et al., 2009; Perry
et al., 2010; Persson et al., 2011; Duse ef al., 2021).
In Germany, Luthje et al. (2006) have reported a
different species distribution of coagulase-negative
staphylococci causing bovine subclinical mastitis, with
the highest prevalence of Staphylococcus chromogenes
(33.2%), followed by Staphylococcus simulans (23.2%)
and Staphylococcus epidermidis (11.7%). In Rwanda,
Ndahetuye et al. (2019) have found out that among
coagulase-negative staphylococcal agents of subclinical
mastitis, Staphylococcus epidermidis (38.2%) was more
commonly isolated than Staphylococcus sciuri (19.5%)
and Staphylococcus chromogenes (9.8%). On the other
hand, Ruegg (2020) has commented that streptococci
were the leading agents of bovine clinical mastitis,
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Table 6. Resistance patterns of multiresistant staphylococci isolated from bovine mastitis (n-110)

Resistance patterns

Number of resistant strains

Resistant staphylococci (% ) and
confidence limits (CL)

Coagulase-negative staphylococci (n=78)

Ox, Amp, L,T 6 7.7% (2.8+14.5)
Ox, Amp, Fox, L 2 2.6% (0.3+7.2)
Ox, Amp, L 2 2.6% (0+0.3)
Ox, Amp, Ceph, L 1 1.3% (0+4.9)
Ox, Amp, AMC, Ceph, Fox, L, T 1 1.3% (0+4.9)

Coagulase-positive staphylococci (n=32)

L, RIF 4

12.5% (3.5+26.1)

Ox, Amp, Ceph, RIF 3

9.4% (1.9+21.7)

Legend: Ox — oxacillin, Amp-ampicillin, AMC — amoxicillin/clavulanic acid, Ceph — cephalothin, Fox — cefoxitin,

L — lincomycin, T — tetracycline, RIF — rifampicin.

Amplification Plots

Fluorescence (dR)

Fig. 1. Amplification plots of Staphylococcus aureus

followed by coliform bacteria and Staphylococcus
aureus. Neelam et al. (2022) have also determined
Staphylococcus aureus as the leading etiological agent
of bovine mastitis in India: in 79.7% of cases as seen
from genetic analysis of staphylococci isolated from
milk samples, whereas only 10.9% were described
as belonging to coagulase-negative staphylococci.
Also in India, Mahanti et al. (2020) have proved the
presence of Staphylococcus aureus in 21% of milk
samples from healthy cows and cows with clinical and
subclinical mastitis, tested by phenotype and genetic
methods.

From a comparative point of view, the number
of genetically determined coagulase-negative
Staphylococcus epidermidis were encountered at a
lower rate (10.2%), comparable with that reported
by Luthje et al. in Germany (11.8%). Regarding
the prevalence of coagulase-positive staphylococci,
genetic studies classified 31.2 % of the tested strains
as Staphylococcus aureus, with a rate higher than those
from data of Mahanti et al., and far lower than those

reported by Neelam et al. in India.

In Poland, Gagielski et al. (2014) have discussed
the hypothesis that penicillin-resistant staphylococci
were largely involved in bovine mastitis etiology
(41%). They also underlined that fact that all
Staphylococcus aureus isolates were sensitive to
cefoxitin, gentamicin, doxycycline, ciprofloxacin
and trimethoprim/sulfamethoxazole and expressed
an intermediate sensitivity to clindamycin. In their
view, the monitoring of antimicrobial resistance of
Staphylococcus aureus strains in dairy cattle farms is
an important part of mastitis control and objective
therapeutic control.

In Germany, Luthje et al. (2006) observed a
broader prevalence of ampicillin-resistant coagulase-
negative staphylococci (18.1%), as well as of those
resistant to pirlimycin from the lincosamides group
(6.4%). In Brazil, Olivera et al. (2012) have reported
a higher prevalence rate to tetracycline (19%) among
Staphylococcus aureus isolates from bovine subclinical
and clinical mastitis. Again in Brazil, Zuniga et al.
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(2020) have discussed the high rate of coagulase-
negative staphylococci, resistant to amoxicillin and
ampicillin (59.7%) causing subclinical mastitis in
cattle. With regard to gentamicin and oxacillin, the
authors recorded a high sensitivity, 95% and 86%.
The MIC,  values for aminopenicillins exceeded
8 ug/mL.

Our results demonstrated a lower spread of
staphylococci resistant to aminopenicillins (24.5%),
compared with the data of Zuniga et al. from Brazil,
with a higher percentage of resistant coagulase-positive
strains (43.7%). On the other side, the obtained MIC,
values for aminopenicillins were below 1 ug/mlL.
In India, Mahanti et al. (2020) have reported a higher
prevalence of Staphylococcus aureus resistant to
beta-lactam chemotherapeutics ampicillin (71.4%),
cefoxitin (42.9%) and amoxicillin/clavulanic acid
(38.1%). The authors commented that multi-resistance
patterns of methicillin-resistant strains included
beta-lactams, tetracyclines and aminoglycosides. In
Sweden, possibly due to the antibiotic restriction in
livestock husbandry, Duse et al. (2021) have reported
a high sensitivity of clinical mastitis Staphylococcus
aureus isolates to chemotherapeutics, except for
penicillin-resistant coagulase-negative staphylococci
(30.4%).

Also, higher rates of resistance to lincomycin
and tetracycline have been reported (50%, 37.3%)
compared with data from Germany published by
Luthje et al. and from Brazil reported by Zuniga et
al. In India, Neelam et al. have also established higher
percentages of Staphylococcus aureus milk isolates,
resistant to lincomycin (49.09%) and oxytetracycline
(98.18%). These rates were discussed in the light
of the more common use of antimicrobial drugs
for bovine mastitis therapy in the country. Our
results for microbial resistance to lincomycin and
tetracycline showed higher rates in coagulase-negative
staphylococci: 64.1% and 41.0%, respectively.
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Abstract. Hypertrophic cardiomyopathy (HCM) is one of the most common heart diseases among
cats. The aim of the study was to find out the prevalence of the missense A31P mutation of the
MYBPC3 gene in the feline population and its dependence on breed and sex. During the study, 130
individuals were tested by PCR-RFLP method. The 242 bp PCR product was digested with Aval
restriction enzyme and the fragments were separated by electrophoresis in 2.5% agarose gel. Besides
that, retrospective analysis was performed based on data from the veterinary clinic, collected in a three
years period. The mutation (G/C genotype) was detected only in the Maine Coon breed. Data analysis
showed that frequency of heterozygous genotype in the tested Main Coon population was 0.23, which
is equal to 13.85% of all the studied feline population and 23.1% of the tested experimental (Maine
Coon) group. Allele frequencies were calculated in the experimental group (Maine Coon), the control
group (feline of other breeds) and for all tested individuals. In all groups, the most frequently repeated
allele was G, and in the control group, it was the only detectable allele. Frequency of the C (mutated)
allele was calculated for all individuals (0.07) and for experimental (Maine coon) (0.115) groups.
Statistically significant Main Coon breed dependence on the mutation was assessed (P < 0.05). Infor-
mation analyzed retrospectively showed that HCM was more often diagnosed for males (87%) than

females.

Introduction

Hypertrophic cardiomyopathy (HCM) is charac-
terized by an abnormal increase in myocardial mass
that affects cardiac structure and function. HCM is
the most common inherited cardiovascular disease in
humans (0.2%) and the most common cardiovascular
disease in cats (14.7%) (Gil-Ortufio et al., 2020).
Domestic cats of any age from 3 months upward, of
either sex and of any breed, can be affected. A higher
prevalence in male and domestic shorthair cats has
been reported (Kitz et al., 2019).

Feline hypertrophic cardiomyopathy (HCM) is
defined by an unexplained thickening of the left
ventricular wall without dilation of the chambers and
in absence of any other cardiac or noncardiac disease
that itself is capable of causing hypertrophy of the
heart (Kittleson et al., 2021).

Feline HCM has long been called an idiopathic
disease. Viral infections have been implicated as the
cause of cardiomyopathy in several mammalian species
(Machado et al., 2010). Recently, however, there has
been a growing trend towards a different — genetic —
diagnosis of HCM. Genetic HCM is thought to
occur in American Shorthair, Maine Coon, Persian,
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Norwegian Forest, Ragdoll and Sphinx cats. Based on
research in human medicine in the diagnosis of HCM,
the genetic origin of feline HCM was first identified
in 2005 by a sequence analysis of the gene encoding
sarcomer proteins (Wess et al., 2010; Connolly et
al., 2005). More than 1500 variants in MYBPC3,
MYH?7 and other sarcomeric genes are associated
with human HCM, while in cats, only two causative
variants in MYBPC3 are currently known (Schipper
et al., 2019). For the first time, the A31P mutation in
the MYBPC3 gene was found for Maine Coons. It is
supposed that about 34 percent world Maine Coon
population has the missense A31P mutation (Mary
et al., 2010). Frequent prevalence of the disease in
Maine Coon population for which this mutation has
not been identified indicates that it is probably not
the only mutation causing HCM in this breed.

The A31P mutation (¢.91 G > C). A change in
the nucleotide sequence of the DNA was detected
at codon 31, nucleotide 91 of the third exon of the
MYBPC3 gene on chromosome 11, in which the
conserved guanine (G) was replaced by cytosine (C).
Such a change in the nucleotide sequence at the
codon resulted in a change in the GCC triplet, which
encodes alanine, to the CCC triplet, which encodes
proline. There are two ways to term this mutation: the
first is A31P, which contains the codon number and
exchanged amino acids, and the second is ¢.91G>C,
which indicates the nucleotide number of the DNA
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and substituted nucleotides (Meurs et al., 2005).

The prevalence of the A31P mutation was
observed among Maine Coon. In one study, 34% of
the studied Maine coons had this mutation and 10%
of them were homozygous. This study also suggests
that the mutation is observed only in the Maine Coon
breed cats (Fries et al., 2008). However, in 2010, an
A31P mutation was also detected in one cat of British
Shorthair (Mary et al., 2010). The prevalence of the
A31P mutation in the MYBPC3 gene has not been
analyzed so far among Maine coons and other breeds
of cats bred in Lithuania.

As in humans, the HCM causing mutation in
cats may have different penetrantity. Mutation
manifestation phenotypically was found to be in
6—8% cats with a heterozygous genotype and 58—-80%
with a homozygous genotype. Therefore, even one cat
of the same origin may have minimal heart changes
and others have a severely developing disease. Such
differences between genotypes and phenotypes
indicate that there may be other genetic and
environmental factors that influence the development
of a particular phenotype (Kittleson et al., 2015).

So far, the genetic alterations that cause HCM
have been identified in the gene MYBPC3, which
encodes the cardiac isoform of myosin-binding pro-
tein C (cMyBP-C). This isoform consists of 2% of
myofibril proteins in the heart and is important in the
regeneration of muscle cells. Decrease in cMyBP-C
and myomezin protein levels were observed in cats
affected by the mutation. cMyBP-C is a protein that

to cardiac systolic and diastolic function and the
ability of the heart to increase contractions under the
influence of an inotropic stimulus (Sadayappan et al.,
2012).

Due to the frequent occurrence of HCM in cats,
a clear mechanism for the onset of the disease is
very relevant in veterinary medicine. Therefore, the
aim of the research was to evaluate the prevalence of
the A31P mutation in the MYBPC3 gene in feline
population, its dependence on different factors such
as breed and sex. Detection of the mutation allows
preventive measures to be taken to ensure the well-
being and health of cats at a risk of HCM.

Material and methods

MYBPC3 gene polymorphism study

A total of 130 individuals were studied. Biological
samples were taken from various breeds of cats (Table
1). Samples for research were collected from different
regions of Lithuania. They were divided into two
parts: control and experimental groups. The control
group consisted of cats of various breeds (Scottish
Fold, British Shorthair, Siamese, Devon Rex, Persian,
Bengal and crossbreed), and the experimental group
was comprised only of Maine Coon cats. DNA was
isolated from buccal epithelial cells (Aidar et al.,
2007). The MYBPC3 gene polymorphism study was
performed by the PCR-RFLP method. This test was
used to identify a mutated allele that forms when
a missense mutation occurs, guanine changes to
cytosine at codon 31 of the third exon (c.91G>C).

regulates the heart muscle, which affects the power According to feline MYBPC3 gene sequence
and the rate of heart contractions. It also contributes  (GeneBank accession No. NC_018732.3), using
Table 1. Distribution of studied individuals by breed and gender
No. Breed Number of tested individuals Females Males
1. | Maine Coon 78 57 21
2. | Scottish Fold 20 11
3. | Persian 3 1
4. | Devon Rex 1 0 1
5. | British Shorthair 10 1 9
6. | Crossbreed 13 3 10
7. | Bengal 3 2 1
8. | Siamese 2 0 2
Table 2. Primers, PCR reaction conditions, size of PCR product and restriction enzyme
Patin7Genetic Primers PCR profile PCB product Restriction
defect size, bp enzyme
95°C 3 min
. 94°C 30 sec
Hypertrophic — 2
cardiomyopa- F ,5 agecttcagcaagaageca-3 , 56°C 30 sec 35 242 bp Aval
hy (HCM) R: 5’-caaacttgaccttggaggage-3 cycles
thy 72°C 40 ses
72°C 7 min
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“Primer3” software, oligonucleotide primers were
designed. The PCR mode used in the study is shown
in Table 2. The primers amplify 242 bp fragment. The
obtained PCR product was digested with a restriction
enzyme. The appropriate restriction enzyme (Aval,
Thermo Scientift) was selected by the “CLC Sequence
Viewer 8” program. 10 uL of the PCR product was
digested with 10 pL of the restriction mixture.
Samples were incubated in a thermostat overnight
at 37°C. The digested PCR products, stained with
10 puL of ethidium bromide, (CS-300V Cleaver;
Scientific Ltd), were fractionated by electrophoresis
at 2.5% agarose gel (1 x TAE) for 45 min. Then they
were analyzed under UV light (wavelength 300 nm)
with a “MiniBisPro” video documentation device
(Herolab). MYBPC3 gene c.91G>C DNA fragments

sizes after digestion with the restriction enzyme were:

homozygous genotype for the normal allele (G/G)
— 242 bp, heterozygous genotype (G/C) — 242, 179,
63 bp, homozygous genotype for the mutated allele
(C/C)—179 and 63 bp. (Fig. 1).

Data for retrospective analysis was collected at
the veterinary clinic. Information was collected from
patients who referred to the clinic for heart problems.
A medical history of the animals was collected during
the visit, including the conditions of animal keeping,
preventive measures, changes in behavior, general

Fig. 1. Analysis of the genotypes in the agarose gel.
A— G/G genotype; B — G/C genotype; C — 50 bp DNA
ruler (Thermo Fisher Scientific).

well-being of the animal. Patients underwent general
and specific tests.

Statistical Analysis

IBM SPSS Statistics software was used to interpret
the results. The frequencies of the obtained results
were calculated using the Descriptive statistics
FREQUENCIES function, averages with the
Compute variable MEAN function. The Descriptive
statistics Crosstabs CHI-SQUARE function was used
to calculate the significance between the different
variables. Results were considered significant, when
P < 0.05.

Results

Genotype frequencies were calculated separately
for the experimental (Maine Coon, n = 78) and
for the control group (various breeds, n = 52). The
calculated data show that in both cases the genotype
(G/G) leading to the absence of the mutation is more
common. However, comparing the frequencies of the
experimental group and the control group genotypes,
the frequency of the heterozygous genotype was
higher in the experimental group (Table 3).

Breed dependence on the mutation was assessed.
A heterozygous genotype was detected only in the
experimental (Main coon) group. A statistically
significant result was obtained (P = 0.0002, P < 0.05)
(Fig. 2).

Allele frequencies were calculated in the
experimental (Maine Coon), the control groups,
and for all tested individuals. In all groups, the most
frequently repeated allele was G, and in the control
group, it was the only detectable allele. Frequency
of the C allele was determined in the experimental
(0.115) and all individuals (0.07) group (Table 4).

Another relevant aspect of outcome evaluation is
the distribution of mutation by gender. Seventy-five
females were examined, which accounted for 57.7% of
all subjects, and 55 males, which accounted for 42.3%
of all studied subjects. Heterozygous genotype (G/C)
was identified for 18 cats: 14 females (78%) and 4
(22%) males. However, in the analysis of the data only
for cats of the Maine Coon breed, the percentage of
females with the heterozygous genotype was 24.56%,
and the number of males was 19%, respectively, based
on the number of individuals of each gender studied.

After collecting data at the veterinary clinic, it was
determined that 15 cats were diagnosed with HCM
in the three years period. It was observed that the
disease was diagnosed more often in male individuals:
13 males (frequency 0.867). Less frequently, the
disease was diagnosed for females (frequency 0.133).

The frequency of the age group at which HCM was
diagnosed was calculated. The most common disease
was diagnosed in the youngest cats’ group (frequency
0.467) (Table 5), and less often in the older cats’
group. The mean age of diagnosis with HCM was 4.8
years (Fig. 3).
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Table 3. Genotypes frequencies table

Frequencies of control
group genotypes

Frequencies of experimen-
tal group genotypes

G/G 0.769 G/G 1
G/C 0.231 G/C 0
c/C 0 c/C 0

Table 4. The frequencies table of alleles

Experimen- Control All tested
Allele S
tal group group individuals
G 0.885 1 0.93
C 0.115 0 0.07

Table 5. Age groups and frequency table

Discussion

Samples were collected from both males (55) and
females (75) belonging to Maine Coon and other
breed cats (Scottish Fold, British Shorthair, Siamese,
Devon Rex, Persian, Bengal and crossbreed). The
mutation (G/C genotype) was detected only in the
Maine Coon breed. The prevalence of the A31P
mutation was not determined in the other studied
breed cats. That makes 13.85% of all studied feline
population and 23.1% of the tested experimental
(Maine Coon) group. Breed dependence on the
mutation was assessed (P = 0.0002, P < 0.05). The
same results are also confirmed by other researches.
HCM is one of the most common diagnoses in cats,
and thus far only two genetic variants have been
reported to be associated with this disease (Ontiveros
etal., 2019). According to O’Donnell et al., the lack of
the MYBPC3 p.Ala31Pro and other mutation variants
in feline HCM population suggests that the clinical
utility of genetic testing is greatest in the specific cat
breeds in which these causative variants of HCM have
been identified (O’Donnell et al., 2021).

Compared with the results obtained by other
authors, a similarity is visible. Mary et al. identified
a breed dependence of the mutation. Of the 2744
Maine Coon cats tested, 41.5% had the A31P
mutation detected. However, in this study, a mutation
was also detected in one cat of the British Shorthair
breed (Mary et al., 2010). Godiksen et al. indicate
that the prevalence of HCM causing mutation in the
Maine Coon population is between 9.5% and 26.3%
(Godiksen et al., 2011).

When evaluating the distribution of the mutated
allele according to the gender of the studied cats,

Number of
Age group, years | individuals with Frequency
HCM
1-3 7 0.467
3-6 5 0.333
6-9 0 0
9-12 2 0.133
> 12 1 0.067
70
60
60
50
5 40
s
)
< 30
g
5
Z 18
20
10
0

Homozygous for a normal allele

M Experimental gr.

52

Heterozygous

M Control gr.

Fig. 2. Distribution of genotypes in experimental and control groups.
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Number of individuals with HCM
~

0 0
3 6 9

Age group (years)

Individuals
with HCM
4.8
s Mean age
2
1
12 >12

Fig. 3. The number of individuals diagnosed with HCM by age group and mean age.

only the experimental group was analyzed, since the
mutated allele was detected only in it. Females with
a heterozygous genotype accounted for 24.56%, and
males for 19%, respectively, of all tested representatives
of each gender.

After information analysis collected at the
veterinary clinic, it was observed that the disease
was diagnosed more frequently in males (frequency
0.867). This accounted for 87% of all samples. Less
frequently, the disease was diagnosed in females
(frequency 0.133).

According to Payne et al., the prevalence of the
disease is higher in males (62.6%) than in females,
suggesting that sex may be one of the predisposing
factors, leading to the manifestation of the mutation
(Payne et al., 2015). Analysis of Longeri et al.
research results also showed the incidence of the
disease by gender: HCM was found in 78.9% of
males and only 21.1% of females (Longeri et al.,
2013). According to Riesen et al., HCM is common
in both sexes equally, but males develop symptoms
earlier and often have a more severe form of the
disease (Riesen et al., 2007).

