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THE EFFECT OF HIGH-ENERGY DIET ON
PROGRESSION OF DIABETES MELLITUS IN
SPONTANEOUS DIABETIC RATS

RUDOLF DUPAK, ANNA KALAFOVA, MONIKA
SCHNEIDGENOVA, JANA HRNKOVA, MARCELA CAPCAROVA

Department of Animal Physiology, Faculty of Biotechnology and Food
Sciences, Slovak University of Agriculture in Nitra, Trieda Andreja
Hlinku 2, 949 76 Nitra, Slovak Republic

Corresponding email address: xdupak@uniag.sk

ABSTRACT

The influence of high-energy diet on Zucker diabetic fatty rats was
evaluated. Zucker diabetic fatty rats were divided into three groups —
non-diabetic (lean), diabetic with normal diet and diabetic with high-
energy diet. A high-energy diet was composed of 30 % saturated fatty
acid, 5% starch and 15% disaccharides (20 MJ.kg?). Our results suggest
that addition of high-energy diet in ZDF rats increased and significantly
influenced body weight, water intake and blood glucose levels (P <
0.001) against non-diabetic ZDF rats. Supplementation of high-energy
diet had inclination to Diabetes mellitus and leads to obesity,
hyperglycaemia, and other diabetic complications. Our study confirmed
that high-energy diet shorted prediabetic state and accelerated the onset
symptoms of Diabetes mellitus in animal models.

Keywords: diabetes; high-energy diet; hyperglycaemia; ZDF rats

INTRODUCTION

Diabetes mellitus type 2 (DMT2) is most prevalent type of diabetes and
is significantly increasing (Henning, 2018). DMT?2 is a heterogenous
group of metabolic disorders described by insulin resistance and
impaired insulin secretion and it is characterized by elevated fasting
blood glucose (Stride and Hattersley, 2002). Diabetic research is mainly
focused on exploring new substances that would serve in the regulation
or prevention of diabetes. Animal models have a long history in this field
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of research and play an important role (Rees and Alcolado, 2005; Dupak
et al., 2020). These models reflect glucose intolerance, obesity,
dyslipidaemia, hypertension, and other diabetic complications in human
DMT?2. Several genetic and environmental factors contribute to the
causes and progression of diabetes. High-energy diet is one of the most
important environmental factors, which contributes to the prevalence of
obesity (Schrauwen and Westerterp, 2000; Capcarova et al., 2018). The
acceleration of DM symptoms is interesting as it can be effective in use
of animal models to shorten the duration of the experiment (King, 2012).
The aim of this study was to determine the effect of high-energy diet on
onset and progression of DMT2 in Zucker diabetic fatty (ZDF) rats,
which allows a better understanding of effects of high-energy diet on
shorten of prediabetic state in research of DM in spontaneous diabetic
rats.

MATERIAL AND METHODS
Animals and experimental design

A total of 30 male ZDF rats were used in the experiment. ZDF rats were
divided to three groups as follows: L (lean, non-diabetic control, n = 10),
ND (diabetic with normal diet, n = 10) and HD (diabetic with high-
energy diet, n = 10). Animals were obtained from Breeding Facility of
the Institute of Experimental Pharmacology and Toxicology (Dobra
Voda, Slovak Republic, SK CH 24016) in the age of 12 weeks. ZDF rats
were housed in number of two rats per plastic cage (800 cm?) with a 12
hours light-dark cycle at 23 °C. All animals were provided with water
and diet on ad libitum base and the feed, water consumption and body
weight were monitored during the 8 weeks of the experiment. The
composition of feed mixture is presented in Table 1. The HD group
received modified diet where the number of calories increased
substantially (enriched KKZ-P/M, 30 % saturated fatty acid, 5 % starch
and 15 % disaccharides, 20 MJ/Kkg).
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Table 1. The composition of feed mixture

Analytical compounds (%)

Nitrogenous compounds 19.10

Dietary fibre 3.60

Oils and fats 5.10

Ash 5.85

Humidity 9.10

Additives

Vitamins E672 Vitamin A —20,000 u.m., E671
Vitamin D3 — 2000 u.m., Vitamin E
—70 mg

Amino acids DL-Methionine 1.2 g, L-Lysine 0.8 g

u.m. — unit of measure

Glucose analysis

Blood glucose was determined in 1st, 4th and 8th week of the
experiment. It was measured after overnight fasting by a FreeStyle
Optium Neo Glucose system (Abbottt Diabetes care Ltd., UK) using test
strips. Few drops of blood were taken from the tail vein of rat. DMT2
was diagnosed if the blood glucose concentration exceeded 15 mmol/L.

Statistical analysis

The data are expressed as means + standard error of the mean (SEM).
Means of the results from the treatments were compared by one-way
ANOVA test followed by Bonferroni post-tests to compare replicate
means by row. The differences were considered significant at P < 0.001,

P <0.01and P <0.05.
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RESULTS AND DISCUSSION

Diabetic animal models affected by high-energy diets that mimic
different physiological conditions in humans are commonly used in
research (Heydemann, 2016). Accelerating the onset of diabetic
complications in animal models can be beneficial primarily in terms of
time as well as economics. Diabetes mellitus begins in ZDF rats at
approximately 10 weeks of age on a normal diet (Yokoi et al., 2013). In
our experiment a high-energy diet caused a significant increase (P <
0.001) of body weight against lean non-diabetic control from the first
week till the end of the experiment. ZDF rats on a normal diet reached
the highest weight at week 8 and there was a significant increase (P <
0.001) compared to the lean group during whole experiment and a
significant increase (P < 0.01) against high-energy diet in 8th week
(Figure 1.). A weight gain is associated with insulin resistance and lack
of B-cells compensation leads to impaired glucose tolerance (King,
2012).
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Figure 1. The effect of high-energy diet on body weight in ZDF rats

L — control non-diabetic group, ND — diabetic with normal diet group, HD
— diabetic with high-energy diet group. Values are mean + SEM, a-b in
particular week means significant differences (P < 0.001), a-c and b-c in
particular week means significant differences (P < 0.01).
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The high-energy diet caused significant increase (P < 0.01) of feed
consumption when compared to the lean in the end of experiment.
Diabetic group with normal diet showed significant increase (P < 0.001)
against the lean and also HD group throughout the experiment (Figure
2.). When observing water intake, we found significant increase (P <
0.001) in high-energy group from the 4th week to 8th week when
compared to the lean (Figure 3.). A significant increase of feed and water
consumption in the diabetic rats observed also Oyedemi et al. (2011).
These increases are known markers of DMT2 in diabetic rats as well as
in humans.
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Figure 2. The effect of high-energy diet on feed intake in ZDF rats

L — control non-diabetic group, ND — diabetic with normal diet group, HD
— diabetic with high-energy diet group. Values are mean £ SEM, a-b in
particular week means significant differences (P < 0.001), a-c in particular
week means significant differences (P < 0.001), b-c in particular week
means significant differences (P < 0.05).
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Figure 3. The effect of high-energy diet on water intake level in ZDF rats
L — control non-diabetic group, ND — diabetic with normal diet group, HD
— diabetic with high-energy diet group. Values are mean = SEM, a-b in
particular week means significant differences (P < 0.001).

Fasting hyperglycaemia is one of the key features of DMT2 and is well
suited for ZDF rat model (Clark et al., 1983). After high-energy diet,
blood glucose of ZDF rats started raising significantly (P < 0.001)
compared to the lean group at all weeks and the ND group at week 1 and
4 and P <0.01 in week 8. Similarly, Magalhaes et al. (2019) found after
high-fat diet in streptozotocin male Wistar rats raised glucose values
(27.7 mmol.I"Y). In our study in the end of the experiment levels of blood
glucose in HD group were 16.55 mmol.I2.
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Figure 4. The effect of high-energy diet on glucose level in ZDF rats

L — control non-diabetic group, ND — diabetic with normal diet group, HD
— diabetic with high-energy diet group. Values are mean £ SEM, a-b in
particular week means significant differences (P < 0.001), a-c and b-c in
particular week means significant differences (P < 0.001).

CONCLUSION

Our results confirm that application of high-energy diet caused the earlier
onset of diabetic complications in ZDF rats. We conclude that high-
energy diet in ZDF rats was effective in generatinga DMT2 in shortening
the prediabetic state in order to better understanding of potential effect
of therapeutic agents in diabetic research, with metabolic characteristics
similar to those of human DMT2.
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ABSTRACT

In recent years, there has been a fundamental change among the causes
of blindness. The number of chronic, age-related diseases is increasing
and the number of infectious diseases is decreasing. In this review, we
provide basic information about the pathophysiology of the four major
ocular age-related diseases - cataracts, diabetic retinopathy, glaucoma,
and age-related macular degeneration. We focus on the specific role of
nutrition in preventing or slowing the progression of eye diseases with
an emphasis on antioxidant research.

Keywords: cataracts; diabetic retinopathy; glaucoma; age-related
macular degeneration; nutrition; antioxidants

INTRODUCTION

Epidemiological data from the WHO show that more than one billion
people worldwide suffer from a visual impairment of a different degree.
The most common causes of visual impairment with subsequent
blindness include cataracts, diabetic retinopathy, glaucoma, and age-
related macular degeneration (Kuchynka, 2016; WHO, 2019; Heruye,
2020). The goal of many research projects is to understand the
mechanisms of development of these diseases and to find a way to
prevent their occurrence or slow down progression. One such factor with
a significant impact on the development of ocular pathology is nutrition,
especially nutrients with antioxidant and anti-inflammatory effects, such
as carotenoids, bioflavonoids, antioxidant vitamins, omega-3 fatty acids,
selected minerals and microelements (Heruye, 2020; Xu, 2020;
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Francisco, 2020). The influence of individual components of nutrition is
monitored either experimentally on animal models, but it is also studied
in numerous, variously designed clinical studies. Despite the mixed
results, supplementation with nutrients with antioxidant properties has
proven to be a very promising alternative for the treatment of many

chronic diseases, including eye diseases (Capcarova, 2018; Hrnkova,
2021).