The age dependence of HCM was assessed by
analyzing data from veterinary clinic X. During a
three-year period, the disease was the most often
diagnosed in the youngest cats’ group, aged 1-3
years (46.7%), and slightly less in the middle age
cats’ group, aged 3—6 years (33.3%). The mean age at
which HCM was diagnosed was 4.8 years.

According to Payne et al., the prevalence of
the disease was found in 4.3% of young cats (6—12
months of age) and 29.4% of older cats (> 9 years).
However, it is thought that age may vary depending
on the breed. Maine Coon, Sphinx, British Shorthair

and Rag cats have a diagnosis of the disease ranging
from 5 months to 4.2 years. This is thought to have
led to a higher incidence of younger cats in the study.
According to Payne et al., the mean age of diagnosis
of HCM in the feline population is 6 years (Payne et
al., 2015).

Conclusions

The A31P mutation (c.91 G>C) was detected only
in the Maine Coon breed. Based on the data of the
study, it can be stated that the nucleotide substitution
of the MYBPC3 gene that determines HCM is
specific and prevalent only in cats of the Maine Coon
breed. However, no significant relationship between
the gender and the genotype of the mutated allele
was found. On purpose to select cats for prophylactic
testing to detect the disease at an early stage or to
reduce the incidence of the mutant allele causing the
disease, especially in the Maine Coon population,
it is most appropriate to perform molecular genetic
testing.

Additional information

All tests were performed in accordance with the
requirements of national and European Union legal
acts: Law of the Republic of Lithuania on the Care,
Keeping and Use of Animals No. VIII -500/1997;
and the European Convention for the protection of
vertebrate animals used for experimental and other
scientific purposes.
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Abstract. The objective was to investigate the effect of administering an additional dose of a PGF2a
analog concurrent with the second GnRH (GnRH2) and at artificial insemination in the QOvsynch
protocol on ovulation (OR) and pregnancy rates (PR) in Holstein lactating cows. Multiparous clini-
cally healthy cows (parity: 3=5 lactation and 50 £ 5 days in milk (DIM)) were randomly allocated
to three groups: Ovsynch (n = 23): GnRH (Alarelin acetate, 25 ug)-7 days- PGF2a (d-cloprostenol,
500 ug)-2 days-GnRH-16 to 18 h-FTAI plus 5 mL normal saline; OvsynchPG9 (n = 17): as Ovsynch
plus administering another dose of PGF2a concurrent with GnRH2; and OvsynchPG10 (n = 28): as
Owvsynch plus administering another dose of PGF2a at insemination. The ovaries of all selected animals
were scanned by transrectal ultrasonography on days 9, 10, and 11 after the initiation (day 0) of the
Owsynch protocol to record the incidence of ovulation. Pregnancy diagnosis was performed by transrec-
tal ultrasonography 50 £ 2 days after FTAL

The results showed that OR was greater in OusynchPG9 (82.3%) than that in OvsynchPG10
(81.8%) or Ovsynch (81.2%), although the difference was not significant (P = 0.8205). In addition,
PR/FTAI was greater in OvsynchPG9 (41.2%) than in Ovsynch (30.4%) and the difference was not
significant (P = 0.8288). In conclusion, it was found that administering an additional dose of a PGF2a

did not improve OR or PR in Ovsynch protocol in Holstein lactating cows.

Introduction

It has been evidenced that poor fertility in dairy
cattle is still a major concern for the dairy industry
all over the world and that both oestrus detection rate
and conception rate (CR) influence pregnancy rate
(PR) of dairy herds (Ambrose et al., 2015). Incorrect
oestrus detection is correlated to the profit loss
because of long intervals of calving, loss of milk yield,
and costs related to veterinary service (Roelofs et al.,
2010). During the past decades, new technologies,
particularly those related to animal reproduction, have
become very important in improving agricultural
production worldwide (B6 et al., 2002). The use of
fixed-time artificial insemination (FTAI) programs
such as the Ovsynch protocol can obviate the necessity
for oestrus detection and increase submission rates for
artificial insemination (AI) resulting in improvement
of overall PRs of herds (Ambrose et al.,, 2015).
Ovulation can be synchronized with the Ovsynch
program within an 8-h period from 24-32 h after
giving the second GnRH treatment, so that successful
Al can be performed at a fixed time without the need

Corresponding to Mojtaba Goli, Department of clinical science,
Faculty of Veterinary Medicine, Razi University, Kermanshah,
Sheykh Toussi Bo., Shohada Sq., Kermanshah, Iran.

Email: mojtabagoli@razi.ac.ir

for oestrus detection (Keskin et al., 2010). Based on
the experimental evidence (Liu et al., 2018), during
the last years, interest has been increased in expanding
new synchronization protocols with FTAI to enhance
reproductive efficiency in the dairy industry. However,
it has been indicated that ovulation synchrony
rates after the use of the Ovsynch program are not
absolute and range between 80% and 90%; therefore,
enhancement of ovulation synchrony following the
Ovsynch program may enhance the percentage of
pregnant cows (Peters & Pursley, 2002).

It has been revealed that prostaglandin is a
biologically very powerful material with several
applications for controlling reproduction (Pfeifer et
al., 2014). It has been reported that improvement
of sperm transport to the uterine tube occurred
after adding substances such as prostaglandin F2a
(PGF2a) to the semen or administering them to the
female animals. Therefore, administration of PGF2a
at the same time with Al could enhance pregnancy
probability due to induction of oxytocin secretion
which stimulates contractions of the uterus and
supports transport of semen (Sauls et al., 2018). The
most common uses of PGF2a in cattle are because
of its luteolytic effects, that is, synchronization of
oestrus, regression of luteal tissue, inducing abortion
and initiating parturition (Gabriel et al., 2011). It
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has been already reported that administering PGF2a
intramuscularly stimulates ovulation in prepubertal
heifers. More lately, intramuscular administration of
PGF2a has been used successfully to induce ovulation
in FTAI programs in beef and dairy cattle (Pfeifer et al.,
2018). In addition, experimental works in cows have
demonstrated that intrafollicular prostaglandin during
the periovulatory period is necessary for the process
of ovulation (Leonardi et al., 2012). Prostaglandin
F2a analog augments hypophysial responsiveness to
GnRH, thereby increasing LH secretion in a process
resulting in ovulation (Pfeifer et al., 2014). Randel
et al. (1996) reported that administering alfaprostol,
a PGF2a analog to anestrous cows resulted in
an increased frequency of LH secretion 6 h after
treatment. Additionally, prostaglandin F2a may act on
the hypothalamic—hypophysial axis and stimulate LH
release and promote ovarian cyclical activity (Weems
et al., 2006). Moreover, prostaglandin F2a seems to
have a local role in the ovary (Pfeifer et al., 2018).
It has been shown that prostaglandin that is secreted
by the preovulatory follicles is closely linked to the
ovulatory process. Moreover, as ovulation approaches,
secretion of PGF2a increases substantially in the
follicle; therefore, administering a pharmacologic
dose of PGF2a may quicken ovulation (Pfeifer et
al., 2014). In addition, intravenous, intramuscular
or intrauterine administration of PGF2a to domestic
livestock at Al in order to affect conception has been
a subject of frequent investigations since the early
1990s (Sauls et al., 2018). Therefore, the objective of
this study was to compare the effect of administering
an additional dose of a PGF2a analog, d-cloprostenol
sodium, at the second GnRH and at insemination on
ovulation and pregnancy rates in Holstein lactating
dairy cows synchronized with the Ovsynch protocol.

Materials and methods

E'thical approval

All the procedures of the present study were
approved (Approval ID: IR RAZI.REC.1400.059/07-
28-2021) by the Research Ethics Committee of Razi
University, Kermanshah, Iran.

Animals

The study was conducted on a commercial
dairy farm consisting of about 150 Holstein dairy
cows located near Kermanshah (with a hot-summer
Mediterranean climate (Csa); 34.4576° N, 46.6705°
E, altitude: 1,350 m above sea level, average annual
precipitation: 478.7 mm, average low and high
temperature: —1.7°C and 37.8°C in December and
July, and average low and high relative humidity:
23% and 75% in January and July, respectively), the
capital city of Kermanshah province, west of Iran
in summer, 2021. Cows were housed in barns with
open-air and sheltered areas, had free access to fresh
water, were fed a mixed diet that had been adjusted to
provide their physiological requirements and milked
three times daily with an average 8-hour interval and

average milk yield of approximately 27 kg/cow/day
during the study period. The diet consisted mainly
of wheat straw, corn silage, and hay as roughage,
and rice bran, soybean meal and, dried grounded
corn seeds as concentrates. The reproductive tract
and mammary glands of the cows were examined by
inspection and manual palpation for the evidence of
any clinical abnormalities 30 + 2 days after calving
and again 55 =5 days postpartum before initiation
of the experiment. Those cows that were clinically
normal were enrolled in the experiment. Body
condition scores (BCS) were determined for all cows
at the beginning of the study using a 5-point (1 =
thin to 5 = fat) scoring system and those cows with a
BCS between 3.25 to 3.50 were selected for the study.

Experimental design

The animals (55 £ 5 days in milk; multiparous)
regardless of being observed in oestrus before were
randomly allocated to one of the study groups
according to their even or odd ear tag numbers and
parity, so that an approximately identical distribution
of parity occurred in the groups, as follows: Ovsynch
(n = 23):cows received 25 pg of a GnRH analog (5 mL
of Alarelin acetate, Vetaroline®, 5 pg luliberin A/mlL,
Abureyhan pharmaceutical Co., Tehran, Iran) on Day
0, 500 pg of d-cloprostenol sodium analog (2 mL of
D-Cloprostenol sodium, D-Clo PG®, 250 ug/mL,
Royan darou Co., Veterinary Division, Semnan, Iran)
on Day 7, and another 25 ug of the GnRH analog plus
5 mL of normal saline solution on Day 9. The cows
were inseminated 18 h after the second dose of GnRH
and were administered another dose of normal saline
at FTAI; OvsynchPG9 (n = 17): as Ovsynch, except
that an additional dose of PGF2a was administered
concurrent with the second GnRH instead of normal
saline; OvsynchPG10 (n = 28): as Ovsynch, except
that an additional dose of PGF2a was administered
at FTAI All treatments were given intramuscularly.
Those cows that exhibited oestrus signs before the
FTALI as well as those that were culled or were treated
because of problems such as mastitis, lameness, etc.,
were excluded from the study. The data of those cows
that were not observed in heat until approximately 24
h before FTAI and were inseminated approximately 18
hours after administering the second dose of GnRH
were used for the analysis. All cows were inseminated
by the same technician with proven commercial
frozen-thawed semen from a single bull.

Owarian ultrasonography

The ovaries of all selected animals were examined
by transrectal ultrasound scanning with a 7.5 MHz
transducer (ULTRASONIC SCANNER, MODEL:
HS-1500V, SN: 70610484, HONDA ELECTRONIC
CO. LTD 20 OYAMAZUKA OIWA-CHO,
TOYOHASHI, AICHI, JAPAN) on days 9, 10, and
11 after the beginning of the Ovsynch protocol (day
0) in order to record the occurrence of ovulation. The
disappearance (from one session of scanning to the
next) of a follicle with 8 mm in diameter or greater
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that had been identified in the previous scanning
session was defined as ovulation (Pfeifer et al., 2018).
Ovulation rate (OR) was defined as the number of the
cows in a group that ovulated until day 11, divided
by the total number of the animals, in which ovaries
were scanned by ultrasound in the corresponding
group x 100.

Pregnancy diagnosis

Pregnancy diagnosis was performed in all animals
by transrectal ultrasound examination of the uterine
horns 50 =2 days after FTAI. Those cows that
returned to oestrus before pregnancy diagnosis
were recorded as non-pregnant. Pregnancy rate per
insemination (PR/FTAI) was defined as the number
of cows in a group that were confirmed pregnant on
days 50 + 2 after FTAI out of the total number of
cows in the corresponding group x 100.

Statistical analysis

Data were analyzed using SAS® software (Statistical
Analysis System, Release 9.4. Cary, NC, USA: SAS
Inst. Inc.). The analyses were performed in two steps
including ORs and PRs to FTAI (PRs/FTAI) by
Logistic Regression method using Proc Genmod for
determining the probability of significant differences
among the groups. X2 square statistics was used to
determine the degree of difference between the
groups. The level of significance was set at P < 0.05.

The effects of the average milk production during
the study period, BCS and parity on OR and PR were
statistically analyzed by Logistic Regression method
using Proc Genmod.

Results

The average milk yield, BCS and parity showed no
significant interaction.

Owoulation rate

The incidence of ovulation and the number of
animals that ovulated between days 9 and 11 after
the beginning of the Ovsynch protocol are presented
in Table 1. Although the incidence of ovulation in
OvsynchPGY group (82.3%) was numerically greater
than those in Ovsynch and OvsynchPG10 groups
(81.2% and 81.8%, respectively), the differences were
not significant (P = 0.8205).

Pregnancy rate

PRs to FTAI in the study groups are presented

in Table 1. Although PR/FTAI in OvsynchPG9
group (41.2%) was higher than those in Ovsynch
(30.4%) and OvsynchPG10 (35.7%) groups, and the
differences were not significant (P = 0.8288).

Discussion

According to the results of the present study,
there was no significant effect of parity, BCS, and
milk yield of the cows on the PR. In a previous
study, Momcilovic et al. (1998) reported no effect of
BCS and number of lactation on pregnancy rate in
dairy cows synchronized with GnRH and/or PGF2a
for oestrus and ovulation, which is in agreement
with the finding of the present study. In addition,
in agreement with the finding of the present study,
the results of a recent research (Chenault et al.,
2014) have demonstrated that dam parity had no
significant effect on pregnancy to FTAI in dairy cows
that underwent synchronization of ovulation and
FTAL Lajili et al. (1991) also reported no significant
effect of parity and milk yield on the conception rate.
Moreover, the findings of the present study revealed
that parity and milk yield had no significant effect on
OR. In agreement with this finding, a more recent
research (Liu et al., 2018) has reported that parity had
no effect on OR. By contrast, Giimen and Seguin
(2003) reported that parity influenced ovulation after
administration of GnRH, because it was demonstrated
that ovulation was much less likely to occur in first
parity cows.

According to the results of the present study,
administering an additional dose of PGF2a concurrent
with the second GnRH and at insemination in
Ovsynch does not improve OR significantly in
lactating dairy cows synchronized with the Ovsynch
protocol compared with those that did not receive the
additional dose of PGF2a. In agreement with these
findings, Sauls et al. (2018) reported that following
administration of PGF2a at FTAI, an average
ovulation risk was higher than 90% in lactating dairy
cows, but did not differ between treatments. Pfeifer
et al. (2018) reported no difference in the proportion
of cows ovulating between cows that received an
extra dose of d-cloprostenol and those that did not
receive it. Contrary to these findings, Lopez-Gatius et
al. (2004) reported that a single injection of PGF2a

Table 1. Ovulation and pregnancy rates at insemination in Holstein lactating dairy cows synchronized with the Ovsynch
protocol with or without an additional dose of PGF2a.

Variables Ovsynchl OvsynchPG92 OvsynchPG103 P-value
OR (%)* 13/16 (81.2)" 14/17 (82.3) 9/11 (81.8)" 0.8205
PR/FTAT (%)** 7/23 (30.4) 7/17 (41.2) 10/28 (35.7)" 0.8288

“OR: ovulation rate; ~ PR/FTALI: pregnancy rate to fixed-time artificial insemination.

' Ovsynch protocol (GnRH-7 days-PGF2a-2 days-GnRH-18 hours-FTAI);
2OvsynchPG9: GnRH-7 days-PGF2a-2 days-GnRH+PGF2a-18 hours-FTAI,
*OvsynchPG10: GnRH-7 days-PGF2a-2 days-GnRH-18 hours-FTAI+ PGF2a;

*Means with different superscripts in the same row are significantly different (P < 0.05).

Veterinarija ir Zootechnika 2022;80(2)



46 Youssef Assadi, Mojtaba Goli, Saheb Foroutanifar

intravenously at the time of Al increased OR in dairy
COws.

Fricke et al. (1998) reported that the incidence
of ovulation after injection of the second GnRH was
84% when Ovsynch was initiated at various stages
of the estrous cycle. In another study (Vasconcelos
et al., 1999), it was reported that the incidence of
ovulation induced by the second GnRH was 81% to
94% and that the total mean synchronization rate was
87%. Yilmazbas-Mecitoglu et al. (2014) found an
84.5% OR in dairy cows after the second GnRH of
the traditional Ovsynch protocol. In a study by Liu
et al. (2018), 93.3% of ovulations were successfully
induced by GnRH mainly within 36 h of injection in
dairy cows synchronized with a modified Ovsynch
protocol, in which two low doses of PGF2o were
given on days 7 and 8 of the protocol. In the present
study, the Ovsynch protocol was initiated at random
stages of the oestrus cycle and ultrasonic scanning
of the ovaries was performed three times with a 24 h
interval beginning at the time of administration
of the second dose of GnRH. The results showed
81.2% ovulation within 48 h after administration of
the second dose of GnRH in the Ovsynch group,
which did not differ significantly with those in the
OvsynchPG9 or OvsynchPG10 groups (82.3% and
81.8%, respectively), in which the animals received an
additional dose of PGF2a concurrent with the second
dose of GnRH or at FTAI, respectively.

According to Pfeifer et al. (2014), for achieving
excellent fertility to FTAI, synchronous ovulations
must happen (within a few hours) in most of the
treated cows, with the least number of failures. It has
been shown that exogenous PGF2a can be successfully
used as an ovulatory stimulus for FTAI in parous and
nulliparous cows (Pfeifer et al., 2014). Ovulation may
be successfully induced and synchronized by PGF2a
similar to treatments with estradiol benzoate or
estradiol cypionate (Sauls et al., 2018). Prostaglandins
can increase the response to GnRH (Pfeifer et al.,
2014). However, the ovulation process is influenced
by many factors such as the environment and diet
(Sauls et al., 2018).

The results of the present study showed no
significant difference in PR to FTAI between the
treatment groups, although the low number of
animals in each group was a limitation of the study.
Conflicting results have been reported regarding
the effect of administering PGF2a or its analog at
the time of Al on PRs. Some studies (Lépez-Gatius
et al.,, 2004; Neglia et al., 2008) have reported
improved PRs after administration of PGF2a at the
time of insemination, but some others (Archbald et
al., 1992; Kauffold et al., 2009; Gabriel et al., 2011;
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Abstract. Our study was aimed to evaluate the effect of vitrification on canine sperm parameters
using a coconut water extender with an addition of egg yolk as a cryoprotectant. Semen collection was
done separately by manual stimulation from twelve healthy adult dogs. Only the second fraction of
the ejaculate was used in this study, which was evaluated for volume, concentration, vitality, total and
progressive motility, kinetic parameters and morphology. Semen was diluted with a coconut water ex-
tender (50% (v/v) coconut water, 25% (v/v) distilled water and 25% (v/v) 5% anhydrous monosodium
citrate solution) with an addition of 20% (v/v) egg yolk and fructose at 1% until final concentration of
100 x 10° spermatozoa/mL. After equilibration at 5°C for 60 minutes, semen was vitrified by the
“direct dropping method” into liquid nitrogen in spheres with a volume of 30 uL. After a week of stor-
age, the spheres were warmed as three of them were dropped into 0.5 mL of CaniPlus AI (Minitiib,
Germany) at 42°C for 2 minutes and evaluated about the same parameters. The results showed that
vitrification produced a statistically lower percentage of vital sperms, normal morphology and total
motility (P < 0.05), but progressive motility and most of velocity parameters (VCL, VSL, VAP, LIN,
ALH and BCF) did not differ (P > 0.05) compared to fresh semen samples. In conclusion, our results
demonstrate that vitrification with a coconut water extender with an addition of 20% egg yolk as a
cryoprotectant affects the quality of canine sperms, but may be useful as a successful alternative to
conventional cryopreservation. Further research on the spermatozoa vitrification technique on enhance-

ment in cooling and warming should be conducted and investigated.

Introduction

In recent years, there has been a demand on
research for different methods for canine semen
preservation. There have been many trials based
on type of preservation, various component exten-
ders, equilibration and warming procedures. Cryo-
preservation of spermatozoa is a method for assisted
reproductive biotechnology, useful for extending their
lifespan and viability, which increases reproductive
capacity of male organisms (Gharajelar, 2016).
Conventional cryopreservation uses a slow-gradual
freezing method and has moderately poor post-thawed
semen quality. Vitrification, on the other hand, uses
an ultra-rapid freezing method for solidifying liquid
into the glassy state by direct immersion into liquid
nitrogen (LN,) without ice crystallization. The
method is widely used for embryo, oocyte or tissue
storage (Isachenko, 2004; Rosato, 2013), and during
the last decade, it has been successfully performed in
different mammalian species as an option for sperm
preservation; however, in dogs, there have been fewer
investigations until now (Sanchez, 2011; Kim, 2012;
Gharajelar, 2016; Caturla-Sanchez, 2018; Pipan, 2020;
Galarza, 2021; Antonov & Ivanova, 2022). As a novel
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method, sperm vitrification protocols still require
improvement and standardization for increasing post
thaw sperm survival.

During the semen cryopreservation process, a cold
shock phenomenon may occur, which can reduce the
spermatozoa motility and viability (Enciso, 2006).
Thus, the addition of cryoprotectants is mandatory
to minimalize cryodamage of the spermatozoa. Most
often glycerol is added to the extenders as a permeable
cryoprotectant, which prevents intracellular ice
crystals formation, but it has proven to be toxic for
the cells (Curry, 2000; Holt, 2000). Egg yolk as a
non-permeable cryoprotector, is also widely used
in conventional semen cryopreservation. Since its
discovery as a component of a cooling extender,
egg yolk has been widely used in mammalian sperm
cryopreservation to protect sperm from initial cold
shock (Layek, 2016; Abdel-Aziz, 2019). Moreover,
many studies have verified the benefits of egg yolk-
based extenders for canine semen cryopreservation
(Martinez-Rodriguez, 2020; Bencharif, 2020).
Egg vyolk contains LDLs, which can prevent
cholesterol efflux and lower tyrosine-containing
protein phosphorylation, thereby inhibiting sperm
capacitation (Mahiddine & Kim, 2021). The addition
of egg yolk greatly increases the viscosity of the
solution, which prevents water precipitation and for-
mation of intracellular and extracellular ice crystals
(Isachenko, 2011). In the literature, there are limited

Veterinarija ir Zootechnika 2022;80(2)



Effect of Vitrification on Canine Sperm Parameters Using Coconut Water Extender and Egg Yolk as Cryoprotectant 49

data about the possible potential of egg yolk to
preserve important physiological parameters of canine
sperms during ultra-rapid cryopreservation.

Many researchers have focused on using anti-
oxidants as preservatives in extenders to reduce the
negative effect of oxidative stress on semen and to
protect spermatological indices. A great number of
studies have documented that adding antioxidants
to the extender could be beneficial in preserving the
sperm parameters after thawing in animals such as
canines (Neagu, 2010; Lucio, 2016; Caturla-Sanchez,
2018). A viable alternative extender is the green
coconut water based one. Coconut water as a whole
seems to be suitable for a canine semen extender due
to isotonic, not toxic, cheap, effective, and simple
to use properties (Cardoso, 2003). It is a natural
buffer and contains essential constituents with high
antioxidant properties (Silva, 2009; Mantena, 2003;
Cardoso, 2003, 2006).

The purpose of the current study was to evaluate
the effect of vitrification on canine semen parameters
using a green coconut water based extender with
the addition of egg yolk and performing a simple
cryopreservation method which can be applied for
routine clinical use.

Materials and Methods

Experimental animals and initial semen quality

Twelve privately owned, clinically healthy male
dogs, aged between 3 and- 6 years, were included
in this study. They were presented at the University
Veterinary Hospital of the Faculty of Veterinary
medicine, Trakia university, Stara Zagora, Bulgaria.
Semen samples from these dogs were previously
conventionally cryopreserved and found to be with
good cryotolerance. The experiment was conducted
according to the recommendations of the Local
Animal Ethics Committee and regulation for human
attitude and animal protection. Dog owners were
informed about the procedures and signed a written
consent before semen collection. Inclusion criteria
were that the ejaculates should have > 70% motile
spermatozoa and > 70% morphologically normal sper-
matozoa.

Semen collection and evaluation

Semen was collected separately by digital
manipulation into a pre-warmed sterile plastic vial.
The procedure was performed by the same operator
to eliminate variation due to the different collection
technique and in the presence of a teaser bitch to
provide stimulation. Only the second ejaculation
fraction was used in the study, and immediately after
collection, the vial was transferred to the laboratory
for the preliminary analysis. Semen was evaluated for
volume, concentration, vitality, kinematic parameters
and morphology.

A pre-warmed graduated glass pipette was used to
measure the semen volume.

Sperm concentration and velocity were analyzed

by CASA System Sperm Class Analyser (SCA)
(Microptic, S.L., Barcelona, Spain) with software
analytical module Motility and Concentration, using
a Makler counting chamber with volume of 10 uL
samples. The CASA parameters were adjusted to
accommodate canine semen according to protocols
already in place. Examination was performed on
a minimum of 30 optic fields. The assessed CASA
parameters were: sperm concentration (x 10°/mL),
total motility (TM, %), progressive motility (PM, %),
VCL (curvilinear velocity, um/s), VAP (average path
velocity, nm/s), VSL (straight line velocity, pm/s),
LIN (linearity, %), STR (straightness rate, %), ALH
(lateral head displacement amplitude, um) and BCF
(beat cross frequency, Hz).

Sperm morphology was evaluated by Sperm Class
Analyser (SCA) (Microptic, S.L., Barcelona, Spain)
with software analytical module Morphology. Smeared
10 puL semen samples were prepared on a clear glass
slide and stained with SpermBlue (Microptic, Spain)
for 2 minutes. The slide was analyzed by SCA with a
minimum of 50 optic fields.

The sperm vitality was assessed by smearing on
a slide a mixture of a 5 pL semen sample and 5 uL
eosin-nigrosine stain. A minimum of 200 sperm
cells were counted under a light microscope and oil
immersion, magnified by 400x. Spermatozoa stained
pink or red were identified as non- vital, and those
unstained remaining white - as vital.

Extender preparation and semen dilution

After the initial processing, the second fraction
was diluted with a green coconut water based
extender until final concentration of 100 x 10°/mL.
Base vitrification media (BVM) was first prepared
using 50% (v/v) coconut water, 25% (v/v) distilled
water and 25% (v/v) solution of 5% anhydrous
monosodium citrate. The extender consisted of
BVM with an addition of 20% (v/v) egg yolk and 1%
fructose. The extended semen was then equilibrated
at 5°C for 1 hour.

Vitrifeation and thawing

The vitrification technique was performed
according the description of Shah (2019) for human
sperm. Sperm samples of 30 uL were dropped with
micropipette from a 10 cm height upon a stainless steel
strainer, which was previously placed into a styrofoam
box and submerged in liquid nitrogen (LN,). After
solidification, the sperm pellets were transferred into
pre-cooled cryotubes and placed in liquid nitrogen
for a week.

The thawing process consisted of adding three
sperm pellets to 0.5 mL of CaniPlus AI (Minitub,
Germany) that had been pre-warmed in a water
bath at 42°C for 2 minutes and then transferred at
37°C. After warming, the sperm parameters were
immediately evaluated as described above.

Statistical analysis

The results were processed by statistical program
Statistica version 7.0 (Stat-Soft., 1984-2000 Inc.,
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Tulsa, OK, USA). All data are presented as mean
+ standard deviation (SD) and were analyzed using
ANOVA for repeated measures and compared using
the Tukey’s test. Value for P < 0.05 was considered
significant.

Results

The volume of the second semen fraction was
0.95 + 0.27 mL and the concentration was- 973 *
175.04x10° spermatozoa/mL. The other evaluated
parameters and the effect of vitrification on canine
semen using the coconut water extender with the
addition of egg yolk are presented in Table 1.

Fresh semen samples showed significantly hig-
her (P < 0.05) vitality than those which were vitri-
fied. A similar tendency was observed in total
motility. Progressive motility was also improved by
the vitrification process, but the levels were not signi-
ficantly different (P > 0.05) with the fresh semen
samples. After vitrification, there were also changes
in most of the sperm velocity parameters; however,
they were not significantly different (P > 0.05) than
the fresh samples before cryopreservation.

The evaluation of sperm morphology showed
significant variations (P < 0.05) between the fresh and
vitrified samples. The major alterations found after
vitrification were a detached head, a coiled and bent
tail.

Discussion and Conclusion

In recent years, there has been a demand for
research focused on canine sperm cryopreservation in
order to increase the reproductive capacity of stud dogs.
Conventional freezing methods usually result in high
percent sperm mortality and morphological damage
(Falah, 2020). However, cryopreservation by direct
plunging of cells into liquid nitrogen (vitrification)
has its own unique characteristics. The decisive factor
in successful cryopreservation is avoiding intracellular
crystallization, which is incompatible with living
systems. A “popular” point of view holds that vitri-
fication is the solidification without formation of
hexagonal (big, lethal) intracellular crystals by
extreme increase in viscosity during cooling (Merino,
2011).

Extenders tend to be extremely important
for successful cryopreservation and choosing the

proper one is an important part of semen processing
(Peterson, 2007; Ogbu, 2014). A lot of commercial
extenders for dog semen preservation, which consist
of different chemical combinations, are available, but
most of them could be replaced using alternative
sources, including such as those of animal or plant
origin (Bustani & Baiee, 2021). Our choice to use
a coconut water based extender relies on the cheap,
easy to find ingredient, which is also an excellent
antioxidant and is in accordance with the “green
trend” of recent years. The quality of preserved
canine semen after devitrification in the present study
exceeded any previously reported results (Sanchez,
2011; Kim, 2012; Gharajelar, 2016; Caturla-Sanchez,
2018; Pipan, 2020; Galarza, 2021; Antonov & Ivanova,
2022).

According to Gharajelar (2016), egg yolk is a
common part of semen diluents with a protective effect
on spermatozoa against cold shock during freezing
and thawing, which also acts as an energy source and
protectant at the level of the cell membrane (Sanchez,
2011). In the scientific literature, the best canine sperm
vitality and total motility reported after vitrification
were with a TRIS based extender (Pipan, 2020), and
a previous study of our team using a coconut water
extender, which showed even better results (Antonov
& Ivanova, 2022). In both investigations, the extenders
contained 1% soy lecithin and 0.25M sucrose as cryo-
protectants. In the present investigation, we replaced
them with egg yolk and found improved quality of
preserved semen after devitrification, so it might be
concluded that it can effectively preserve important
physiological parameters of canine sperm during
ultra-rapid cryopreservation.

Motility is one of the most important features of
a fertile spermatozoa (Partyka, 2012). In previously
reported results for conventional freezing, wide
variability is observed, with studies reporting sperm
motility ranging between 33% (Pefia, 1998) and
70% (Strom, 1997). Concannon and Battista (1989)
suggest that 30-50% sperm motility in frozen semen
is considered acceptable and motility above 50% is
ideal for artificial insemination with canine frozen
semen. Our result showed that despite the significant
difference in total motility between the fresh and
vitrified sample, the mean average percent of sperm
motility after devitrification is above mentioned

Table 1. Parameters of fresh and vitrified canine semen samples (n = 12) using the coconut water extender

Vitality, mﬁ’itl?tly P;‘l)%trﬁisf;’e VCL, | VSL, | VAP, | LIN, | STR, | ALH, | BCF, mofg}rl‘;“lilgy
% % ’ % T um/s um/s um/s % % um Hz % ’
Fresh | 9445+ | 87.76 = | 5211+ [191.1+|129.2+ |146.3 +|68.50 + [88.93 | 5.11 + |25.1+| 84.08 +
semen | 1.59 1.94 2.89 26.60 | 16.60 | 15.10 | 836 | 4.31 | 0.71 | 3.60 5.56
Vitri- | 67.22+ | 58.13+ | 48.98+ |[179.4+|123.8+ |144.3+|67.97 + [87.01 +[5.01 + |21.1+| 73.67+
fied | 4.02a | 5.6la 1.59 173 | 197 | 133 | 554 |357a| 089 | 238 6.11a
semen

Data are expressed as mean = SD. The values in a row marked with a superscript differ at P < 0.05.
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levels and thus can be successfully used for artificial
insemination.

In our research we found that there were no
significant differences (P > 0.05) between the velocity
parameters (VAP, VSL, VCL) and BCF of fresh
and vitrified samples, which is in agreement with
previously reported results of our team (Antonov &
Ivanova, 2022). Their evaluation is the most useful
method for comparing semen from fertile and
infertile dogs (Domoslawska, 2013), because they are
important for the progression of sperms into cervical
mucus and penetration of zona pellucida of oocytes
(Verstegen, 2002). According to the reported results,
sperm vitrification yields a high survival rate of fertile
canine spermatozoa after warming.

Our study demonstrates that canine sperm vitri-
fication in a coconut water extender with an addition
of 20% egg yolk could be successful for routine clinical
use as alternative to conventional cryopreservation.
This ultra-rapid freezing method is a much faster,
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Abstract. The aim of this study was to make a new teat dip formula containing lactic acid and
evaluate its stability and antibacterial activity by physico-chemical and microbiological tests.

After selecting the concentrations of the thickener xanthan gum (0.67%) and lactic acid (6.3%),
a teat dip solution was composed, which contains teat skin saving components: glycerol, sorbitol, oat
and calendula extracts. According to the recipe, a teat dip solution of orange colour, homogeneous
appearance, and a specific lactic acid smell was composed, the viscosity of which was 930—940 mPa*s.,
pH 2.7. Product physical, chemical properties and stability for 24 months were confirmed by real-
time and accelerated stability studies. The teat dip solution remains homogenous, orange colour with
a typical lactic acid smell, and did not become cloudy or flaky after 24 months following production.
Viscosity reduction was determined after 6 months 33 mPa*s, i.e. it was 3.4%, while after 24 months,
it was 12.7%. The measured pH value remains stable between 2.6 and 2.8 (P > 0.05). An antimicrobial
study was performed according to EN 1656 by 80%, 50% and 10% concentrations with reference
Staphylococcus aureus, Streptococcus uberis and Escherichia coli strains. The teat dip solution showed
bactericidal efficiency (log R > 5) against S. uberis and E. coli reference strains. An antimicrobial effect
to S. aureus was insufficient and the product was not effective against this bacteria. Teat dip at 10% did
not show an antimicrobial effect to all tested strains.

According to these data, the new model teat dip solution containing lactic acid, teat skin saving
substance and thickener xanthan gum retains unchanged physical parameters and shows bactericidal
activity against the reference E. coli and S. uberis strains.

Introduction

The bacterial colonization on teat skin is an
important source for intramammary infection (Hassan
et al., 2016). Good sanitation practices can reduce the
number of bacteria on teat skin and improve the milk
quality, especially the pre-milking and post-milking
teat dip (Kucevic et al., 2013). Teat disinfection is an
important step in the control of mastitis within a dairy
herd (Breen, 2019; Fitzpatrik et al., 2021). Depending
on the hygiene and sanitary condition of the farm
and the method of udder preparation, bacterial
contamination of raw milk can decrease by 90%, and
the cases of mastitis by 50-75%. Many studies have
shown that well-performed teat hygiene reduces the
spread of microorganisms that cause inflammation of
the mammary gland, and the quality of milk improves.
Various sprays, cleaners and teat dip solutions are
used today for this purpose. The most widely used
procedure is teat dipping. Post-milking dip solutions
must have antimicrobial activity, cover the teat surface
well and stay on it, moisturize without skin irritation
(Oliver & Murinda, 2012; MiSeikiené et al., 2015).
Therefore, products intended for cow udder and teat
antiseptic — biocides — must contain a bactericidal,
disinfecting substance, skin-protecting components

Correspondence to Modestas Kybartas, Microbiology and
Virology Institute of Lithuanian University of Health Sciences.
E-mail: kmodestas@yahoo.com

and a thickener — a viscosity-forming substance. The
following active substances can be found in veterinary
biocides: chlorhexidine, iodine and its compounds,
lactic acid, peracetic acid, hydrogen peroxide, and
natural polymers guar or xanthan gum are used as
thickening components (Nickerson, 2001; Fitzpatrick
& Garvey, 2019; Chotigarpa & Lampang, 2019). There
are certain requirements for teat dip solutions which
are intended for the disinfection of cow udders. One of
the most important is the viscosity. After applying this
product to the nipple skin, a continuous film should
be formed; its purpose is the nipple canal protection
from the entry of infectious microorganisms (Garvey
& Curran, 2016). The viscosity of solutions can be
adjusted by selecting different types of thickeners, so
natural thickeners are more common in veterinary
medicine pharmacy as well as food industry (Alves,
2020).

Teat dip solutions must contain a disinfectant that
does not harm the animal or veterinary and husbandry
staff. Lactic acid is widely used in veterinary medicine
because it is active against gram-positive and gram-
negative bacteria and is not a toxic or dangerous
substance. Teat dip solutions based on lactic acid are
less harmful to the animal’s skin. According to some
studies, teat dip solutions which contain 5% lactic
acid have noticeable antimicrobial activity against F.
coli. The previous results have shown that the lactic
acid inhibited the growth of other Gram-negative
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bacteria such as Shigella sp., Salmonella Enteritidis,
and Listeria monocytogenes at 0.5% (In et al., 2013;
Wang et al., 2015). Fitzpatrick et al. (2021) also
say that, for streptococcal isolates, the product (5%
w/w lactic acid) resulted in the numerically largest
bacterial reduction of 70.1%.

An important feature of veterinary biocides is
that the stability of the solution formula should
stay throughout the product’s shelf life (European
chemicals agency, Guidance on the Biocidal Products
Regulation). It means that the teat dip solution should
retain stability of physical, chemical properties and
show no changes of active substance. Lack of stability
leads to diminishing antimicrobial properties.

The aim of this study was to create a new formula
teat dip and antimicrobial efficacy and stability
evaluation of the new model teat dip solution by
physico-chemical and microbiological tests.

Materials and methods

The investigation was carried out in the Institute
of Microbiology and Virology (LUHS) and Good
Laboratory Practice laboratory (Vimodrone, Italy).
A solution formula was developed by selecting and
changing the concentration of xanthan gum and dyes
so that teat dip properly covered the teat skin, persisted

on the teat a required time and properly coloured
the teat skin after dipping. The teat dip solution
with lactic acid was produced using pharmacological
substances (see Table 1 for composition) according to
the technology where dry plant extracts and dyes are
dissolved in a portion of purified water and filtered.
The filtrate is mixed with sorbitol and glycerine
compound and stirred until the solution becomes
clear completely. Xanthan gum with the rest of the
purified water is added with intensive mixing, and the
suspension is homogenized to uniform consistency
by a homogenizer (IKA T25 Ultra Turrax). Lactic
acid (active substance) is added, and the solution
is mixed again with the help of a laboratory mixer
(IKA Eurostar 20 digital) to a homogeneous mass.
This product is left in a sealed container and, after 24
hours, physico-chemical parameters are determined.
The stability testing was carried out according to the
guidelines on stability testing of cosmetic products
(Colipa, 2004) and guidelines for assessing shelf
life using real-time and accelerated stability tests
(Magari, 2003). In the real-time study, the product
was stored under recommended conditions, and
changes of product properties were observed during
time intervals (after 24 hours, 6 months, 12 months,
and 24 months). When testing the teat dip in an
accelerated way, it was placed in stressful conditions:

Table 1. The new model teat dip solution composition (100 g of the final product)

Pharmacolgglcal composition/ Producer CAS Molecular mass Compound, Notes
Chemical compound Number g
L-(+)-lactic acid C,H,O, . )
Also indicated as 1-(+)-2- ?ﬁraﬁf Btilodllerr(li, 79-33-4 M = 90 g/mol 6.3 P% Zq]ys;mfntt
hydroxypropanoic acid e Netherlands and disinfectan
Xanthan gum C,H, O, (monomer) Fra(rjllc)eK;IrCa?lce 11138-66-2 M ;/35011'21 0.67 Thickener
Dye CI 15985 Disodium 6-Hydroxy- | Neelikon Food M — 45237
5-[(4-Sulphonatophenyl)Azo|Naph- | Dyes & Chemi-| 2783-94-0 _/m 1' 0.03 Dye
thalene-2-Sulphonate cals Ltd, India g/mo
The extract is
S the mixture Antioxidant and
Calendula ofﬁ:mall.s dry extract Gonmisol, Spain| 84776-23-8 of different 0.03 anti-inflamma-
(Extract Ratio 5:1)
substances (no tory effect
molecular mass)
The extract is
; . the mixture Antioxidant,
Avena sativa dr.y extract nVH Italia stl, 84012-26-0 of different 0.02 moisturizing
(Extract Ratio 4:1) Italy
substances (no effect
molecular mass)
Aarhus Kars- M = 92 ¢/mol
Glycerol 1,2,3-propantriol, C,H(OH),| hams Sweden 56- 81-5 e (? 9.00 Skin emollient
AB, Sweden Purity — 100%
Cargill
Sorbitol H(CHOH) H Deé:;ihéa“d 50-70-4 | M ; /rlfozl'” 1.00 Moisturizer
Germany
Water, H,0 7732-18-5 | M= 1801 Upto 100 | by oy
g/mol final product
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higher temperature, more intense freezing-heating
cycle. The accelerated stability test program was
carried out after 24 hours of manufacture, and after
2 months. Tests evaluate chemical, physical stability
and sensory properties: colour, smell, homogeneity.