CATARACTS

Cataracts are still the main cause of blindness also in the 21% century,
affecting around 94 million people (Kuchynka, 2016; WHO, 2019;
Heruye, 2020). Only the inhabitants of the most developed countries in
the world have unrestricted access to surgical treatment, but to most
people on earth it still remains inaccessible. The effort to find a
compound that could prevent or slow the progression of the disease
without the need for surgery, which would mean a huge benefit,
especially for regions with limited possibilities of microsurgery
treatment comes from these factors. The main causes of cataractogenesis
are considered to be the age, genetic predisposition, congenital mutations
of proteins in lens, physical environmental influences and
overproduction of sugar alcohols due to metabolic diseases, especially
diabetes mellitus (Kanski, 2008; Kuchynka, 2016; Heruye, 2020). The
final result of all these processes is excessive oxidative stress, which
leads to exhaustion or failure of the antioxidant system of the lens with
subsequent development of cataracts, the lens loses its transparency,
vision deteriorates and without treatment decreases to the level of
blindness (Dukuran, 2006; Kuchynka, 2016; Heruye, 2020)

The results of experimental works focused on the research of the
anticataractogenic effect of various substances show that substances with
antioxidant potential are of fundamental importance. Experiments are
usually performed on animal models (most commonly Wistar rats, mice,
rabbits, dogs, etc.) in which cataract development is induced by oxidative
stress, metabolic disease (eg. streptozocin-induced diabetes), UV
radiation, or steroid administration (Yamakoshi, 2002; Dukuran, 2006;
Heruye, 2020, Hrnkova, 2021). The most frequently investigated
substances include the antioxidants vitamin C, vitamin E, glutathione,
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carotenoids, the flavonoid quercetin and the polyphenol resveratrol. The
anti-cataractogenic effect is very likely to inhibit the oxidation of lipids,
proteins, nucleic acids and peroxide formation (Doganay, 2006; Shetty,
2010; Dubey, 2016; Singh, 2019, Lim, 2020).

Among the most important clinical trials for monitoring the effect of
micronutrients on the development of cataracts are the Age-related Eye
Disease Study (AREDS) and the Roche European American Cataract
Trial (REACT). In AREDS, a positive effect of selected micronutrients
on slowing the progression of age-related macular degeneration (AMD)
was demonstrated, but there was demonstrated no effect on cataract
development. The REACT results support the statement that increased
intake of vitamin E, C and beta-carotene in the early stages of cataracts
may have a positive effect on slowing disease progression (Schalch,
2003; Chiu, 2007; Lim, 2020). The Blue Mountains Eye Study
confirmed the positive effect of a healthy diet and normal body mass
index (BMI) on reducing the risk of formation of cataracts in the
Australian population (Tan, 2019). The effect of increased intake of
vitamins A, B, C, E of zinc, copper, carotenoids, lutein and zeaxanthin
has been studied in many other studies (Glaser, 2015; Mathew, 2012;
Braakhuis, 2019; Heruye, 2020; Francisco, 2020). Unlike experimental
works, the results are still relatively contradictory and ambiguous.

DIABETIC RETINOPATHY

Diabetic retinopathy (DR) is the most common microvascular
complication of diabetes mellitus (DM) and a major cause of blindness
in the adult population in developed countries. The prevalence of DR in
2019 was around 27%, which means that out of 463 million diabetics, at
about 125 million of them was developed some form of diabetic
retinopathy (Matos, 2020). Risk factors for the development of diabetic
retinopathy include the duration of the underlying disease, insufficient
compensation of diabetes, type 1 diabetes, arterial hypertension and
dyslipidemia. After 20 years of diabetes, diabetic retinopathy occurs at
practically all patients with type 1 diabetes and at almost 60% of patients
with type 2 diabetes (Kuchynka, 2016; Matos, 2020). The basic
pathomechanism of the development of diabetic retinopathy is the
pathological effect of chronic hyperglycemia on vascular endothelium.
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At the cellular level, it is a chronic inflammation that leads to an increase
in oxidative stress with consequent damage to the retinal
microcirculation. The final consequence is pathological changes that can
result in irreversible visual impairment (Kuchynka, 2016; Kanski, 2008,
Matos, 2020).

A number of experimental works as well as clinical studies focus on the
research of substances with anti-inflammatory and antioxidant effect
with possible potential for use in the prevention or treatment of diabetic
retinopathy. Such substances undoubtedly include bioflavonoids,
especially their subgroup anthocyanins, as well as antioxidant vitamins
A, E, C, green tea extracts and many others (Lee, 2010; Wu, 2014; Wong,
2018; Matos, 2020; Dupak, 2021). In animal models, most often in rats
with streptozocin-induced type | diabetes, their positive effect on
slowing the development of complicated stages of diabetic retinopathy
was proved, mainly due to their high antioxidant potential, effect on
sugar and lipid metabolism and positive effect on insulin resistance
(Matos, 2020).