Samples of the developed teat dip containing lactic
acid were used for further stability studies. Samples
were selected and taken in accordance with LST EN
ISO 9001 (Quality Management System) and LST
EN ISO 227716 (Good Manufacturing Practices for
Cosmetic Products) standards. Viscosity was measured
at 20°C with a rotary (NDJ-1, COMECTA SA)
viscometer. The pH measurement was carried out by a
standard potentiometric test method with a laboratory
pH-meter (InoLab pH 7310). Homogeneity, smell,
and colour were determined by a visual method in
the Light Cabinet (Byko-Spectra basic).

The microbiological examination was carried
out according to MP-S_SVP-6:2020 (Edition I) and
the European Pharmacopoeia (7th edition, 2.6.12).
Bacteria colonies were counted on Mueller-Hinton
Agar II, (BBL, Cockeysville, USA) after incubation
at 35°C for 24 hours in aerobic conditions. The total
number of aerobic microorganisms CFU/g in the
test sample was calculated according to the formula
and the final result was given as the number of
microorganisms (CFU)/g: N = C/V x 1.1 x d, kr:
>'C is the sum of the colonies counted in the two
evaluated plates from two serial (one by one) dilutions.

Bactericidal activity of the teat dip containing
lactic acid was determined according to the standard
EN: 1656/2010/AC: 2011 at Good Laboratory
Practice laboratory (Vimodrone, Italy). Briefly: 80%,
50%, and 10% concentration teat dip was tested on
S. aureus ATCC 6538, S. uberis ATCC 19436, E. coli
ATCC 10536. Test conditions: temperature 30 = 1°C.
Exposure time: 5 min. The nutrient medium Tryptone
Soya Agar (TSA) was used in these tests. The indicator
of biocide activity against the microorganisms used
in the study is expressed as a logarithm. A teat dip
solution is considered as bactericidal active if the
logarithm value obtained during the test exceeds 5,
ie.log R > 5.

The final product was tested for contamination of
S. aureus, P. aeruginosa and C. albicans.

Statistical analysis. Obtained research results were
statistically processed using statistical data analysis
packages: SPSS 19.0, Microsoft Office Excel 2007.
Statistically reliable differences in arithmetic means
when P < 0.05 between two groups were determined.

Results

The manufacturer’s specification for xanthan
gum as a thickener has a wide concentration range
from 0.5% to 2.5%. According to the limits set by
the supplier, the tests were started from the lowest
concentration, and it was increased until the required
viscosity value was reached and the minimum amount
of the thickener was used.

Thus, the determination of the xanthan gum
composition started from the lowest amounts, and
during the tests, the amount of xanthan gum was
increased to 0.67%. We found that this concentration
of a thickener was sufficient for the product to meet
the viscosity requirements. After laboratory tests,
the final teat dip solution viscosity was set to 930—
940 mPa*s. After a series of tests, according to the
recipes (Table 1), a teat dip solution of orange colour,
homogeneous appearance, specific lactic acid smell
and pH 2.7 was created. Quality assurance tests were
made for possible variation of pH, viscosity, sensory
properties (colour, odour and homogeneity) and
microbiological parameters.

The tested teat dip solution remained homogeneous
throughout the whole stability testing period, bright
orange in colour, characteristic of a lactic acid smell.
It did not become cloudy, and did not fade after 6, 12,
and 24 months after production (Table 2). Changes in
the teat dip solution with lactic acid sensual properties
were not detected.

Measuring the pH value showed that it remained
stable (P > 0.05). Evaluation in a real-time programme
showed that the pH value did not change statistically
significantly. The pH value was in the range of 2.6—
2.8, so it was found that the teat dip solution met
the initially set requirements. After 24 months, the
average value of pH decreased slightly — 0.01 (P >
0.05) in the samples from the three tested series in the
real-time stability program. After correlation analysis
evaluation, it was found that there were statistically
significant linear relationships between pH in all
teat dip solutions lots. The pH value stability test
showed that the teat dip solution containing lactic
acid properties did not change significantly (P > 0.05)
during the 24-months stability testing period. The
obtained data are presented in Table 2.

Teat dip solutions viscosity decreased insignificantly
during the real-time stability program (P > 0.05). A
decrease of viscosity was determined after 6 months
to 33 mPa*s, compared with the manufactured
product: it was 3.4% lower than after production after
6 months, 7.5% after 12 months, and 12.7% after 24
months (Table 2).

The microbiological quality of the new formulated
teat dip solutions containing lactic acid was assessed
after preparation (emulsion) and the samples were
stored and tested at intervals specified in the real
stability program (Table 2).

High manufacturing standards of hygiene and
components with antimicrobial activity ensure that
microbial growth was mostly inhibited in the newly
manufactured teat dip solution (Table 2). Total
aerobic bacteria count was 1.0 x 10' CFU/g (mL).
Microorganisms such P aeruginosa, S. aureus, C.
albicans in 0.1g of the tested final teat dip solution
samples were not detected. During the accelerated
stability program, colour, homogeneity, and odour
of the new formulated teat dip solution remained
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Table 2. The new model teat dip solution containing lactic acid stability data

Time of Viscosit Total count of | P, aeruginosa,
evaluation Homogeneity Colour Smell pH mPa*sy’ aerobic bacteria S. aureus,
v CFU/g (mL) C. albicans
Batch No. 1
After 24 h | Homogeneous Orange Specific lactic acid | 2.7 940 < 1.0 x 10! Unidentified
Qitrellt-hi Homogeneous Orange Specific lactic acid 2.6 910 < 1.0 x 10! Unidentified
{?rfgerftkllsz Homogeneous Orange Specific lactic acid 2.7 870 < 1.0 x 10! Unidentified
/‘?rf:)erftkzlj Homogeneous Orange Specific lactic acid 2.6 820 < 1.0 x 10! Unidentified
Batch No. 2
After 24 h | Homogeneous Orange Specific lactic acid | 2.8 940 < 1.0 x 10! Unidentified
igrihi Homogeneous Orange Specific lactic acid 2.8 900 < 1.0 x 10! Unidentified
ﬁf:;ft}llsz Homogeneous Orange Specific lactic acid 2.8 870 < 1.0 x 10! Unidentified
ﬁfz)erft}zlj Homogeneous Orange Specific lactic acid 2.6 830 < 1.0 x 10! Unidentified
Batch No. 3
After 24 h | Homogeneous Orange Specific lactic acid | 2.6 930 < 1.0 x 10! Unidentified
Iﬁitlelihi Homogeneous Orange Specific lactic acid 2.6 900 < 1.0 x 10! Unidentified
IAIle)eIft}llsz Homogeneous Orange Specific lactic acid 2.7 860 < 1.0 x 10! Unidentified
ﬁlfzift}zlj Homogeneous Orange Specific lactic acid 2.6 830 < 1.0 x 10! Unidentified

unchanged (Table 3). After the centrifugation tests
(speed 45 rpm, time 8 min), the investigated samples
of the product did not change; they remained stable
during the entire study. Samples are considered
stable if the product phase does not separate during
centrifugation at the specified mode. At this stage of
testing, the total number of aerobic microorganisms
in 1 g (mL) did not exceed the permitted amounts,
no microbial strains of P aeruginosa, S. aureus, and
C. albicans were detected. The accelerated stability
program did not detect possible microbiological
contamination.

No pH value deviation from the initial value
was observed (Table 3) when samples were stored
at a lower temperature. It can also be stated that no
change in pH value occurred in the samples during
freezing/heating cycles and these data remain stable;
no statistically reliable decrease in pH value (P> 0.05)
was found. From the data presented in Table 3, it can
be seen that the harder experimental conditions did
not have a statistically significant effect on the pH
value; the pH value varies in stable and appropriate
characteristic limits of the product. During this study,
antibacterial activity (in vitro) of teat dip solutions was
determined by the ability to reduce the total number
of microorganisms used in testing. Results were

evaluated according to the standard.

The teat dip solution antimicrobial efficiency
test was carried out by evaluating bactericidal tests
against reference strains S. aureus S. uberis, and E.
coli, according to the EN 1656 standard. The teat dip
solution is considered as bactericidal effective if the
logarithm value obtained during the test exceeds 5. The
test was performed with 80%, 50% and 10% teat dip
solution concentrations. Bactericidal testing showed
that 80% and 50% teat dip solution concentrations
were bactericidal active against S. uberis ATCC 19436
and E. coli ATCC 10536 strains (log R > 5, Table 4).
After diluting the teat dip solution to 10%, it was not
effective in the performed study.

Discussion

The new formulated teat dip solution contains
components such a thickener, an antimicrobial
active ingredient, moisturizing, teat skin-friendly
ingredients, and water. When developing new products
and preparing chemical mixtures, it is important that
the product is not harmful to the animal and friendly
to the environment. For teat dip solutions and
other skin surface disinfectants, classification of the
chemical mixture is very important. Therefore, during
the creation of a new formula teat dip solution, the
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Table 3. The new model teat dip solution containing lactic acid data during accelerated stability program

. . . Total aerobic microorgan- | Centrifugation, speed
Time of evaluation | Homogeneity | Colour Smell pH isms count CFU/g (mL) | 45 rpm, time 8 min
Batch No. 1
After manufacturing | Homogenic | Orange Spgc1f1§ 2.7 < 1.0 x 10! Stabile
lactic acid
Heating/cooling
cycles
(10 d. at +4°C; Specific
10 d. +45°C; Homogenic | Orange 1 I: id 2.7 < 1.0 x 10! Stabile
10 d. +4°C: actic aci
10 d. +45°C;
10 d. 15°C)
After 2 months. keep . Specific . .
at +45°C Homogenic | Orange lactic acid 2.6 <1.0x 10 Stabile
Batch No. 2
After manufacturing | Homogenic | Orange Sp.ec1f1.c 2.8 < 1.0 x 10* Stabile
lactic acid
Heating/cooling
cycles
(10 d. +4°C;
10 d. +45°C; . Specific . .
10 d. +4°C; Homogenic | Orange lactic acid 2.7 <1.0x 10 Stabile
10 d. +45°C;
10 d. 15°C)
After 2 months at . Specific . .
450 C Homogenic | Orange lactic acid 2.8 <1.0x 10 Stabile
Batch No. 3
After manufacturing | Homogenic | Orange Sp.ec1f1.c 2.6 < 1.0 x 10* Stabile
lactic acid
Heating/cooling
cycles
(10 d. +4°C;
10 d. +45°C; . Specific . .
10 d. +4°C; Homogenic | Orange lactic acid 2.7 <1.0x 10 Stabile
10 d. +45°C;
10 d. 15°C)
After 2 months at . Specific . .
L4500 Homogenic | Orange lactic acid 2.6 < 1.0 x 10 Stabile

classification of the used thickener and antimicrobial
substance was taken into account according to the
European Parliament and Council Regulation (EC)
No. 1272/2008. Xanthan gum is a natural polymer
and does not pose a risk to animal health or the
environment under this regulation. Also, lactic acid
is recognized as safe for use in animal husbandry for
surface disinfection.

Disinfectant effect and sufficient thickness are
important in biocidal teat dip solutions. Viscosity
should be sufficient to form a non-drop emulsion
when the teat dip solution is applied to the skin of
the teat. Therefore, viscosity is an important physico-
chemical parameter of the teat dip solution, reflecting
the quality of the product (Elella, 2020; Petri, 2015).

In our study, we paid high attention to obtain the
required viscosity. In the study, we chose the natural
material that forms the viscosity in the new formula
product. Xanthan gum is sufficient when inserted
into the product at 0.67%. The product viscosity was
statistically reliably stable throughout the entire study
period, i.e., 24 months after manufacture.

A disinfectant is a necessary component in teat
dip. In veterinary and animal husbandry, one of
the most widely used biocides is lactic acid. Lactic
acid is recognized by the US and the European
Union Commission as a safe food additive for health
and its quantities are unlimited. This compound is
environmentally friendly and exhibits antimicrobial
activity (Storton, 2010). Also, the 2017 EU regulation
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Table 4. Antimicrobial activity (log R) of the new model teat dip solutions containing lactic acid (80%, 50%, 10%) ac-
cording to standard UNI EN 1656

Results
Test microorganisms Test suspension
80% 50% 10%
10%: >330->330* Ve: >330->330 Ve: >330->330 Ve: >330->330
S aureus ATCC 107: 46-35* Na > 3300 Na > 3300 Na > 3300
’ 6538 N:4.05 x 10® log Na > 3.52 log Na > 3.52 log Na > 3.52
No: 4.05 x 107 log R < 4.09 log R < 4.09 log R < 4.09
log No:7.61 Not active Not active Not active
10%: >330->330* Ve: <14-<14 Ve <14-<14 Ve: >330->330
. 107:42-30* Na < 140 Na < 140 Na > 3300
S ”bfg’igfcc N:3.60 x 10° log Na < 2.15 log Na < 2.15 log Na > 3.52
No: 3.60 x 107 log R > 5.41 log R > 5.41 log R < 4.04
log No:7.56 Active Active Not active
10%: >330->330* Ve <14 - <14 Ve <14-<14 Ve: >330->330
107: 44-49* Na < 140 Na < 140 Na > 3300
E. coli ATCC 10536 N:4.65 x 10® log Na < 2.15 log Na = 2.15 log Na > 3.52
No: 4.65 x 107 log R < 5.52 log R = 5.52 log R < 4.15
log No: 7.67 Active Active Not active

* number of colonies (CFU) in test suspension dilutions; N = number of CFU/mL of the test suspension; Vc = viable
count; Na = number of CFU/mL of the test mixture; R = reduction in viability. No — number of CFU/mL in the test

mixture (diluted).

(https://eur-lex.europa.eu/legal-content/EN/
ALL/?uri=CELEX:32017R2002) confirmed that
lactic acid can be used in different types of veterinary
products intended for animal skin or surface
disinfection. Lactic acid products have been shown
to have antibacterial activities against Gram-positive
and Gram-negative bacteria (Boomsma et al., 2015).
These ingredients are used in food and cosmetics as
preservatives and also have low toxicity; lactic acid is
less sensitive to skin irritation (Alsaheb et al., 2015).
Many commercial teat antiseptic products have
various active ingredients including iodine, hydrogen
peroxide, chlorine, and chlorhexidine. Some
may cause skin irritation and bacterial resistance
(Sadakane et al., 2015). Therefore, pre-parations of
natural products are desirable. The study of Chivero
and Gohtani (2015) states that teat dip solutions
with lactic acid protect the teat canal from possible
infections or inflammations, and the moisturizer film
remains effective until the first washing of the skin.
Our newly formulated teat dip solution showed a
bactericidal effect. It was confirmed by in vitro study
against reference isolates. Our study according to the
EN 1656 standard showed bactericidal activity at 80%
and 50% concentration to reference cultures, as log
R > 5 was obtained. World scientists have analyzed
the antibacterial effectiveness of teat dip containing
lactic acid. Extensive research has been conducted
(Fitzpatrick et al., 2021). These researchers tested
products containing lactic acid as the main active
ingredient. Lactic acid concentrations in these products
ranged from 1.76% w/w to 8% w/w. For streptococcal
isolates, the product with 5% w/w lactic acid resulted
in a numerically largest bacterial reduction of 70.1%.
The product with 2% lactic acid combined with 0.6%

w/w chlorhexidine obtained the largest bacterial
reduction of 100% against staphylococcal isolates.
The product with 1.6% w/w lactic acid combined with
hydrogen peroxide was found to result in bacterial
reductions of 89.9% and 59.4% for streptococcal
and staphylococcal isolates, respectively. This study
suggests that some teat disinfectant products achieve
a higher reduction in bacterial levels against different
specific bacterial groups on teat skin than other teat
disinfectant products. However, Chotigarpa (2019)
found that no relationship was observed between
a higher concentration of active ingredient and
increased effectiveness. The scientist notes that the
use of a lactic acid-based teat disinfectant reduced
the bacterial load on the teat skin and decreased the
prevalence of mastitis due to coliforms such as E.
coli. Important studies on reduced susceptibility to
lactic acid teat disinfectants have not been published
yet; only resistance mechanisms of lactic acid
bacteria coping with acid stress have been observed
(Wang, 2018; Schwenker, 2022).

In assessing the quality of pharmaceutical products,
stability of physio-chemical parameters is important.
When conducting stability studies for biocidal
products, it is important to determine whether the
quality of disinfectant products is sufficient during
the entire shelf life, whether the product maintains
its original physical and chemical properties. In case
of a decrease of viscosity, film would not form on the
skin, which ensures the lowest disinfectant properties
by the inability to keep the active substances where
they are needed. The importance of stability studies
is also defined in Regulation (EU) of the European
Parliament and Council no. 528/2012, Title 2 of
Annex III, which states that in order to register a
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biocidal product in the European Union, it is ne-
cessary to submit the results of stability studies at
low and ambient temperatures, according to which
the shelf life of the biocidal product is determined.
For this purpose, two types of stability programs were
implemented: real-time and accelerated stability. In
real-time stability studies, the product was stored
under recommended conditions and monitored for
changes in product properties. When testing the
product in an accelerated way, the product is placed
under stressful conditions: +45°C temperature,
heating-freezing cycle. Both real-time and accelerated
stability program tests are designed to reliably assess
the following aspects: stability and physical integrity
of products, chemical and microbiological stability.
After carrying out stability tests of the samples and
evaluating the obtained results, it was observed that
the teat dip solution maintained sufficient stability
when stored at low and room temperature; the pH
and viscosity results of the samples also showed the
stability of the composition. During the stability
study, it was found that the storage conditions did not
significantly affect the physical product appearance
and chemical characteristics of the new formulated
teat dip solution.

Microbiological quality control of pharmaceutical
products is necessary to ensure their safety for the
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CEREAL BY-PRODUCT VALORIZATION BY APPLYING
ENZYMATIC TREATMENT AND FERMENTATION MODELS
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'Department of Food Safety and Quality, Veterinary Faculty, Lithuanian University of Health Sciences, Mickevi¢iaus str. 9,
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Mickeviciaus str. 9, LT-44307 Kaunas, Lithuania,
*Institute of Food Safety, Animal Health and Environment “BIOR”, Lejupes iela 3, Zemgales priekSpilseta,
Riga, LV-1076, Latvia

Corresponding author: elena.bartkiene@Ismu.lt

The by-products of the cereal industry are potential resources for functional compounds. They can also
be used as a solid substrate for the cultivation of biomass of desirable beneficial microorganisms. In addition
to degradation properties (compared to pure enzymes), selected viable microorganisms may possess desirable
antimicrobial and microbiota modeling properties in vivo. Wheat and barley processing generates a large amount
of by-products, and the latter are very good producers of enterolignans in vitro, compared to other cereals. In
addition to lignans and enterolignans, alkylresorcinols are also present in the outer layer of the cereal. Finally,
the outer layer is a good source of many phytochemicals, but the highly complex insoluble structure of bran
reduces the accessibility of these valuable compounds. Therefore, the application of enzymatic treatment and
fermentation can be considered potentially useful to effectively utilizing cereal by-products. The objective of
this study was to apply enzymatic treatment and lactic acid fermentation models to the valorization of cereal
by-products. In addition, to increase the sustainability of the process, the possibility of using the potato juice
for the propagation of technological microorganisms was tested. It was found that the potato juice is a suitable
substrate for the cultivation of P. acidilactici, as the juice has more than 9.6 log, , CFU/mL of viable lactic acid
bacteria cells. The fermented juice powder (stabilized by spray drying) also had a number of viable lactic acid
bacteria greater than 7.0 log  CFU/g after 12 months of storage. The changes in the microbial profile and the
chemical composition of treated cereal by-products showed that microbial treatment increases biosafety and
reduces mycotoxin content of grain by-products. In addition, the use of selected lactic acid bacteria strains
for the fermentation of cereal by-products increases the concentration of matairesinol and secoisolariciresinol.
Finally, fermentation of cereal by-products with selected technological strains can be recommended as an
effective method for more sustainable and higher value raw material production.

Keywords: fermentation, enzymatic treatment, cereal outer layer, functional compounds.
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Dairy herds in Europe and the United States of America were selected for high milk production under
intensive farming conditions. Even under optimal management conditions, selection for the increase of milk
yield has reduced dairy cattle health and reproductive efficiency worldwide [1]. This raises doubts whether
these high-cost genotypes are suitable for organic farming systems [2], [3]. The evaluation of milk production
and milkability traits of different genotype Lithuanian black and white cattle population (n = 528) was carried
out by the data of state enterprise Agricultural Information and Rural Business Center and in a herd of an
organic farm. The aim of this study was to investigate the milk yield and milkability traits during lactation of
Lithuanian Black and White and Holstein cows with cows of different genotypes. The milk yield, milking speed,
the highest milk flow, and milking time were investigated during the study. Evaluated traits were measured
with DeLaval electronic milk meter, “Apro Windows” software. All records were obtained during 305 days of
lactation. Statistical data analysis was conducted using SPSS 25.0 (SPSS, Inc., Chicago, IL, USA) software.
The data were presented using descriptive statistics and normal distribution analysis methods, Kolmogorov—
Smirnov test. The Pearson correlation (r) was determined to define the linear relationship between investigated
traits from Apro Windows software. Multiple comparisons were calculated using the Tukey test. We observed
that the highest milk yield and the highest milk flow rate were detected in cows with Lithuanian Black and
White breed genotype (Lithuanian Black and White, Lithuanian Black and White x Holstein, Lithuanian Black
and White x Holstein x Lithuanian Black and White) during all stages of lactation. Milking time of these cows
during the first two stages of lactation was longer, compared to cows of other genotypes (P < 0.05). An average
positive correlation was estimated between the stage of lactation and milk yield (r = 0.397), high milk flow
(r = 0.331), (P < 0.001). We estimated that of all fixed effects (stage of lactation, genotype, interaction of stage
of lactation with genotype) the biggest influence on milk yield, highest milk flow, milking speed, milking time
was produced by the stage of lactation (P < 0.001); a genotype showed the highest impact only on milking
time (P < 0.01)

Keywords: genotype, milk yield, milk flow, milking time.
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Currently, great attention has been put to investigating the use of bioactive substances in poultry diet to
improve birds’ welfare and ensure final product safety and quality. One phytogenic substance that manifests the
potential to beneficially modulate gut health and functionality is cannabidiol (CBD) obtained from hemp, which
has recently attracted increasing attention. Therefore, in the present experiment, we investigated the effects of
CBD on meat volatile organic compounds (VOCs) and gut microbiota activity in chickens reared under optimal
(with no induced inflammation) conditions or subjected to C. perfringens- or E. coli-induced inflammation.
Samples of breast meat were obtained from chickens (Ross 308 male broilers) allocated considering average
body weight into 6 treatments, each containing 34 birds. The birds in the control (CON) group were fed
a basal diet over the entire an experimental period. The birds in the CBD treatment received diet as CON
but supplemented (on top) with 30 g/kg C. sativa extract, while the birds in the CON+C. perfringens and
CON+LPS groups (positive control groups) were fed the CON diet but they were subjected to a C. perfringens
and LPS challenge, respectively. Chickens in the CBD+C. perfringens and CBD+LPS groups received the same
diet as the birds in the CBD treatment group in addition to being subjected to the respective challenge factor
(C. perfringens or LPS). Results indicated that CBD supplementation counteracted the formation of breast
meat spoilage VOCs, including alcohols, trimethylamine and pentanoic acid, in the challenged birds, partly by
decreasing caecal putrefactive SCFA production. Meat VOC/caecal SCFA relationships differed according to
the applied challenge; however, CBD attenuated the effects of C. perfringens infection better than the effects of
the LPS challenge on meat VOCs. The present study demonstrated the existence of a close association between
caecal bacterial activity and chicken meat VOCs based on the production of SCFAs. CBD supplementation
decreased the formation of putrefactive fatty acids, which resulted in decreased production of spoilage VOCs
in the meat. Due to the complexity of pathogen—host interactions, more research is needed to investigate CBD
potential in modulating the health status of the host.

Keywords: cannabidiol, C. perfringens, E. coli, chickens.
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The selection of horses is based primarily on conformation evaluation. Over the years, the evaluation
methods have been improved, and finally, in many sport horse breeding populations, linear scoring is used. This
study aimed to compare differences between jumping and dressage types of warmblood horses according to two
systems used simultaneously in Poland (point evaluation on the scale 0-100 pkt [1] and linear profiling [2]).
Additionally, a comparison of basic measurements (height at withers, circumference of the trunk, and cannon
circumference) was conducted. The data coming from 1500 mares were used. The point scaling for 10 traits was
analyzed separately and as a general result. The linear scoring was transformed into the 1-40 points scale for
the statistical analysis with a mean value of 20 points [3]. The analysis of variance using the MIXED procedure
of the SAS program was conducted with the statistical model including the following fixed effects: sport type,
breeding district, and breed. The sire effect was used as a random effect. Correlations between different traits
were also calculated using the CORR procedure. Horses of different sports types differ in the circumference
of the trunk (P = 0.0013), forelimbs point evaluation P = 0.0274), and walk point evaluation (P = 0.0368).
Dressage horses were stronger in the trunk, with a higher evaluation of forelimbs and walk points. Linear
conformation profiling analyses showed differences between both types of horses at the position of the neck
(P = 0.0373), the position of the shoulder (P = 0.0036), the line of loins (P = 0.0142), the shape of the croup
(P = 0.0054), the stance of the pastern (P = 0.0266) and quality of legs (P = 0.044). Differences observed for
these traits were for both types of horses on the same side of the mean (< 20, > 20). Linear movement profiling
showed differences between both types of horses only for the trait balance of the canter (P = 0.0103). This trait
was less balanced for jumping horses. The traits repeatabilities calculated from the sire effect were low for the
basic measurements (0.13-0.30), very low for point evaluation (0.02—0.11), and divergent for linear profiling —
general (0.12-0.51) and descriptive (0.03—0.12) — traits. The Pearson correlations between the general marks
of the linear evaluation and the 100-point scale were positive and showed a similar direction of the assessment,
while the correlations between the 100-point assessments and detailed linear traits of conformation were
mostly low negative. According to obtained results, the diversification of horses in jumping and dressage types
is small and should be investigated further to obtain the required horse specialization.
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The aim of the study was to determine how the administration of a low-fat or high-fat diet supplemented with
various forms of chromium to rats affects the immune response in blood plasma. The study schema consisted
of two periods, i.e. initial and experimental, 9 weeks each. During the initial 9-week period, the rats aged 6
weeks were randomly assigned to the control group (n = 12) fed standard low-fat C diet and the HF group
(n = 72) fed high-fat diet. After the initial period, the rats from the control group were fed the same standard
diet for subsequent 9 weeks of the experimental period. The HF rats were then randomly divided into 6 groups
with n = 12 per one group. The M group was subjected to the standard low-fat diet, the F group was further fed
for subsequent 9 weeks the high-fat diet, the MP group was fed a standard low-fat diet with supplementation
of chromium picolinate, the MN group was fed a standard low-fat diet with supplementation of chromium
nanoparticles, the FP group was subjected to a high-fat diet with chromium picolinate supplementation, and
the FN group was fed a high-fat diet with nanoparticle chromium supplementation. The amount of chromium
administered to each rat was 0.3 mg/kg body weight (BW), selected according to the EFSA NDA Panel [2014].
Plasma levels of interleukins (IL-2, IL-6), immunoglobulins (IgA, IgG, and IgM), as well as TNF-a, acute phase
protein CRP and ceruloplasmin-Cp were determined. Compared to the control diet (C), the use of a high-fat
diet (group F) in the feeding of rats resulted in lower plasma levels of CRP, IgA (P < 0.001, respectively).
Shortening the duration of the high-fat diet (group M) resulted in an increase in plasma IL-2 levels and a
decrease in plasma CRP levels (P < 0.001, respectively). Two-way ANOVA analysis showed interactions of diet
x chromium addition for IL-2, CRP and Cp (P < 0.001, respectively) and IL-6 (P = 0.032). The occurrence
of the interaction indicates that the studied parameter was influenced by both diet and chromium addition.
However, it was found that chromium addition in the form of nanoparticles resulted in lower levels of IgG
(P < 0.001) and TNF-a (P = 0.003). In conclusion, it was found that in the case of prolonged use of a high-
fat diet, no elevation of inflammatory parameters was observed, but the addition of chromium in the form of
nanoparticles to a high-fat diet, although it did not increase plasma CRP levels, caused an adverse increase in
the pro-inflammatory cytokine IL-6. Such an effect was not observed in the case of a shorter use of a high-fat
diet with the addition of chromium nanoparticles. On the other hand, in the case of a long-term use of a high-
fat diet, the addition of chromium in the form of picolinate favorably reduced plasma levels of CRP and Cp.
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In recent decades, various zootechnical feed additives, that affect good health, improve digestibility and
productivity of broiler chickens have been formulated and applied [1]. In the frame of sustainable poultry
production, solid-derivated substances as feed additives for poultry have become more promising. Humic acids
(HAs) are a naturally occurring component of soil, which is formed by the decomposition of organic matter,
especially plants [2]. HAs are involved in metabolic processes in animals, interact with many compounds and
structures (organic and inorganic molecules, minerals), thereby promoting the better absorption of minerals
necessary to the host [3; 4]. The following study was performed to investigate the effect of dietary HAs
supplementation on growth performance, blood indices and Tibia development of broiler chickens. The broilers
were assigned to 2 treatments: 1 (control group) = basal diet, 2 (HAs group) = basal diet with 2 g/kg of feed
HAs. Chicks were raised from 1 to 42 days of age. A corn-soybean meal-based diet (basal diet) was formulated
according to the nutritional requirements prescribed in the Ross nutrition specification (2019) and NRC
(2004). SPSS software version 15.0 (SPSS, Chicago, IL, USA) was used for statistical analysis. Differences were
classified by the Duncan multiple comparison test. Results were considered statistically significant at P < 0.05.
The final body weight (FBW) of broilers increased by 1%, feed conversion ratio (FCR) by 0.6% and mortality
by 2% were decreased (P > 0.05). The blood cholesterol, HDL-cholesterol and LDL-cholesterol concentrations
were lower (P > 0.05) in broiler chickens with HAs. The results showed that the addition of HAs had a positive
impact on the broilers’ blood Ca, P, Fe levels, compared with the control group (P > 0.05). The Tibia lengh,
weight and strenght showed responses to HAs addition to the feed of broiler chickens (P » 0.05). The results of
this study indicate that HAs can be used in broiler feeds. It showed tendencies to increase productivity, blood
Ca, P and Fe concentrations and better Tibia development of broiler chickens.
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Peptides involved in the regulation of food intake, synthesized in the central nervous system, are often
involved in the controlling of the gonadotrophic axis activity. Premises exist that 43RF-amide (43RFa) may
be simultaneously engaged in the functioning of the complex neurohormonal network responsible for the
maintenance of the organism energy homeostasis and the regulation of reproductive processes. The aim of this
study was to verify the research hypothesis, which assumes that 43RFa (orexigenic neuropeptide, belonging
to RF-amide peptides) can be engaged in the modulation of the pituitary gonadotrophes secretory activity in
sheep. The experiment was performed on sexually mature Polish Merino sheep (n = 48). Animals were divided
into three groups. The following intracerebroventricular infusions were performed: control group (Ringer-
Locke solution), group I (43RFa in dose 10ug/480uL/day), and group II (43RFa in dose 50ug/480uL/day).
After the experiment, the animals were slaughtered: the pituitaries were stored for Real Time RT qPCR or
immunohistochemistry and plasma samples were stored for radioimmunoassay analysis. Preliminary results
showed that central infusion of 43RFa at dose of 50ug/480uL/day increase fshf mRNA expression in pituitary
cells. At the same time, no changes in FSH blood concentration were noted after 43RFa treatment in any groups
of sheep. Furthermore, received results showed no changes in [hff gene expression as well as LH concentration
in blood plasma in all investigated groups of sheep. Based on the presented results it can be concluded that
43RFa can modulate the FSH, but not LH secretory activity in pituitary cells in sheep but further studies,
especially immunohistochemical determinations, need to be done to confirm those observations.

Keywords: sheep reproduction, FSH, LH, orexigenic neuropeptide.
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The aim of this study was to estimate the influence of factors on milk amino acids and fatty acids of the
dairy goats. The research was carried out at the Lithuanian dairy goat farm with Saanen and Alpine goat
breeds (n = 97). Analyses of the amino acids and fatty acid composition of goat milk were carried out with
SHIMADZU gas chromatographer. Statistical analysis was conducted with statistical package SPSS 25.0 (SPSS,
Inc., Chicago, IL, USA). Results were considered to be reliable when P < 0.05. The present study showed that
the milk yield was higher in Saanen goats, but their milk was significantly lower in fat and protein content than
that of Alpine goats (P < 0.05). The quantity of all individual amino acids and their groups (essential (EAA),
nonessential (NEAA), total (TAA), and branched-chain (BCAA)) was significantly higher in Alpine compared
to Saanen goat milk (P < 0.01). An analysis of amino acids in milk from different seasons showed that the
highest content of both essential and nonessential amino acids was found in the grazing season (P < 0.05),
except for arginine and alanine acids the content of which was slightly higher during the housing period and
for glycine acid the content of which was the same in both seasons. The individual fatty acids ranged between
goat breeds while the total amount of SFA, UFA, and MUFA was not significantly different between the breeds
(P < 0.05). An analysis of fatty acids in milk from different LPL genotype showed that the highest content of
fatty acids was determined in the CG genotype of the LPL gene (on average 11.77% higher than in the CC and
GG genotypes) of goats (P < 0.01). The milk of CC and GG genotypes was similar for MCFA, LCFA, SFA,
UFA, MUFA and PUFA percentages. Meanwhile, the CG genotype milk had significantly more MCFA and
SFA, and less UFA, MUFA and PUFA than the CC and GG genotype milk (P < 0.05). The highest content of
short-chain and medium-chain fatty acids was found in the grazing season, and that of long-chain fatty acids
— in the housing season goat milk (P < 0.05). Analysis of variance revealed that the goat breed, LPL genotype
and season showed a statistically reliable impact on amino acid and fatty acid content (P < 0.01).

Keywords: goat, milk, amino acids, fatty acids.
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The ease of the course of labour contributes to low calf mortality, thus improving the economic performance
of dairy farms. In Poland, the course of labour is expressed on a 6-point scale: CE1 — independent delivery
(performed by natural forces), CE 2 — easy delivery (completed with little human interference), CE3 — difficult
delivery (completed with the use of more force than normally), CE4 — complicated delivery (related to surgery,
damage to a cow or calf), CE5 — miscarriage, and CE6 — caesarean section. In numerous studies, however, a
simplified classification is used, i.e., easy (CE1 + CE2) and difficult (CE3 + CE4, CE6) [1]. The aim of the
research was to analyse the trends in the delivery of Holstein-Friesian cows (from 2014 called Polish Holstein-
Friesian) of the Black and White variety used in 9 highly productive herds. A total of 39,346 cows calving in
2008-2021 were included in the study. Cows were controlled in terms of the course of the delivery expressed
in the bipartite scale (easy, difficult). Moreover, data on the milk yield of cows for full lactation, the body
weight of calves after birth with division into pregnancy size (1-3), and perinatal mortality (the number
of stillborn calves and those who died in the perinatal period) were recorded. The statistical analyses were
performed separately for the group of heifers/primiparous (37.317 cows) and multiparous cows (28.779 cows).
Development tendencies in terms of the controlled traits were established using regression analysis. Based on
the research carried out in 2008—2021, it was shown that the share of easy births among heifers was 94.65%,
and the perinatal mortality of their offspring was 5.29%. The corresponding rates for multiparous cows were
96.97% and 2.77%, respectively. It should be emphasised that the level of both these features in 2008-2021
was stable (P > 0.05). Moreover, a favourable trend was found in the scope of milk yield: in the group of
primiparous cows, it increased annually by over 34 kg, and in multiparous cows by 82 kg. At the same time, the
increase in the body weight of calves from single pregnancies born to heifers (by 0.11 kg/year) and multiparous
cows (by 0.07 kg /year) was observed. It was found that in 2008—2021, the share of easy deliveries increased
insignificantly, which was accompanied by a systematic increase in the lactation milk performance of heifers
and multiparous cows.
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Castration is carried out in order to stop the production of male hormones and spermatozoa production
by removal of testicles or by in situ destruction of testicular function. Nevertheless, physical castration
has negative effects on some characteristics such as feed efficiency, growth rate and carcass characteristics.
Besides, its painful effects and different levels of stress in animals are questioned in terms of animal welfare.
Immunization against reproductive hormones could be an alternative means of surgical castration methods
for various practical and experimental reasons [1-5]. The hormone immunocastraton is based on inducing
antibodies against gonadotropin releasing hormone (GnRH). Immunization against GnRH has been described
as one of the effective means to reduce reproductive functions in farm animals [6]. Gene immunization is a
novel immunization method that is performed by constructing a plasmid encoding an exogenous gene and
injecting it into an animal [7]. In this review, gene and hormone immunocastration in sheep and goats were
evaluated in terms of reproductive characteristics, growth, carcass, meat quality and feed efficiency.
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The study verified the hypothesis that that early administration of the antibiotic or vaccinations may affect
the levels of minerals in the yolk sac and blood plasma of turkeys. The experiment was conducted on female
turkeys in a two-factor design (2 x 4), which included 2 groups of birds (vaccinated, unvaccinated) and 4
treatments (CON, MON, ENR, DOX). Half of the birds were vaccinated against aMPV and NDV on day 1
and against ORT on day 28. MON turkeys were given the coccidiostat monensin in the feed for 56 days. ENR
and DOX turkeys received enrofloxacin or doxycycline for the first 5 days of life. Birds in the control group
(CON) received no coccidiostat or antibiotics. On days 1, 3 and 5 of the birds’ lives, yolk sacs were collected
post mortem from 21 birds in the group (3 birds from the repetition). On days 1, 3, 5, 7 and 56, blood was
collected from 21 birds in the group to assess Ca, P, Mg, Cu, Zn, and Fe levels. Two-way ANOVA showed
antibiotic x vaccine interactions for levels of Ca, P, Mg, Zn, Cu and Fe (P < 0.001, respectively) in yolk sacs
taken from both 3 and 5-day-old turkeys. The antibiotic x vaccine interaction was also found for Ca, Cu levels
(P < 0.001 respectively) in blood plasma collected from 3, 5 and 7-day-old turkeys. For P levels (P < 0.001)
in blood plasma, antibiotic x vaccine interactions were found in 3, 5 and 56-day-old turkeys. For Fe levels
(P < 0.001) in blood plasma, antibiotic x vaccine interactions were found in 5, 7 and 56-day-old turkeys, while
for Zn levels (P < 0.001) in blood plasma, antibiotic x vaccine interactions were found in 3, 7 and 56-day-old
turkeys. The recorded interactions indicate that the tested levels of mineral indicators in yolk sacs and blood
were affected by both the antibiotic and vaccine used. Only the application of MON resulted in a reduction of
Ca levels (P = 0.031) in the blood plasma of 56-day-old turkeys. In contrast, vaccination of turkeys resulted
in an increase in plasma P levels (P = 0.025) in 7-day-old turkeys, and Ca levels (P < 0.001) in 56-day-old
turkeys. Short-term administration of the antibiotic has no significant effect on the levels of Ca, P, Mg, Cu,
Zn, and Fe in the yolk sac and blood plasma of growing turkeys. On the other hand, long-term administration
of MON may result in decreased Ca levels in the blood plasma.
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Milk products are a source of lipids, carbohydrates, proteins, minerals, and vitamins. Although milk is a
staple in the diets of many cultures, the demands for specific milk products differ between consumers (some
are allergic to cow’s milk proteins or incapable of digesting lactose). However, such consumers are not without
options, and multiple studies suggest that milk containing only A2 beta-casein may be an alternative. [1]
concluded that people with lactose intolerance reported less abdominal pain while consuming milk containing
only A2 beta-casein. Furthermore, a review by [2] concluded that A2 beta-casein milk is a potential remedy
for people with a milk protein allergy. We hypothesized that because the CSN2 genotype (A1A1, A1A2, and
A2A2) influences milk’s biochemical composition, it should also influence the final product. The study aimed
to investigate the viability of breeding crossbred dual-purpose Simmental cows exclusively towards the A2
variant beta-casein by investigating the influence of the CSN2 genotypes, with a focus on the A2A2 genotypes’
influence on the coagulation traits, fatty acid composition, and sensory characteristics of different milk products
(soft cheese, sour cream, and butter). We assigned 15 crossbred cows (12 Swedish red X 14 Simmental X 12
Holstein Friesian) into three groups (A1A1, A1A2, and A2A2) of five cows per group. Milk samples for milk
products (soft cheese, sour cream, and butter) production were taken following the ISO 707:2008 protocol [3].
Milk coagulation properties were determined by exposing milk samples to rennet enzyme solution. Rennet
coagulation time and curd-firming rate were fastest in A2A2 milk and slowest in A1A1 milk. Accordingly,
curd firmness was highest in A2A2 milk and lowest in A1A1 milk. A1A1 milk products had higher levels of
monounsaturated fatty acids and lower levels of saturated fatty acids. Polyunsaturated fatty acids were mainly
found in A2A2 milk products and were lowest in A1A2 products. Although CSN2 genotypes influenced milk
coagulation traits and fatty acid content of milk products, they did not influence the latter’s sensory traits.