Antioxidant supplementation has also been studied in clinical trials on
patients with diabetes mellitus as well as on healthy population at risk of
developing diabetes. The effect of quercetin and myricetin on the
development of diabetic complications with a proven slowing of disease
progression was studied on more than 10,000 participants (Matos, 2020).
Mahoney et al. studied the effect of high levels of flavonoids in the diet
on a sample of 381 diabetics. They found that such an enriched diet
reduced the risk of disease progression by 30%. Positive effect of
anthocyanins have been demonstrated on the reduction of inflammatory
markers in the blood of diabetics, the improvement of glycated
hemoglobin levels and glycaemia (Matos, 2020). Great attention is
focusing on the so-called pycnogenol, a substance derived from maritime
pine (Pinus maritima). Several clinical studies have confirmed that with
a sufficiently long period of antioxidant supplementation with
representation of pycnogenol slows the progression of diabetic
retinopathy, improves retinal morphology, and stabilizes visual function
(Matos, 2020). Despite these encouraging results of some studies, it is
not yet possible to draw generally valid conclusions. The individual
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studies are designed in a very diverse manner and therefore the results
cannot be clearly interpreted.

AGE-RELATED MACULAR DEGENERATION

Age-related macular degeneration (AMD) is a degenerative, progressive
disease of the central part of the retina. The exact cause is unknown, the
main proven risk factors include age, heredity, race and smoking. It
occurs in two forms, most cases have so-called dry form, only in about
20% of cases an aggressive so-called wet form is developed, which is the
cause of almost 90% of blindness in developed countries (Kanski, 2008;
Kuchynka 2016; Bagheriova, 2020). Therapy does not exist yet, the wet
form can be put into a stabilized inactive state by injecting biological
treatment directly into the vitreous of the eye. To prevent the progression
of the dry form, compouds with a precisely defined antioxidant
composition, which were developed based on the AREDS / AREDS2
study (see tablel), are given.

The AREDS study is currently considered as the basic study of the effect
of nutrients on eye diseases, according to which other similar clinical
studies are being designed. It was performed on 4,757 patients aged 55-
80 years with a diagnosis of AMD or cataracts, or both, and lasted 5
years. Various combinations of vitamin C, E, beta-carotene, zinc and
copper were tested. In 2006, the AREDS2 study began and included
4,203 subjects aged 50-85 years, exclusively with a diagnosis of AMD.
Lutein and zeaxanthin were added to the substances studied in the first
study and beta-carotene was excluded. The main findings of the
AREDS/AREDS2 study are that increased intake of selected
micronutrients reduces the risk of advanced AMD progression by up to
25%, but has no effect on cataract development and its progression. At
the same time, the study recommends to smokers to avoid increased beta-
carotene intake, due to the higher risk of developing lung cancer, and
prefer formulas with the composition tested in AREDS2 (Schalch, 2003;
Chew, 2012; Glaser, 2015; Francisco, 2020). Both studies result in
commercially available preparations with AREDS/AREDS2
compositions which are a common part of the treatment of patients with
dry form of AMD.
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Table 1. Compounds according to AREDS/AREDS? study

Nutrient AREDS AREDS?
Vitamin C 500mg 500mg
Vitamin E 400 1U 4001V
Beta-carotene 15mg -
Copper 2mg 2mg
Lutein - 10mg
Zeaxanthin - 2mg
Zinc 80mg 80mg
GLAUCOMA

Glaucoma is defined as progressive optic nerve neuropathy that leads to
changes in the visual field, retinal ganglion cells die, what leads to
gradual irreversible loss of vision (Kanski, 2008; Kuchynka 2016;
Bagheriova, 2020). According to the WHO, there are currently more than
70 million people with this diagnosis, of which about 11 million are blind
(WHO, 2019). The disease is multifactorial, the exact pathomechanism
of the development of glaucoma changes has not yet been clearly
described. The main risk factor and at the same time the only one that we
can therapeutically influence is high intraocular pressure. Chronic
elevation of intraocular pressure damages the optic nerve and retinal cells
mechanically and by ischemia due to hypoperfusion. Treatment is aimed
at reducing the pressure with medication or by surgery, despite that, there
is a group of patients with continued progression of changes, even with
good compensation of the ocular pressure values. Normotensive
glaucomais a separate unit where the glaucoma neuropathy develops and
intraocular pressure is within normal limits (Kanski, 2008; Kuchynka
2016; Bagheriova, 2020). The influence of other mechanisms, such as
toxic, immunopathological reactions and the influence of oxidative stress
are expected. It was proved that oxidative stress damages individual
structures of the eye and leads to very early morphological changes in
the preclinical stage of glaucoma. In this context, antioxidant
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supplementation appears to be a possible way of treatment, especially in
the early stages, unless irreversible changes have occurred yet (Garcia-
Medina, 2020; Francisco, 2020).

Experimental studies are most often performed on rodents, rabbits, but
also dogs (beagles). In rats, the positive effect of vitamin A and vitamin
E on the reduction of ganglion cell apoptosis by the mechanism of their
action against lipid peroxidation was demonstrated. Vitamins of group B
in experiments on mice have shown a protective effect on mitochondria
and slowed down the process of reducing the number of nerve fibers
from the optic nerve. Coenzyme Q was administered to rats in the
vitreous. It has been researched, that it has a protective effect on
iIschemia-damaged retinal ganglion cells. Gingko biloba extracts have a
significant anti-inflammatory, antithrombotic and vasoprotective effect.
In experiments in rats, the protective effect of mitochondrias in particular
has been demonstrated. Resveratrol was injected into the anterior
chamber to rats. Its protective effect on ganglion cells is most likely
based on a reduction in the level of reactive oxygen species in the
ischemic retina (Garcia-Medina, 2020; Ramdas, 2018). Although many
of these experiments have shown very encouraging results, we cannot
simply extrapolate them to human medicine.

Antioxidant supplementation has also been studied in clinical trials on
patients with glaucoma. A positive effect of increased intake of omega-
3-unsaturated fatty acids on improved results of findings in visual field
at glaucoma patients has been demonstrated. Gingko biloba, given
especially to patients with normotensive glaucoma, improves visual field
findings, has a neuroprotective effect and has a positive effect on the
rheological properties of the blood, all leading to improved retinal and
optic hemodynamics (Garcia-Medina, 2020). Anthocyanins, substances
highly present in fruit berries, are flavonoids with significant antioxidant
potential. They have an antiplatelet effect, normalize endothelin level
and thus improve ocular microcirculation. A study of blackcurrant
anthocyanins found a significant decrease in intraocular pressure and
improvement in the visual field (Oghuro, 2012; Oghuro, 2013). Some
studies have shown a positive effect of some flavonoids, glutathione and
nitrates contained mainly in dark green leafy vegetables on slowing the
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progression of glaucoma changes, as well as the effect of green tea
extracts and many other substances (Kang, 2016).

Due to the fact that this is an incoherent group of studies, it is necessary
to evaluate the results with some reservation.

CONCLUSION

Millions of people around the world suffer severe visual impairment and
loss of vision due to chronic eye diseases, and their number is growing
every year. Vision loss has a significant impact on the quality of life of
the affected individual, reduces his/her independence, mobility,
increases the risk of injuries, worsens his/her social role, he/she often
loses employment, which can lead to mental disorders and social
isolation. There are also significant economic consequences for society,
both in the form of ever-increasing health care costs and indirect losses
resulting from reduced productivity, the inability to improve
qualifications, the need to pay early or disability pensions. Although
modern medicine provides a wide range of diagnostic and therapeutic
procedures for a large number of eye diseases, they are very difficult to
approach or inaccessible to most of the world's population. Therefore, a
number of experiments and studies are being made, focusing at
researching new methods that could prevent the progression of disease
changes. The impact of nutrition and especially the increased intake of
antioxidants has been the subject of interest in recent years. Very positive
results are brought mainly by experimental work on animal models, to
which can be implemented the nutrition of individual nutrients with the
expected positive effect in humans, or examine the impact of high and
low energy diet on individual parameters of homeostasis and overall
condition of animals, all in an environment with stable conditions and
strict control of the animal regime. Clinical studies, on the other hand,
do not yet bring such convincing results, as real-life conditions differ
significantly from the laboratory environment. Further research will be
needed to understand the exact mechanism of effect of individual
antioxidants on pathological processes, as well as to determine the
optimal dose of individual substances while maintaining safety for the
organism.
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ABSTRACT

This review aims to summarize the presence of 6 major mycotoxins in
maize and alfalfa silage from countries of Europe and focuses on their
regulation and prevention in feed and food. Contamination of feed with
mycotoxins is constantly one of the most observed topics, and their
content should be monitored due to threats to human and animal health.
Ruminants are exposed to this risk through silage, so precautionary
measures are taken before and after harvesting, as well as proper silage
management. Deoxynivalenol had the highest concentration in all
samples of maize silage, followed by zearalenone and fumonisins. The
most observed mycotoxin in alfalfa silages was deoxynivalenol, and the
second one was zearalenone. In maize silage, the permitted limit for
zearalenone was exceeded in two studies, while in alfalfa silage, the limit
for any of the mycotoxins was not exceeded.