Keywords: cow milk, MUFA, PUFA; SFA, -casein, CSN2.
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Bovine colostrum (BC) is the first milk produced by lactating cows after parturition. BC is rich in numerous
bioactive components that ensure the nutrition of a neonate calf, confers passive protection against pathogens
and promotes the gut colonization with beneficial microbiota. Despite the numerous efforts to understand
BC effects on the development of neonates, very little is known about the complex protein composition of
BC. In order to better understand the BC proteome and changes at different time points, BC was collected at
1—4 hours postpartum. BC samples collected from animals (n = 10) at each time point were pooled together.
The BC serum was produced by gradient centrifugation and total proteins were digested into peptides using
trypsin, alkylated and subjected to mass spectrometry. Proteins were identified using the reference genome of
Bos taurus. In total, 553 proteins were successfully identified in BC samples collected over 4 hours postpartum.
Identified proteins represented coagulation factors (factor V-XII), growth factors (IGF, EGF, GMS), immune
markers (CD177, CD44, CD5, CD81), enzymes (MPO, ENO1) and others. Carboxipepridase 2 (CPN2) was
only detected 4 hours BC and was absent in the 1-3 hour samples. Moreover, collagen alpha-1 was only
detected at 1 hour and was absent in 2—4 hour BC samples. Finally, BC was highly enriched by numerous innate
immune response proteins, such as antimicrobial peptides (Cathelicidin 1-9, complement), lipocalin, TNF
receptor superfamily proteins and others. Bovine colostrum secreted during the first four hours postpartum is
rich in numerous nutritious and immunomodulatory proteins. The high amounts of antimicrobial peptides,
immunoglobulins and protective factors confer passive protection for calves. Further studies are needed to
better understand these proteins role during calves growth and development.
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The aim of this study was to evaluate Lactobacillus paracasei (LUHS244), rosemary essential oil (0.1%
v/v) and their combination to treat Ile de France lamb meat. Changes in the microbiological profile and
physiochemical parameters of meat were evaluated after 24 h of treatment at 4°C. The experiment resulted
in significantly lower mold/yeast (P < 0.05), water-holding capacity (by 49-63%), and coking loss (by 9.05—
11.31%) in all trial groups. Moisture content in all groups had a tendency to decrease from 7.09% to 8.49%.
Polyunsaturated fatty acid content increased in all experimental groups. The content of malondialdehydes
increased in all experimental groups from 4.7 to 10.1 times (P < 0.05) compared to the control group. For
the cholesterol content in lamb meat, the highest effect was determined where meat was marinated only
with rosemary essential oil (it decreased by 22% (P < 0.05)). Treatments significantly affected some biogenic
amines. Sensory analysis showed that raw lamb meat colour was more acceptable after all treatments, while the
odour acceptability was ranked highest after combined treatment. In concludsion, this treatment showed that
it could be used to improve microbiological safety and some quality characteristics, increasing PUFA content
of lamb meat.
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From a nutritional perspective, eggs are particularly important since they include essential lipids, proteins,
vitamins, minerals, and trace elements. They also provide a moderate calorie source (about 140 kcal/100 g),
have a wide range of culinary applications, and are affordable as they are the second-cheapest animal source of
zinc and calcium and the lowest-cost source of proteins, vitamin A, iron, vitamin B12, riboflavin, and choline
[1]. However, egg producers should be aware of the age at which laying hens produce eggs of the finest quality.
Therefore, the aim of this study was to compare the nutritional value of eggs produced by laying hens of
different age groups. Research was performed on eggs produced by these laying hen age groups: 1-year-old
(LH1), 2-year-old (LH2), and 3-year-old (LH3). Laying hens were raised under the same feeding and housing
conditions. The following indicators were determined in fresh and stored (for 28 days) eggs: height of egg,
yolk, and albumen; Haugh unit; yolk colour intensity; eggshell thickness; yolk and albumen pH; dry matter
(DM), fat, ashes, and protein contents in the yolk; the sensory profile of fresh eggs. When compared to LH1
fresh eggs, the LH2 fresh eggs were found to be 16% higher and to have substantially redder (a*) egg yolks
(P < 0.05). The weight of the egg yolk was found to be highest in LH3 and lowest in LH1 (P < 0.05).
Comparing LH2 to LH1, the ratio of egg yolk to egg mass was 42% higher (P < 0.05). LH1 had the lowest egg
albumen index, while LH3 had the highest. Compared to LH3 eggs, the albumen index in LH1 eggs was even
49% lower (P < 0.05). However, as compared to LH2 eggs, the egg yolk index for LH1 eggs had the greatest
value (26%) (P < 0.05). Meanwhile, fresh egg albumen’s height was 31% higher in LH2 than in LH3 (P < 0.05).
When comparing distinct age groups of laying hens, no significant variations in the chemical composition of
the eggs were discovered. After storage, egg weight in LH2 was 24% higher than it was in LH1 (P < 0.05). The
egg yolk index after storage was 9% higher in LH1 than in LH3, and the egg mass to yolk ratio was 37% greater
in LH2 than in LH1 (P < 0.05). When analysing eggshell strength, it was found to be 19% higher in LHI,
compared to the eggs of LH3 (P < 0.05). After evaluating the sensory profile and consumer acceptability of the
egg albumen, it was found that the albumen in LH1 was 10% harder, compared to LH2 (P < 0.05); the general
flavour intensity of the yolk was most noticeable in the eggs of LH3, and the least in LH1 (P < 0.05). However,
LH?2 yolk residual flavour intensity was 13% lower than in LH3 (P < 0.05). According to the recent study’s
findings, in order to produce fresh, high-quality eggs that consumers would be satisfied with, it is appropriate
to regularly replace the flock of farmed laying hens with younger ones.
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The aim of this study is to verify the statement that the metabolic effect of copper nanoparticles (Cu-NPs)
is strongly reliant on the physiological function of different dietary fibre types. We hypothesized that a dietary
combination of Cu-NPs with either a control inert (cellulose) or a prebiotic (inulin) or a viscous (pectin) or a
bulking (psyllium) fibre would stimulate immune response of rats. Rats were fed for 6 weeks a standard diet
with dietary addition of two Cu-NP dosages (recommended and two times higher; 6.5 and 13 mg/kg diet) and
combined with different types of dietary fibre; 6% of a diet (control — cellulose, inulin with a prebiotic effect,
psyllium with a bulk effect, pectin with a viscous effect; 10 groups, n = 10 per group). Blood was collected
from 10 rats from the group for the determination of immunological parameters. Nanoparticles increase the
stimulation of the immune system, but determining whether this effect should be considered beneficial requires
a wider range of research. Plasma levels of superoxide dismutase (SOD), catalase (CAT), malondialdehyde
(MDA), glutathione (GSH and GSSG) were determined in the blood plasma of rats by Elisa assays. It was
found that compared to a diet containing cellulose, replacing it with pectin or inulin or psyllium resulted in
lower SOD levels (P < 0.001). A fiber x Cu-NP dose interaction was noted for MDA, GSSG (P < 0.001 both).
The interaction for MDA was due to the fact that in diets containing cellulose and pectin, increasing Cu from
6.5 mg/kg to 13 mg/kg in the diet had no effect on MDA levels, while in diets containing inulin resulted in
an increase in MDA levels, and in diets containing psyllium in a decrease of this parameter. The interaction for
GSSG was due to the fact that in diets containing cellulose or pectin or psyllium, increasing the Cu dose from
6.5 mg/kg to 13 mg/kg had no effect on the level of oxidized glutathione, while in diets containing inulin,
increasing the Cu dose resulted in a decrease in the level of this parameter. It was established that it is beneficial
to use fiber in the diet of rats in the form of inulin, especially with an increased dose of copper nanoparticles
(13 mg/kg), as lipid oxidation can be reduced in this way.
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Proper differentiation and segregation of the first three cell lineages in the mammalian embryo — epiblast
(EPI), primitive endoderm (PrE) and trophectoderm (TE) — play a crucial role in embryo development. The
knowledge about specification processes and timing is mostly based on the mouse model studies. Here, we
focus on non-rodent model: rabbit. Previously, we analyzed specification of rabbit EPI, PrE and TE at different
time points in in vivo preimplantation rabbit embryos. Here we compare the timing and distribution of these
lineages in in vitro cultured embryos with embryos obtained in vivo, to determine how culture conditions
affect the differentiation potential of a rabbit embryo. Popielno breed rabbit zygotes (19 hours post coitum,
hpc) were cultured in vitro in commercially available sequential culture media: 1) G-1™ PLUS/G-2 PLUS™
(Vitrolife); 2) ORIGIO® Cleav/ORIGIO® Blast (CooperSurgical); and single step media, 3) Global®Total®,
and 4) SAGE 1-step™ (CooperSurgical). Embryos cultured in single step RDH medium served as in vitro
culture control. After culture, 120 hpc embryos (5 dpc) were fixed and immunostained. Cell number and
specific lineage differentiation were assessed based on localization of lineage-specific transcription factors:
CDX2 for TE, SOX17 for PrE and SOX2 for EPI. Cell lineage distribution in in vitro cultured embryos was
compared to in vivo embryos from stage 3 dpc to 5 dpc. In all analyzed culture media, more than 80% of the
rabbit zygotes reached the blastocyst stage. Nonetheless, the pattern of differentiation significantly varied
between the analyzed media. Moreover, in vitro cultured rabbit embryos had significantly fewer cells and
fewer differentiated cells compared to in vivo ones. Our results show that 5 dpc in vitro cultured embryos
are developmentally delayed. After culture in Global medium, the embryos show a similar distribution of
trophectoderm and primitive endoderm lineages as 3.25 dpc in vivo derived embryos. Culture in ORIGIO or
RDH medium results in the expression pattern more typical for 3.75 dpc in vivo embryos. All the presented
results were statistically significant.
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Caprine arthritis-encephalitis (CAE) is a result of a small ruminant lentivirus (SRLV) infection. One of
the CAE symptoms can be mastitis. Thus, CAE is an economic problem [1]. Acute-phase proteins (APPs)
participate in immune defense during various infections. Their activation is very important to the reinstatement
of homeostasis. In goats, seven proteins belong to APPs:serum amyloid (SAA), haptoglobin (Hp), ceruloplasmin
(Cp), C-reactive protein (CRP), alpha-1 acid glycoprotein (AGP), fibrinogen (Fb), and a-lactalbumin (LALBA)
[2, 3, 4]. The goal of the study was to estimate the correlation between the length of infection and expressions
of APPs genes in milk somatic cells (MSC) of SRLV-seropositive goats as well as correlation with milk traits
being indicators of mastitis such as MSC count (MSCC), total protein and lactose contents. The study was
conducted on 12 dairy goats (n = 6 Polish White Improved, n = 6 Polish Fawn Improved) being between 2nd
and > 4th parity, naturally infected with SRLV and confirmed at least twice using ELISA test, but without
clinical CAE symptoms. The milkwas collected five times during lactation (day 1, 30, 60, 120, 180 day). The
gene expression was measured using the qPCR method with cyclophilin A as a reference. Pearson correlation
with PROC CORR of SAS package was used to estimate the associations. The duration of the SRLV infection
was not correlated with expressions of any studied APPs gene. However, the longer the infection lasts, the
higher the MSCC (0.47, P < 0.0001) and total protein (0.39, P = 0.0006) were, but not lactose contents.
Moreover, correlations between AGP and Cp (0.41, P = 0.0019), AGP and CRP (0.66, P < 0.0001), AGP and
Hp (0.63, P < 0.0001), Cp and CRP (0.36, P = 0.0048), Cp and Hp (0.41, P = 0.0010), Cp and LALBA (-0.57,
P < 0.0001), and CRP and Hp (0.65, P < 0.0001) gene expressions were found. No correlation between the
length of infection and APPs gene expressions may suggest that the length of infection in asymptomatic
goats does not trigger an acute immune response in the udder. However, increased MSCC and total protein
content in parallel to infection may, however, indicate inflammation but probably subclinical and mild. The
relationship between expressions of some APPs gene probably indicated synergism or antagonism (Cp and
LALBA) in their activity.
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The aimwas to determine how puerperal metritis influences the recovery of estrous cycle in modern dairy
cows. The study was carried out on lactating Holstein cows from a commercial dairy farm located in Lithuania.
The cows were housed in freestall barns with access to fresh water ad libitum and were fed a total mixed
ration supplemented with the concentrate based on milk yield. The cows were selected between day 5 to 14
after calving (day 0 = day of calving). The cows were divided into two different groups: multiparous cows
after puerperal metritis treatment (M (n = 34)) and multiparous cows without signs of puerperal metritis (H
(n = 38)). All 72 cows were divided into groups after their first ovulation: HSO (n = 29) — cows without signs
of puerperal metritis and with a single ovulation; MSO (n = 21) — cows after puerperal metritis treatment with
a single ovulation; HDO (n = 9) — cows without signs of puerperal metritis and with a double ovulation; and
MDO (n = 13) — cows after puerperal metritis treatment with a double ovulation. The changes in ovaries were
examined using a digital diagnostic ultrasound scanner (Draminski iScan, Draminski S.A., Olsztyn, Poland)
at a frequency of 7.5 MHz, using a linear rectal transducer. The first dominance of the follicle postpartum was
recorded when at least one of the follicles reached 8.5 mm in diameter. To detect follicle ovulation, the cows
were monitored by ultrasound machine three times a week (Monday, Wednesday, Friday). Ultrasonography
was started on day 5 postpartum and was continued until the follicle ovulation was diagnosed. The statistical
analysis was performed using computer software (SPSS Inc., Chicago, IL, USA) SPSS 22.0. A probability
below 0.05 was considered reliable.

The mean time to the first follicle deviation postpartum was longer in the MSO group compared with the
HSO group, 8.9 + 1.6 and 6.8 + 1.8 days postpartum, (P = 0.002). The same tendency was observed in the
MDO and HDO groups, 9.5 + 1.3 and 7.0 £ 1.4 days postpartum, (P = 0.002). We found that in the HDO
group the first dominant wave follicle’s ovulation was more frequent when in the MDO group, 55.6% and
23.1%, (P = 0.027). Moreover, the HDO group cows ovulated their follicle during the first follicular wave
faster compared to the MDO group (11.4 £ 2.7 day and 20 + 1 day, (P = 0.01). Also, cows of the HDO group
had a smaller diameter of the ovulatory follicles compared to the cows of the MDO group (15.3 £ 1.9 mm and
17.3 £ 1.7 mm, P = 0.04).