Keywords: mycotoxins; maize silage; alfalfa silage, Europe

INTRODUCTION

Many species of microscopic fungi are able to produce secondary
metabolites (mycotoxins) that have harmful effects not only to animals
but also to humans, and in addition their presence in feed poses a threat
to food safety (Fabiszewska et al., 2019). As Gallo et al. (2021) reported,
mycotoxins are a result of the secondary metabolism of microscopic
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fungi, also characterized as low molecular weight products, produced
primarily by Aspergillus, Penicillium and Fusarium species. Most
studies have focused on the occurrence and incidence of mycotoxins in
feeds made from cereals. However, the wide range of mycotoxins present
in preserved feeds has led to the study of hay and silage (Dagnac et al.,
2016). Cogan et al. (2016) are of the opinion, that there is relatively little
research focused on the concentration of mycotoxins in silages, as this
may be a potential source of infection and a risk to animal health.
Likewise, Del Palacio et al. (2016) focused their attention on
contaminated feed as one of the main risk factors for ruminant health.
According to JovaiSiené et al. (2017), the ingestion of feed contaminated
with mycotoxins is most often chronic, accompanied by reduced intake,
production, and fertility. Other concomitant symptoms of mycotoxicosis
include diarrhea, fever, or itching and bleeding. Mycotoxins may also be
present in animal products, posing a risk to human health (Cogan et al.,
2016). Therefore, Gallo et al. (2021) and Ogunade et al. (2018)
recommend the use of high-quality silage without toxins and undesirable
microorganisms to ensure animal health. Ensuring quality and healthy
feed is relatively challenging, as the regulation of mycotoxins in the field
is difficult (Gallo et al., 2021). There are many factors influencing the
formation and development of mycotoxins, such as inappropriate storage
and handling conditions (Juan et al., 2020), but also factors beyond
human control (climate change, alternating periods of drought and rain,
weather during growth, flowering, and harvesting) (Biomin, 2021).
Kosicki et al. (2016) point to at least some possibilities for reducing the
growth of microscopic fungi and the production of mycotoxins, namely:
pre-harvest control, appropriate harvest management and adequate
storage conditions.

The aim of this article is to provide information on the occurrence and
concentration of mycotoxins in maize and alfalfa silages in some
countries of the Europe, and on the prevention of microscopic fungi in
silages. The review is focused on the 6 main groups of mycotoxins:
aflatoxins, zearalenone, T-2 toxin, ochratoxins, fumonisins and
deoxynivalenol.
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CONTAMINATION OF MAIZE SILAGES

Several studies point to the fact that contamination of feed and food with
mycotoxins is a global problem. Biomin (2021) published the results in
an annual report, according to which the incidence of mycotoxins
(aflatoxins, zearalenone, T-2 toxin, ochratoxins, fumonisins and
deoxynivalenol) in Europe ranges from 47-62%. Mycotoxins can be
produced (formed) in maize silage from pre-harvest or post-harvest
species of the genus Fusarium, Alternaria, Penicillium and Aspergillus
(Dagnac et al., 2016; Panasiuk et al., 2019). Very often, maize is
contaminated with fumonisins, with the participation of other
mycotoxins (Kosicki et al., 2016). This is also proven by the latest results
from Biomin (2021), because in Northern Europe most samples were
contaminated with fumonisins, and in Italy all tested samples of maize
silage (n=58) were positive for fumonisins. However, deoxynivalenol
still poses the greatest threat, contaminating 97% of samples in France,
90% of samples in Germany, 92% of samples in Romania and 68% of
samples in Ukraine. Compared to 2019, mycotoxin levels decreased but,
conversely, zearalenone increased and for instance in Hungary, up to
71% of samples were positive for zearalenone (Biomin, 2021).

Table 1 Average concentration of mycotoxins in maize silage from some
European countries in terms of 12% moisture

Mycotoxin (ng.kg™)

AFL | ZEA | T-2 | OTA|FUM | DON | Country | Reference
100 6230 (1990 | - | - | 21800 | Lithuania | Yor*Ioves
- | 2558 | - - | 565.1° | 1316.4 | Spain et[;f‘g’;?)cm

Rodriguez-
03 | 614 | - - | 669.9° | 297.2 | Spain Blanco

etal., 2019
01 | 611 | 1.7 | 16 | 192 | 557.2 | Poland et';fs'g‘g'm
- |20850| - | - - | 2805.0 | Germany | _ P

25 |



NutriNet | 2021
Biomin,
- 18.0 - - 4210.0 | 160.0 Italy 2021
a i ) i ) Gallo
20.2 1949.2 Italy etal., 2021

AFL - aflatoxins, ZEA - zearalenone, T-2 - T-2 toxin, OTA - ochratoxins,
FUM - fumonisins, DON - deoxynivalenol, 2 - AFB1, "¢ - FB1 + FB2, -
not detected

CONTAMINATION OF ALFALFA SILAGES

Silage is considered a high-value feed in many countries and, in addition
to maize, other crops are often ensiled, such as alfalfa (Vaiciuliené et al.,
2020; Rodriguez-Blanco et al., 2019). Relatively few authors deal with
the occurrence of mycotoxins in alfalfa silage in Europe. Rodriguez-
Blanco et al. (2019) found aflatoxins in only one sample of alfalfa silage
and the presence of other mycotoxins was ruled out.

Table 2 Average concentration of mycotoxins in alfalfa silage from
some European countries in terms of 12% moisture

Alfalfa silage
Mycotoxin (ng.kg™)

AFL T ZEA (T2 [OTA | FUM TDON Country | Reference
- ] ] . . Vaiciuliené
0.6 237.6 | 44.0 484.0 | Lithuania etal., 2020
Czech Skladanka
- 67.5 - - - 652.7 Republic | etal., 2017
Czech Hodulikova
] 04 | - - - | 48] pepublic | etal, 2016
Rodriguez-
2.7° - - - - - Spain Blanco
etal., 2019

AFL - aflatoxins, ZEA - zearalenone, T-2 - T-2 toxin, OTA - ochratoxins,
FUM - fumonisins, DON - deoxynivalenol, - AFB1, ? - AFG1+AFG2,
- not detected

In contrast, in an experiment by Hodulikova et al. (2016) deoxynivalenol
predominated, and besides it, they also noted the presence of
zearalenone. Hodulikova et al. (2016) further state that the preservation
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of forage did not affect the content of DON or ZEA, but its wilting may
suppress the development of mycotoxins. On the contrary, Skladanka et
al. (2019) state that the content of deoxynivalenol was reduced by
ensiling green fodder. Also, alfalfa silage in a study by Skladanka et al.
(2017) was positive for DON and ZEA, while its concentration was
almost 7 times higher than in results of Hodulikova et al. (2016).
Vaiciuliené et al. (2020) found the presence of all mycotoxins except
OTA and FUM, and according to their research, their concentration can
be reduced using herbal extracts. None results of the authors listed in
Table 2 exceeded the maximum permitted levels of mycotoxins in
complete feedstuffs for adult ruminants.

REGULATION AND PREVENTION

Stoskus et al. (2019) point out that it is necessary to focus on quality and
safety, as human and animal health is endangered by feeding low-quality
silage to animals. On the surface of each plant there is an epiphytic
microflora, which also includes microscopic fungi, which can produce
mycotoxins in the pre-harvest and post-harvest stages. (Skladanka et al.,
2017; Dell’Orto et al., 2015). According to this knowledge, preventive
measures should be implemented before ensiling, and it is appropriate to
continue them during ensiling by applying good manufacturing
practices. These procedures include ensuring the appropriate dry matter
content, maturity stage, correct cut length and particle size of mass,
selecting the appropriate covering material and, in addition, correctly
assess the size of a silo to the feeding speed of animals. (Dell Orto et al.,
2015). According to Skladanka et al. (2017), the effect of mycotoxins
can also be suppressed by using silage additives based on either
biological or chemical origin. On the other hand, Vaiciuliené et al. (2020)
recommend the use of oregano or thyme extract, or a combination of
these herbs with additives. To ensure human and animal health, many
countries have established regulations of maximum levels for
mycotoxins in feed and food. (Magnoli et al., 2019). These regulations
have been implemented in more than 100 countries and therefore differ
greatly from one another. The European Union has introduced one of the
most extensive and detailed regulations, that has set for all its member
countries (Magnoli et al., 2019; Pinotti et al., 2016). Commission
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Directive 2003/100/EC, Commission Recommendation 2006/576/EC a
Commission Recommendation 2013/165/EU  specify maximum
acceptable levels of mycotoxins in individual animal feeds. The
maximum levels for mycotoxins in complete feedingstuff for adult
ruminants are as follows: aflatoxin B1 20 pgkg?!, zearalenone 500
ng.kg?l, T-2 toxin 250 pg.kg™, deoxynivalenol 5000 pg.kg™, ochratoxin
A 100 pg.kg™ and fumonisin B1, B2 separately or in combination 50 000
ng.kg? (Commission Recommendation, 2013; European Commission,
2006; European Commission, 2003).

CONCLUSION

The production of high-quality and health-friendly silage is relatively
complicated, but with the help of proven procedures it is easier to
implement. In addition, mycotoxin contamination has a negative impact
on human and animal health, causes economic losses, and is not only a
problem in Europe but worldwide. Maize silage was contaminated with
fumonisins, with the participation of other mycotoxins (most often DON
and ZEA). The authors didn’t find fumonisins in alfalfa silage; on the
contrary, the greatest was deoxynivalenol. Due to the presence of
mycotoxins, the European Union has set regulation with maximum levels
of individual mycotoxins in feed and food. Many authors state that to this
issue is not given enough attention, and therefore searching for the best
and safest solutions to reduce the development of mycotoxins. These
include the use of herbal extracts and silage additives (although their
positive effect has not always been demonstrated). It has been shown that
the suppression of the development of mycotoxins can be effectively
achieved by wilting the forage before ensiling. Firstly however, the
attention should be focused on preventive measures before ensiling, and
continue during preservation, storage and feeding silage to animals.
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of additives in animal nutrition for nutrients transformation improve with
the accent on quality, safety and sustainability of animal production.
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ABSTRACT