In conclusion, dairy cows which have had puerperal metritis need more time until the first follicle deviation
postpartum. Also, healthy cows have a higher frequency for double ovulation in the first dominant wave
postpartum.
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Milk production increases 30% from the first to fifth lactation, but the percentage increase progressively
decreases with age. The milk yield are increased with an increasing lactation number, which may be due to
increasing development and size of the udder with a resulting increase of secretory cells. Other reasons for
high milk yield may be increased parity, which plays a significant role in the control of the tissue mobilization
between the primiparous and multiparous cows, and includes increasing body weight of dairy cattle over that
of first lactation. The lower milk yield in first lactation cows, because their mammary gland and mammary vein
not well developed [1]. Milk composition also changes over lactation [2]. The aim of this work was to investigate
the relationship between lactation with milk yield and composition in dairy cows. The study was carried out
on 80 Holstein lactating dairy cows, in accordance with the Law on the Care, Keeping and Use of Animals
of the Republic of Lithuania. Milk production was determined by control milking. Milk composition (milk
proteins, milk fat, lactose concentration and somatic cell count) was determined in the laboratory at Joint Stock
Company “Pieno tyrimai”. According to the lactation number, cows were divided into 5 groups: 1* lactation
(n =15),2" (n = 17), 3 (n = 14), 4" (n = 18) and 5" (n = 16). The statistical analysis was performed using
computer software SPSS 22. Data was statistically significant when P<0.05. During the study, results showed
that the fattest milk was in 4™ lactation cows, which was 4.49 + 0.05%. The leanest milk was in the milk of 1*
lactation cows, 4.31 + 0.05% (P< 0.05). Milk whiteness differed slightly in all lactation cows. The highest milk
protein content was found in lactating milk of 2™ and 5" lactation cows(3.28 + 0.03%). The highest amount
of lactose in milk was found in the milk of 1* and 4™ lactation cows (4.73 + 0.02%). The highest amount of
milk was milked from 4" lactation cows (31.77 + 1.19 kg), and the smallest in 5" lactation cows (28.21 + 2.03
kg, P> 0.05). Examination of the influence of lactation on the number of somatic cells demonstrated that the
SLS in the milk of 1% lactation cows was the lowest in comparison with other lactations of cows and amounted
to 232.40 thousand / mL. * 44.33 thousand / mL, which is 11% less than in the milk of 2*¢ lactation cows.
The milk of 5" lactation cows had the highest number of somatic cells in comparison with other lactations and
amounted to 328.38 thousand / mL % 53.83 thousand / mL (P < 0.05).
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The aim of this work was to identify prevalence of milk protein B-casein Al and A2 variants in dairy cattle
population. B-casein is encoded by exon 7 of the CSN2 gene. The protein encoded by the gene consists of 209
amino acids (molecular weight ~24 kDa) and has a high degree of polymorphism [1, 2]. Mutation of proline
(CCT) at position 67 to histidine (CAT) in the original A2 genetic variant of the Bos genus 5-10 thousand years
ago gave rise to the Al variant [3]. The structural change between the Al and A2 variants resulted in the two
-casein variants being hydrolyzed differently in the human gastrointestinal tract. The peptide bond between
proline and isoleucine in the A2 variant is more resistant to enzymes than the bond between histidine and
isoleucine in the Al variant [2]. This means that milk containing variant Al is much more easily hydrolyzed
by enzymes in the gastrointestinal tract and secretes higher levels of opioid protein f-casomorphin-7 (BCM-
7), which can adversely affect human health [4, 5]. During this work, in total, 208 samples were tested from
eight dairy cattle breeds: Danish Black-and-White (22), Danish Red (18), Holstein (32), Lithuanian White
Back (34), Lithuanian Black-and-White (31), Lithuanian Grey (32), Lithuanian Red (28), and Swedish Black-
and-White (11). Genetic testing was done using the allele specific oligonucleotide primer PCR (ASO-PCR)
method. All three possible genotypes of B-casein Al and A2 variants — A1A1, A1A2 and A2A2 — were detected
in the studied breeds, except for the Danish Red and the Lithuanian Black and White. Comparing all eight
studied breeds, the highest frequency of the A2 allele was in the Danish Red and the lowest in the Lithuanian
Grey. The highest frequency of the heterozygous A1A2 genotype was found in the Lithuanian Grey, and the
lowest in the Danish Red. Due to the high frequencies of the Al allele, homozygous A1A1 and heterozygous
A1A2 genotypes, the consumption of milk from Lithuanian Grey cattle may increase or promote the risk
of the development of diseases due to the release of BCM-7 during digestion. Finally, it can by stated, that
Lithuanian Black and White cattle mostly give milk containing A2 variant, which after hydrolysis produces
four times less opioid-like protein f-casomorphin-7 (BCM-7) and thus is safer for human consumption.
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In many countries, women are constituted a large majority of riders, especially in recreation riding or low-
class competition. In higher classes, the gender structure is quite different [1]. The financial success is also
lower in higher classes in horses ridden by women. On the other side, the horse’s age and gender are significant
effects on show jumping results [2]. According to the literature, the relationships between horses and people
depend on gender [3]. The stated hypothesis is that the results in high-class show jumping will be comparable
between people’s gender after corrections for additional influences like the number of starts or horse age and
gender. The data were collected on the final jump-off during the Polish Show Jumping Championships during
the years 2016—2020. Because of the limited amount of riders in the jump-off, the number of observations
was 50. The observations of 29 riders and 40 horses were divided according to gender and age. The analyzed
observations belong to stallions (30%), mares (24%), geldings (46%), men (92%) and women (8%). The
following age groups were created: people below 30 years (36%), 30-39 years (46%), 40 years and above
(18%); horses below 10 years (28%), 10-12 (38%), and above 12 (34%). Preliminary analysis showed that
almost all subclasses had observations. Analysis of the results overall showed that, among general points, place
and time, the general point trait has to be transformed by the SQR function (root extraction) to be normally
distributed. The statistical analysis of variance was conducted using the MIXED procedure from the SAS
program with the model including a random rider-horse pair effect and fixed effects of rider and horse age
and gender effects, as well as the year of competition. Horse age and gender did not affect competition results.
The rider’s age was statistically significant for location (P = 0.003) and points (P = 0.04), but not the time of
jump-off. The placing is better with the rider’s age, and the amount of points is lower for the oldest group of
riders (however, differs only with the youngest age group). The rider’s gender was statistically significant for
placing in competition (P = 0.01) probably because of some differences in timing as differences in points were
not noted. The hypothesis on equal results between the results of people of different genders is not supported.
However, it is worth noting that 75% of women’s records were noted for the oldest horses. This percentage
was much lower for men (30%). Such characteristics may be gender-specific. Because of the limited amount of
data, the study should be continued with a larger amount of data.
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It is well known that standard semen analysis is a basic test that is used to determine male fertility in farm
animals, including cattle. However, sensitivity of this test does not meet challenges associated with the modern
animal reproduction, and it leads to economic loss, especially, when cryopreserved sperm is used [1]. In the
view of the above, new fertility-related biomarkers are urgently needed for diagnosis and prognosis of male
fertility potential [2]. In our project, we hypothesize that aquaporins (AQPs) and related in situ metabolic
processes can be integrated as sensitive markers for bull fertility and production of high quality semen. The
present study includes a total of 20 cryopreserved ejaculates, each coming from a separate healthy and sexually
mature Polish Holstein-Friesian, black and white bull. The ejaculates will be classified into two groups: high-
quality semen (n = 10) and low-quality semen (n = 10), based on sperm motility, viability, morphology, DNA
defragmentation and sperm apoptosis. Subsequently, semen samples will be processed (i) for analysis of the
location and expression of AQPs, and (ii) for analysis of the selected physicochemical markers (free amino acid
and fatty acid profile, biogenic amines, cholesterol and malondialdehyde concentration). Research carried out
to date has confirmed the presence of AQP3 and AQP7 in bovine sperm. Both proteins belong to the subfamily
of AQPs called aquaglyceroporins and are probably involved in the transport of glycerol into sperm cells for
energy production, elimination of reactive oxygen species and regulation of sperm volume.
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Erythrocytes (red blood cells, RBCs) are one of the major cellular components of blood. They are small,
round, and biconcave, they lack nucleus and contain haemoglobin, which binds oxygen, and to the lesser
extent carbon dioxide. RBCs are covered with a membrane containing nearly equal amounts of proteins
and lipids, which are either phospholipids or neutral lipids, mostly unesterified cholesterol (Chol) located
in between phospholipids [1]. Changes in lipid composition of membranes result in an impairment of their
deformability and, thus, affect their functional characteristics. RBCs are particularly suitable for studies on
membrane lipid composition, as due to the lack of internal organelles, the majority of their lipids are attributed
to the membrane. Factors such as a diet, lifestyle, aging, and diseases may alter the fatty acid (FA) composition
of the RBC membrane, and, thus, the FA profile may be used as an indicator of dietary interventions and
various states [2]. In animal sciences, membrane lipidomics studies are still scarce [3], partially due to the some
methodological issues. RBCs membranes are very fragile, and both chemicals and sample preparation conditions
(time, temperature) may alter the lipid profile and hence reduce the usefulness of the RBC as a biomarker. The
aim of this study was to improve methods of saponification and methylation of FA present in RBCs membrane
of pigs’ blood samples, followed by gas chromatography-mass spectrometry analysis (GC-MS). Blood samples
(~2 mL) were collected from crossbred ((Polish Landrace x Yorkshire) x Hampshire)) male piglets (Sus scrofa
domesticus), fed high fat diet supplemented with 5 g of fish oil (FO). RBCs were collected by centrifugation of
blood collected into heparinized tubes and thrice saline rinse of the residue. RBCs samples were subjected to
saponification for 2, 10 and 20 minutes at 95°C to choose a suitable time period, then to mild base and acid
methylation followed by GC-MS analysis. The shortest time (2 min) of saponification resulted in significantly
higher concentrations of arachidonic, eicosapentaenoic, docosapentaenoic, docosahexaenoic, C24:5 n-3 and
C24:6 n-3 FAs in RBCs. The longest time (20 min) of saponification significantly reduced concentrations
of all FA whereas time of saponification shorter than 2 minutes did not ensure visible dissolution of RBCs.
Moreover, they were also visible after mild base and acid methylation. The improved saponification method
(95°C for 2 min) is an appropriate analytical procedure of sample preparation for GC-MS analysis of FA profile
in RBCs.
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The diet composition, especially added supplements, can be an effective factor in increasing the nutritive
value of animal products from the aspect of human health. Currently, cannabinoids (CBDs) derived from hemp
could be used as physiologically valuable dietary supplements for farm animals (like poultry, ruminants, pigs
or rabbits) [1]. CBDs have a wide spectrum of biological activity, including anti-oxidant and anti-inflammatory
activity and anti-necrotic protective effects, as well as displaying a favourable safety and tolerability profile in
humans. Interestingly, hemp seeds added to tap water and feed have increased bone strength of farm animals,
which is of great practical importance. Thus, hemp rich in CBDs (with trace levels of psychoactive tetrahydro-
cannabinol (THC)) added to diets appears to be of particular interest for farm animal feeding [2]. It is important
to monitor the CBD profile in animal products due to the possible presence of psychactive CBDs (like A9-
THC and A8-THC). Thus, the aim of our study was to develop the reversed-phase (RP) high performance
liquid chromatographic method (HPLC) with photodiode array detection (DAD) for the determination of
cannabinoids in hemp supplements, the diets enriched in CBDs and yolk and white of eggs of hens fed
these diets. CBDs are lipophilic substances, so their transition to egg yolks and adipose tissues is possible.
The determination of CBDs in animal products is important because some CBDs (like cannabidiol) alleviate
the psychoactive effects of THC. The chromatographic separation of twelve non-psychoactive CBDs, two
psychoactive CBDs (A9-THC and A8-THC) and free cholesterol in these samples was conducted using a Shim-
Pak C18-column (2.2 uym; 75 mm x 3 mm) and two Phenomenex C18-columns (2.5 um; 100 mm X 3 mm).
The preparation of egg yolks for HPLC analysis consisted of four extractions with hexane. All hexane layers
were combined, and hexane was removed under a stream of argon at ~45°C. The residue in a vial was
dissolved in 1 mL of acetonitrile (ACN). The preparation of fine powdered hen diets, hemp and flax seeds
for chromatographic analyses consisted of four extractions with hexane and four extractions with methanol.
Hexane and methanol layers were combined, and solvents were removed under a stream of argon at ~45°C.
The residue in a vial was dissolved in 1 mL of ACN. Then, biological samples and CBDs standards were
analysed using a ternate gradient of ACN with formic acid (solvent A), solvent B consisted of water with formic
acid, while solvent C was methanol; the maximum system pressure was 29.5 MPa. After detailed studies of
the influence of column temperature, mobile phase compositions and the pH of methanol on resolution of
CBDs, the use of three columns, 40°C elution temperature and methanol was chosen as optimum separation
conditions for analysis of all assayed CBDc and cholesterol in egg yolk samples, feed, hemp seeds and flax
seeds.
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High ambient temperature is considered to be one of the most important factors for subfertility in cattle
in tropical or subtropical countries [1]. Bull spermatozoa are very susceptible to heat stress, so the current
increase in global temperature is of concern for future livestock production [2]. Some differences in sperm
quality between dairy and beef bulls are also described [3]. A further aim was to identify where potential
differences in sperm quality occur between dairy and beef bull semen in relation to ambient temperature and
heat stress. In this study, 233 fresh raw ejaculated bull semen samples (107 of dairy breeds and 126 of beef
breeds), collected over a period of three years, were analyzed. After semen collection, the volume of ejaculate
was fixed and NewBauer chamber was used to measure sperm concentration. Progressive as well as total sperm
motility were measured via Sperm Class Analyzer software. The average age was 68.80 = 8.92 months for beef
and 49.77 £ 6.93 months for dairy bulls.

The data on the average monthly ambient temperature were obtained from the Lithuanian Hydrometeorolo-
gical Service. The highest average ambient temperature was detected on summer season: June (17.84 £ 1.06°C),
July (18.42 £ 0.74°C) and August (17.67 £ 2.71°C). Our results showed that the type of the bull has a significant
influence on sperm motility parameters for the whole tested period. Dairy bulls showed a higher average of the
total and progressive sperm motility rates (79.39 = 15.02% and 59.31 = 16.00%) (P < 0.01), while the average
of the volume of the ejaculate (7.37 £ 2.26 mL) (P > 0.05) and sperm concentration (1836.12 = 791.50 cells/
mL) (P < 0.01) were higher in beef bull samples. During the summer, sperm motility parameters in the beef
bull samples decreased significantly while the motility in dairy bull samples remained constant and did not
differ from other seasons (P < 0.01). An increase in ejaculate volume and a decrease in concentration in dairy
bull ejaculates were observed during the summer. Meanwhile, the beef bull samples in summer were more
concentrated without a rise in the volume of the ejaculate. The analysis of influence of ambient temperature
and heat stress on bull semen parameters showed that the spermatozoa of the beef bulls to compare with dairy
bulls were more sensitive for high ambient temperature by decreasing their motility, which could be caused by
higher sperm concentration in the ejaculate and an increase in oxidative stress.
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Signal transducer and activator of transcription 5 (STAT5) is known as a main mediator of growth hormone
(GH) action on target genes [1]. The STATS5 transcription factors are members of the somatotropic axis. They
initiate the growth process in the target cells, a process mediated by the pituitary growth hormone [2]. Owing
to its mediator role in the effects of the prolactin and growth hormones, it is suggested that the STAT5A gene
is a potential quantitative trait locus for the quantitative traits of livestock, such as meat yield 3, 4]. The aim
of this study was to investigate the prevalence of STAT5 gene (6853C>T) polymorphism and to determine
its influence on the carcass quality in beef cattle. Samples of cattle hair follicles were collected from 85 bulls
consisting of Angus (41), Limousin (19), Galloway (19) and Simmental (6) cattle. Hair samples and the data
on carcass quality records were obtained from Siluté control bulls feeding station. Bovine genomic DNA
was extracted from hair follicles using Chelex DNA extraction method. Polymorphism of STAT5 locus was
identified using a PCR-RFLP method. PCR product of STAT5 gene was digested with Aval (Eco88I) restriction
nuclease. Both C and T alleles of the STATS gene were detected in Lithuanian beef cattle population. Frequency
of C allele was found the highest and that of T allele the lowest. The C and T allele frequencies were 0.959 and
0.041, respectively. The STATS5 gene CC genotype was the most common in the studied population (91-92%)
followed by the CT genotype (9—-8%), while the TT genotype was not found in the analyzed population.
Evaluation of the observed and expected heterozygosity in the investigated group of animals demonstrated that
the observed heterozygosity was found to be lower than expected, indicating an insufficient amount of genetic
diversity in the loci studied; the difference was not statistically significant. According to SEUROP carcass
classification system, most of the CT and CC genotypes bovine carcasses were classified as R (good) carcass
conformation class and the 3™ (average) fat coverage class. However, results were not statistically significant
(P value — 0.334, P > 0.05); thus, STATS5 gene polymorphism has no influence on bovine carcass conformation
and fat coverage. In conclusion, after evaluating the polymorphism of the STAT5 gene (6853C> T) in the
studied population of beef bulls bred in Lithuania, it was found that the frequencies of alleles and genotypes
are unevenly distributed. Therefore, the low frequency of some of the obtained genotypes of polymorphism
makes it difficult to determine the influence on the carcass quality traits of cattle. An increased sample size is
required to obtain more confident results.
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Cattle, like all other animals, need five main components in their diet: carbohydrates, proteins, minerals,
vitamins and water (although the water is not a nutrient material, any diet or vitality is impossible without
it) [1, 2]. Sometimes, it is difficult to ensure a proper diet and to match the ration exactly as required by the
animals. In this case, feed additives are used to ensure a proper diet that fully meets the needs of the animal.
Feeds may also be fortified with supplements if clinical symptoms appear to be present due to a lack of some
materials in the diet. Proper selection of the supplement and its dose is very important, because too much of
it can be harmful to animals: decreased productivity, impaired metabolism, the onset of pathological processes
may occur [3]. The main tasks of this investigation were determination of the effect of dietary changes on the
hepatic activity of the liver enzyme; analysis of the most important biochemical parameters of the blood, which
are the most sensitive indicators for changes in the diet and how they relate to changes in liver enzymes; and
calculation of the interactions and relationships between the obtained biochemical parameters. A particularly
pronounced change was observed in GGT and ALP enzymes. The mean GGT concentration at the beginning
of the study was 19.07 U/L, and at the end of the study (90 days), it reached 22.41 U/L (norm: 6-17.4
U/L), while the ALP at the beginning of the study was 160.07 U/L, and at the end, it was 224.31 U/L
(norm: 0—488 U/L). The correlation coefficient of these enzymes is very strong — 0.97. Hypocalcaemia and
hypomagnesaemia, which occurred throughout the study irrespective of changes in the diet, were investigated
for other biochemical parameters, determining the cause and relationship between changes in liver enzymes.
The calcium concentration on day O of the experiment was 5.61 mg/dL and on day 90, it was 6.2 mg/dL
doses (norm: 8—11.4 mg/dL), magnesium concentration 0.98 mg/dL and 1.1 mg/dL, respectively (norm:
1.5-2.9 mg/dL). However, a significant increase in phosphorus concentration was observed throughout the
study, hypophosphataemia was found to be 5.36 mg/dL on day 0 and increased to 8.22 mg/dL on day 90
(rate: 5.6—8.0 mg/dL). A positive correlation was found between the increase in protein concentrations and
the increase in urea and protein uptake and creatinine change, respectively, by a factor of 0.97 and 0.64. It is
also likely that due to the increased protein content and the resulting ammonia in the liver, GGT serum levels
were also increased due to liver toxicity of ammonia, as the GGT and urea correlation coefficient is very strong
and equal to 0.97.
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Investigation of gene polymorphisms is very useful in determining the genetic potential of an animal
[1]. The use of genomic or marker selected analysis in cattle breeding can effectively improve the quality of
dairy products and better results of quantitative traits [2]. Previous studies in dairy cattle have shown that
polymorphisms in the pituitrin-specific transcription factor (PIT1) gene are associated with traits of cattle milk
productivity. The pituitrin-specific transcription factor (PIT1 or POUIF1) gene is involved in the transcription
of the growth hormone (GH) gene, the prolactin (PRL) gene, and the thyroid stimulating hormone-f3
(TSHB) gene. Pituitrin-specific transcription factor is also important for the differentiation and growth of
adenohypophyseal somatotropic, lactotropic, and thyrotropic cells, pituitary development, and maintenance
of function [3]. Blood samples were taken from 101 dairy cattle from various dairy farms in Lithuania. Data
sets for second lactation production period from dairy cattle were analysed. In this study, two PITI gene
polymorphisms (c.1178A/G and ¢.545G/A) were analysed. Genotyping of polymorphisms was achieved using
the PCR-RFLP method. There were three genotypes detected at PIT1 gene polymorphism c.1178A/G, i.e.,
BB, AB and AA. The observed frequencies were 64.4% (BB), 27.7% (AB) and 7.9% (AA). The observed allele
frequencies were B 78.2% and A 21.8%, respectively. In this polymorphism, heterozygosity was insufficient.
There were three genotypes detected at PIT1 gene polymorphism c.545G/A, i.e., GG, GA and AA. Their
observed frequencies were GG 62.4%, GA 27.7% and AA 9.9%. The mutated allele A frequency was 23.8%
and the wild type allele G frequency was 78.2%. In this polymorphism, heterozygosity was also insufficient.
The investigational analysis of PIT1 gene polymorphism ¢.1178 A/G shows that B allele determines higher
milk yield, while PIT1 gene polymorphism ¢.545G/A allele A determines higher milk and protein yield. In
conclusion, results from the analysis show that PIT1 gene polymorphisms ¢.1178A/G and ¢.545G/A have a
significant impact on the quantity of milk and protein yield.
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Holstein cattle have been used for many decades for the breeding of other dairy cattle in order to increase
milk production. Productivity of cows differs between organic and conventional herds; therefore, the ability of
cows to adapt to an organic production environment has been questioned, whether these high-cost genotypes
are suitable for organic farming systems. Organic dairy farming has grown, farmers have realised that many
available conventional breeds of cows are not well adapted to new situations and that more robust cows are able
to function well in the organic environment.

The aim of this study was to investigate the milk yield and milkability traits during lactation of Lithuanian
red cows with different genotypes. The research was carried out in an organic farm in 2020 with dairy cows
(n = 248) of Lithuanian red cattle population. The milk yield (MY), milking speed (MS), highest milk flow
(HMF), and milking time (MT) were evaluated. Investigated traits were measured with DeLaval electronic
milk meters, “Apro Windows” software. All records were between 5 and 330 days of lactation, with average
2.26 £ 0.44 of lactation. All cows had two milk-recording events per test day (morning and evening). Lactation
of cows was divided into stages: (stage 1 — <= 60; stage 2 — 61-150; stage 3 — 151-240; an stage 4 — 241-330
days of lactation). The statistical analysis of data was performed using the SPSS 25.0 (SPSS Inc., Chicago, IL,
USA) software.

The highest number of cows was with LRxRHxRH genotype, which accounted for 37.83% (y* = 53.540,
df = 1, P < 0.001) of all investigated cows. We observed that the highest MY and HMF in the organic farm was
detected in cows with genotypes LRxAIxRH, LRxHxH and LRxRHxRH in the first and the second stages of
lactation (P < 0.05). MT of LRxHxH, LRxRHxDR and LRxAIxRH genotype cows during all stages of lactation
was longer, compared to cows of other genotypes (P < 0.05). We estimated that of all fixed effects the biggest
influence on MS, HMF, MT (P < 0.001) and MY was by a genotype of cows (P < 0.01), while the stage of
lactation showed the highest impact on MY, HMF, MT (P < 0.001) and MS (P < 0.01). Analysis of different
genotypes of cows revealed that local breeds are well-adapted and more suitable for organic farming.
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Age at first calving is considered an important predictor of subsequent milk yield and is an extremely
important economic trait determining the profit of cow milk production [1, 2]. Cow longevity and lifetime
performance traits are good indicators of breeding effectiveness and animal welfare. They are also interrelated
with the economics of dairy herd [3]. Our study aimed to analyze and to determine the influence of the
first calving age on cow productivity. In the investigated farm, the cows were raised under loose-housing
conditions in a modern cold-type barn throughout the year. Cows were fed a complete mixed diet that met
their physiological needs. For the study, 362 cows with their completed first lactation were selected. According
to the age of the first calving, the cows were divided into 4 groups according to the calving age: up to 22
months, 22.1-24.0 months, 24.1-26.0 months, and over 26.1 months. For the analysis of the data, statistical
indicators (arithmetic mean, standard error of mean and statistical reliability of the data (P) were calculated
for each evaluated trait. The obtained results were considered statistically significant when P < 0.05. The first
calving age of cows ranged from 20 to 29 months, with an average of 23.7 months. We found that 1483.16 kg
(P < 0.05) more milk was produced in cows of 22.1-24 months of age compared to the cows up to 22 months
of age, and 300.35 kg milk more compared to the cows over 26.1 months of the first calving age. The milk
fat content of the first-calved cows that calved before the age of 22 months was 0.16% (P < 0.05) higher than
in the 22.1-24-month-old group of cows with the lowest milk fat content of all groups of cows. Milk protein
content was the highest in milk of cows of calving under 22 months and in cows from 26.1 months of age; it
was 0.1% (P < 0.05) higher than in the group of cows aged 22.1-24 months and 0.06% higher than in cows
aged 24.1-26 months. The number of somatic cells in milk increased with the increasing first calving age.
The number of somatic cells in the milk of cows that calved at age from 26.1 months and over was 137.71
thousand/mL (P < 0.05) higher than in the group of cows up to 22 months of age.
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Cholesterol deficiency (CD) is an autosomal monogenic recessive defect in Holstein cattle [1]. Carriers of
cholesterol deficiency haplotype (CDH) have been reported to have a significantly higher genetic merit for
milk protein and fat, somatic cell score than non-carriers [2]. Our study examined the distribution of CDH
in the APOB gene in Lithuanian Holstein cows and its impacts on milk production. A total of 80 cows were
checked for the APOB mutation. Genomic DNR was isolated from the blood samples. All cows were diagnosed
by the test described by Menzi et al. [3]. In this test, a combination of three allele-specific primers was allowed
for genotype differentiation: a reverse common primer starting from a wild sequence and two forward primers
discriminating the wild sequence from a mutant. The wild forward primer ensured amplification of 249 bp, and
the mutant forward primer produced larger amplicon of 436 bp. Genotypes were determined using RFLP-PCR
and detected by performing 2% agarose gel electrophoresis of PCR-RFIP samples and evaluating fragment
sizes according to the molecular marker in UV light. Statistical analysis was performed using the statistical
program SPSS. Using the Kolmogorov-Smirnov test, we found that the values of the studied symptoms were
distributed. To evaluate the differences between genotypes, the means of the studied traits and the arithmetic
errors of the means were calculated, and the Student criterion for independent samples was calculated to
assess the statistical significance of the differences. Differences were considered statistically significant at P
< 0.05. The average carrier frequency of analysed cows was 8.77%. Non-significant differences were found
between milk production traits of carriers and non-carriers. The cholesterol deficiency haplotype status had a
non-significant (P> 0.05) effect on milk fat (P = 0.577), milk protein (P = 0.337), milk lactose (P = 0.82) and
milk somatic cell count (P = 0.710). Still, the analysis showed that the milk of heterozygous cows compared
with non-carrier homozygous cows had about 0.16% less fat, 0.05% less protein, and 0.01% less lactose. The
somatic cell count in carrier milk was about 30.9 thousand/mL less than in non-carrier Holstein cows.
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Guinea pigs have a close resemblance to humans, including comparable plasma lipoprotein metabolism
enzymes, a requirement for dietary vitamin C, similar gender plasma lipoprotein differences and equivalent
responses to dietary interventions, exercise and drug treatment, toxicity tests, and can be used as a convenient
animal model for human hepatic injury, hepatic steatosis and ultimately hepatic cirrhosis without undergoing
any genetic manipulations [1, 2]. They are also used as models to investigate the auditory system, kidney
function, osteoarthritis, nutrition, infectious diseases, and reproductive biology [1]. It is noteworthy that diet
plays a vital role in maintaining animal health and could have a meaningful impact on liver functions. The
present study aimed to assess the changes of some biochemical serum parameters associated with the liver
function and to find out the correlation between these parameters using two different diets. Housing conditions
and the experimental procedures of 12 short-haired guinea pigs served in this study were in line with EU
Directive 2010/63/EU. Guinea pigs of group 1 (n = 6) were fed for six months with commercial pellets (free of
genetically modified organisms sourced ingredients), whereas animals of group 2 (n = 6) got a diet containing
genetically modified soybeans. The reductions in aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) of 16.59%, 6.60%, 23.72% and 32.00%
were fixed in group 2, respectively, as compared with group 1. However, the albumin (Alb) value in group 2
showed an increment of 16.00% in comparison to the group 1. No marked changes between the groups were
observed in total protein (T-Pro) values. A significant strong positive correlation was noted between AST and
ALT (r = 0.80), AST and LDH (r = 0.88), ALT and LDH (r = 0.87) activity values, as well asbetween Alb
and T-Pro values (r = 0.88) in group 1 (P < 0.01). In group 2, a significant (P < 0.05) positive correlation was
determined between ALP and LDH (r = 0.48), ALT and LDH (r = 0.73) activity values, as well as between
Alb and T-Pro values (r = 0.51). The correlations between ALT and ALP, ALP and LDH activity values in
group 1, AST and ALT, AST and LDH, ALT and ALP activity values in group 2 were found to be statistically
insignificant (P > 0.05). Based on these results, we concluded that liver enzymes activity declined from 6.60%
to 32.00% in group 2, but corresponded to the established reference intervals for healthy guinea pigs; therefore
group 2 may be fed the diet without restrictions for guinea pigs used in experimental studies.
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There are many incongruencies between the natural adaptations of mice (Mus musculus) and the laboratory
conditions in which they are typically housed [1]. Therefore, environmental enrichment maybe used to increase
sensory/motor stimulation, increase natural and facilitate species-typical behavior, and provide the animals
with some degree of control over their environment [2]. Recent evidence indicates that even the addition of
simple forms of enrichment to standard laboratory cages may enhance mice well-being, including behavioral,
physiological and neurochemical parameters, as shown by reduced abnormal repetitive behavior, reduced
measures of anxiety, and/or reduced aggression and mortalities [3, 4]. A broad variety of enrichment items and
materials (various innovative elements as tunnels, toys, lily pads, mouse wedge, tent, mezzanine, bouls, etc.)
are available, but there is quite a high knowledge gap (whether they do not deteriorate the quality of scientific
data) and further investigations are essential. There is mounting evidence that enrichment can differ in its
effects on physiology and behavior between species and strains; therefore, it remains a major area of interest.
Thus, we aimed to evaluate the effects of tunnel enrichment on several mouse physiological parameters and
behavior. Eight-week-old mice of BALB/C strain (a total of 40 mice) were randomly selected and divided
into 4 groups of 10. The holding facilities were kept at a relatively constant temperature (24 + 2°C), humidity
(55 £ 5%), and a 12-hour light-dark cycle. The mice were fed with commercial rodent diet containing 19.90%
of crude protein, 12.50% of crude fat, 1.70% of crude fiber, cereals, trace elements and vitamins; they also
received ad libitum water. We varied cage enrichment across four levels: (group 1, control) without enrichment
object (no tunnel); (group 2) with an iron tunnel; (group 3) with a plastic tunnel; (group 4) with iron and
plastic tunnels. A thermal imaging camera (FLIR T640) was used for measuring eyes and noses temperatures.
A 15-minute period was chosen for assessment of behavioral patterns (rearing (R), grooming (G), heading
up and rearing (HR), sitting (S), hunching (H), heading down (HE), and stopped huddled (ST)). The eye
temperature of mice was 35.23 + 0.53°C, 34.98 £ 0.71°C, 35.45 + 0.58°C and 35.40 = 0.47°C in groups 1, 2, 3
and 4, respectively. Cage enrichment with plastic tunnels increased eye temperature by 0.47°C comparing with
cage enrichment of an iron tunnel. The nose temperature was 24.79 = 1.78°C, 25.17 + 1.74°C, 26.48 % 2.09°C
and 24.65 = 1.21°C in groups 1, 2, 3 and 4, respectively. Statistically significant R behavior in mice was noticed
among groups (y*= 14.09; P = 0.0028). The distribution of other behavioral patterns between the groups
exhibited to be statistically insignificant. To summarize, we may state that cage enrichment with tunnels does
not cause stress because temperature of eyes and noses (as indicative of the mice emotional state) remained
stable, and enrichment did not arouse abnormal behavioral pattern.
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The expression of cytokines, the main agents regulating inflammation, may be regulated by a transcription
factor NF«B [1], which, in turn, regulates numerous innate and adaptive immunological processes and increases
the expression of several pro-inflammatory genes. NFxB high activity in milk somatic cells (MSC) derived
from udders with both acute (high activity) and chronic (wide range of activity from low to high) mastitis, but
not from healthy ones, has been observed [2]. The study aim was to compare the expression of the NFKBIA
and NFxB genes in dairy cow udder parenchyma infected with coagulase-positive (CoPS) or coagulase-negative
staphylococci (CoNS) with healthy cows. A total of 36 samples were taken from udder quarters infected with
CoPS (n = 12) or CoNS (n = 12) and healthy one derived from the whole healthy udders (control, H = 12).
Animals were culled at the end of lactation (286 days; SD, 27) and showed either reproductive difficulties but
had healthy udders, or chronic asymptomatic mastitis. RNA was extracted from frozen tissue samples. Only
RNA samples with the integrity number (RIN) > 7.0 (the Bioanalyzer 2100, Agilent, Santa Clara, USA) were
selected for further analysis. The RT-qPCR method was used to measure gene expression with GAPDH and
HPRT as reference genes. The NFKBIA gene was higher expressed in CoPS than in the H group, whereas
the NFxB gene was discovered to be the least expressed in this group. Both genes in the CoNS group were
moderately expressed. An expression of NFKBIA gene is always associated with the expression of NFxB.
NFKBIA gene had an increased expression probably to reduce the expression of NFxB to protect tissue from
destruction, but further study is needed. Yang et al. (2008) [3] showed that during E. coli-induced mastitis
NF-xB signalling pathway is strongly activated, with elevated expression of this factor. The inhibition of NFKB
expression by NFKBIA in subclinical mastitis caused by CoPS is evidenced by the lower level of NFxB mRNA
and higher NFKBIA in the CoPS group than in H. These phenomena taking place in CoPS-infected tissues
may represent the activation of tissue-protection mechanisms during chronic and subclinical staphylococcal
mastitis.
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The extension of shelf-life is pivotal in the cheese industry, and the test of different conservation methods
is, therefore, necessary. In this context, this work aimed at evaluating the effect of storage temperature and
packaging material in ewe’s cheeses quality along a period of 4 months’ storage. Cheeses were produced
from raw ewe’s milk produced by animals of two Portuguese breeds (Bordaleira Serra da Estrela and Churra
Mondegueira). They were stored under different conditions: under refrigeration and in a chamber with
controlled temperature and RH, packed in vacuum and using two different plastic films. The ewe’s cheeses
were analysed in three different moments: on day 1 and again after 2 and 4 months. The samples were
evaluated for moisture, water activity, colour, texture, and also sensory characteristics, involving a descriptive
test (appearance, aroma, taste, texture, global appreciation) made by 25 untrained panellists.

The results showed that the cheeses stored in polyolefin film developed moulds after 20 days, because the
moisture content and water activity were high at the beginning of storage, although they decreased along
storage time, particularly for the cheeses that were not packed with plastic films. With respect to colour, the
vacuum packed cheeses stored in the chamber presented a uniform colour along storage, with high lightness
and low yellowness. The texture results revealed that the harder cheeses were those stored in the chamber
after 4 months, while the stickier were the ones packed in plastic after the same 4 months. The sensorial tests
showed that the refrigerated cheeses were the most appreciated, followed by those stored in the chamber with
vacuum package. Because these cheeses are a soft paste cheese type, and this characteristic is pivotal for their
appreciation and valorisation by consumers, the buttery characteristics were analysed and they showed high
differences according to the storage conditions or type of package. In conclusion, the storage conditions and
duration, as well as the packaging material, exert a great influence on the physical characteristics and sensorial
properties of ewe’s cheeses.
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Each breed of horses has its own set of evaluation standards, and body composition has long been an
essential indicator of working capacity. Aspects of body shape and size correlate directly with movement
characteristics, making it easier to select horses for certain use [1, 2]. Therefore, this study was designed to
perform a Zemaitukai horse breed comparative analysis between X and Y studs by evaluating the horses’
exteriors, body measurement indices, temperaments, and keeping conditions. Research was carried out with
a total of 12 horses, each stud farm consisting of 6 Zemaitukai breed horses (n = 6 horses/stud farm), which
were selected by sex (4 mares and 2 stallions were selected from each stud) and age (the average horse
age was 10 years old). The horses were assessed on their exterior according to a certain feature, 24 body
parts measurements and their indices, temperament according to positive and negative traits, and keeping
circumstances. The exterior of the horses showed that statistically significantly higher measurements were
obtained for Zemaitukai horses bred in the Y stud farm: a significantly longer average forearm length by 1.8
cm, an almost 10 cm wider pelvis, and 5.4 cm longer foreleg length from wrist joint to hoof, compared to
horses bred in the X stud farm (P < 0.05). Horse body size indices (foreleg length from heel to hoof; large
body format; small body format) revealed that the X stud farm had 5.5, 2.8, and 6.6 cm lower indices than the
Y stud farm (P < 0.05). Compared to the exterior of the horses according to the calibre type, the horses of the
Y stud farm scored 0.8 points more than the X horses (P < 0.05). However, the horses from the X stud farm
had a higher ossification of the fore cannon and the hind cannon (P < 0.05). After assessing the temperament
of Zemaitukai horses, it was discovered that the horses from the X stud farm possessed a greater number of
positive character qualities. These horses displayed features of peace, comfort, and energy for the most of the
time. The Y stable had generally peaceful horses, but after evaluating the negative attributes, more of them
were discovered on the X stud farm, primarily impatience and challenging management. The horses were
more difficult to manage in the Y stud farm, even though the total number of negative features was lower. As
an outcome, both studs possessed more positive than negative temperament traits. Examining the conditions
of keeping Zemaitukai horses in X and Y stud farms revealed that horses are kept in different types of stables:
the X stud farm had a pen system (n = 1 horse/pen), and the Y stud farm had a fencing system. However,
the housing systems of both stud farmsmet the requirements. Overall, while the research provided relatively
comparable findings, only a few significant differences in the exterior, body measurements, and indices of
X and Y stud farm horses were detected. Despite varied horse-keeping practises, there were not enough
significant differences in the traits studied, and no clear trend was revealed.
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The study aimed to assess the effect of training on skeleton dimensions to understand changes connected
with the horse OCD status of horses. Muscle and bone tissue respond to early training to varying degrees [1],
and the lack of exercise delays the development of the musculoskeletal tissue of horses [2]. Young warmblood
horses trained under controlled conditions on performance riding tests were investigated (19 stallions and 50
mares). Horses were 1249 days old (SD, 114.6). The average height at withers was 164.5 cm (SD, 3.02) with
a circumference of the chest 189.8 cm (SD, 4.04) and 20.77 (SD, 0.78) for the fore limb (cannon bone). The
average quality of their conformation was 78.15 (SD, 1.13) on a scale of 0—100 points. Lateral x-ray images of
each hock joint were performed twice at the beginning and the end of the training. To characterize the changes
in the dimensions of the hock joint area, 14 measurements of the hock joint were made (VetRay Vision 4.4.7
Vet Xp / 2000 software). The influence of investigated factors on the joint measurements was analyzed using
Proc Mixed from the SAS program for all 191 observations. The statistical model included a random effect of
the horse (69), fixed effects of training center (Bogustawice, Bialy Bér), sex (stallion, mare), limb (left, right),
training (investigations before and after training) and regression on age in days. The post-hock test for LSMs
was used to evaluate differences between individual classes of the effects. The associations between measured
parameters of hock bones structures were achieved using partial correlation analysis. The MANOVA statement
in the GLM procedure of the SAS program corrected calculations for factors influencing the results (training
center, sex, limb, training, age). Partial correlations between investigated measurements are presented for
all Pvalues levels. The training effect has the most significant influence on changes in the bone dimensions
of young horses. It was statistically significant for all parameters on the level of P < 0.001. Gender turned
out to be another important factor being significant for 11 of 14 measured parameters. The age effect was
significant for two measured parameters. The right-left limb dimensions were different for five parameters,
and the training center for one. The parameters characterizing the calcaneus were the most strongly correlated
with each other and the other parameters. Obtained significant correlations are mainly between 0.28 to 0.5.
Based on conducted research, it can be stated that training has a significant influence on the horse hock joint
dimensions, so it should be taken into account by radiographic evaluation of the horse’s health status.
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The main goal of successful animal husbandry is to quickly raise healthy, good offspring of a genetic breed.
This can be achieved by applying innovative advanced technologies. Superovulation and embryo transplantation
are one of the reproductive technologies capable of increasing animal productivity [1]. Nowadays, embryo
transplantation technology is considered a key technique required to achieve good results in various artificial
insemination technologies, especially in vitro fertilisation and animal cloning [2]. However, with innovative
methods of improving reproduction, the success rate in farm practice is relatively low. There are many limitations
associated with the internal and external factors that influence the success of these methods. Such factors
include the choice of oocyte production methods, donor variety, and reproductive status. The influence of
ovarian dysfunction on oocytes production and fertilization is increasingly being investigated. Finding ways to
successfully obtain oocytes from donors without compromising their ovarian function and without prolonging
recovery time is an increasingly widespread procedure around the world, ovum-pick-up (OPU), in which
oocytes are obtained from secondary follicles [3]. The aim of this study was to investigate the influence of the
reproductive status of cows on the success of the OPU procedure and embryo yield. For oocytes aspiration
the donor cows (n = 20) were selected of the reproductive status (healthy group — cows without functional
reproductive disorders, recovered group — cows after treatment of functional reproductive disorders, i.e., cysts,
hypofunction). For this study, the Holstein cows (n = 20) in the 1% to —4" lactation, 60—100 days after calving
with an average annual milk yield of 7.000-7.500 kg were selected. Oocyte aspiration was performed using
the OPU procedure after hormonal stimulation. After oocytes aspiration, they were classified according to
the expansion of the cumulus cells into classes. Quality grading (A, B, C, D) of the oocytes was performed
on the basis of cumulus cell development and homogeneity of cytoplasm according to Chaubal et al. (2006)
[4]. A total of 81 COCs were aspirated from ovaries. Only normal COCs (Class A and Class B) were used for
maturation and fertilization. In vitro matured COCs were fertilized with frozen-thawed unsorted sperm. After
fertilization, the embryonic cleavage was evaluated within 48 hours (cleavage rate). In the group of healthy
cows, 31.91% of Class A oocytes were aspirated and 25.53% of Class B oocytes, of which 45.45% of Class A
matured, and 27.27% of Class B matured. In the group of treated cows, 32.35% Class A oocytes and 23.32%
Class B oocytes were aspirated of these, and 37.5% of Class A and 25% of Class B matured. In the assessment of
oocyte fertilisation in the groups, we found that in the group of healthy cows, Class A oocytes were fertilised by
9.09% more (P < 0.05) in the group of healthy cows. In conclusion, this study shows that the OPU procedure
can be performed on both healthy cows and cows with reproductive dysfunction, but the OPU procedure
should only be performed on healthy cows to achieve higher embryo yields through hormonal stimulation.
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