The aim of this work was to verify the possibility of substituting soy
extract meal with meal from dehulled lupine seeds of the white Zulika
variety in feed intended for feeding broiler chickens. The possibility of
50% and 100% substitution was selected for experimental observation in
complete broiler chicken feed. Broiler chickens were observed
separately according to their sex, and without sex distinction, to study
the influence of the substitution on their yield and slaughter value.
During our observations, we focused on white lupine as a promising
commodity because it can be successfully grown under the climate
conditions in the Czech Republic, and given that the content of crude
protein in its seeds is comparable with the content of crude protein in soy
seeds. White lupine contains high quality protein and quality oil, with a
desirable ratio of n-3 and n-6 fatty acids. The benefit of using lupine seed
products is that they do not have to be heat treated and can be fed in their
natural form. Furthermore, lupine seeds are not a genetically modified
organism. Statistically significant (P < 0.05) differences were captured
among the mean values for neck yield in chickens and broiler chickens
observed without sex distinction, in heart yield in roosters, and in breast
muscle yield in chickens, although we believe that these significances
are not in direct relation with lupine in the complete feed in the form of
lupine meal. The achieved results confirm that soy extract meal intended
for feeding broiler chickens can be substituted with dehulled lupine seeds
without reducing the production efficiency of this feed. Based on the
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results achieved and based on a number of experiments and operational
observations, substituting 50% of soy extract meal with lupine meal can
be recommended to breeders, farmers and the feeding industry.

Keywords: soy extract meal; lupine meal; broiler chickens; slaughter
value

INTRODUCTION

In European countries, efforts are focused on breeding and increasing the
production of protein commodities. For these reasons, it is necessary to
especially focus on European culture crops with a high content of crude
protein, while also focusing attention on the quality of protein
commodities, which is given by the amino acid spectrum. The highest
ratio of protein commodities is primarily intended for feeding food
animals, where this feed represents an irreplaceable component in the
make-up of feed doses and optimizing feed. However, the high price of
imported soy commodities and the issue of genetically modified crops,
including soy varieties, are exerting pressure to produce other protein
feed.

The Lupinus genus is part of the legume family of plants (Fabaceae).
Forty-four genera have been identified in the Czech Republic. It is
typical for the majority of species in this group of plants to have tuberous
bacteria with nitrogenous bacteria on the roots, which bonds with
atmospheric nitrogen, thereby contributing to improving the soil. From
the botanical viewpoint, as stated by Pelikan et. al (2012), the legume
family has characteristic flowers merged into grape-like flowers, and the
pollination of generative organs is provided by insects. One of the most
common herbs in our countryside is Lupinuspolyphyllus, originally a
herb from North America, which is now widespread throughout Europe.
Due to its high content of protein in its green matter and especially in the
seed, culture varieties of lupines have been developed. It is estimated that
there are over 250 individual varieties grown worldwide. It is often
labelled as a ‘sweet lupine’. Unlike the wild species, they have a minimal
content of alkaloids (Pelikén et. al, 2012). Therefore, they are safe to use
in feeding farm animals, although they are also nutritious for humans.
The culture species of lupines can be divided into three groups: narrow-
leafed, white, and yellow varieties. Lucas et. al (2015) point out that
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lupines are Europe’s protein crop; the authors go on to claim that it is
necessary to create a variety of lupines for sustainable growth by cross-
breeding, with a view to obtaining high-quality protein components from
lupines and creating products that are marketable. Lupine seeds are very
beneficial in diets intended for feeding broiler chickens. Kaczmarek et.
al (2016) examined the effect of incorporating white lupine protein meal
on the yield and digestibility of nutrients in broiler chickens. The effect
of extrusion on the digestibility of nutrients, metabolized energy, and the
nutritional value of yellow lupine seeds in broiler chickens was
investigated by Rutkowski et. al (2016). The authors concluded that,
compared to raw seeds, crude fat was more digestible and nitrogen
retention was better after yellow lupine seeds had been extruded. In their
experiments, Laudadio and Tufarelli (2011) used peeled micronized
lupine (L. albuscv. Multitalia) as the main source of protein in the diet of
broilers. The aim of this experiment was to find out whether using lupine
in the diet affected growth, slaughter value, and the composition of fatty
acids in the chicken’s meat.

Our interest here was the variety of white lupines, especially the Zulika
variety, because its application in the feed industry has been verified by
biological tests in feeding ROSS 308 broiler chickens. Our results are
only the interim results of the project QJ1510136 “Optimization of the
Protein Nutrition of Monogastric Animals on the Basis of White Lupine
Seed Varieties (Lupinusalbus)”, run by the Ministry of Agriculture of the
Czech Republic.

MATERIAL AND METHODS

The intermediate goal of this work was to verify the effect of substituting
soy extract meal with meal from dehulled lupine seeds of the white
Zulika variety by means of biologically monitoring ROSS 308 broiler
chickens. The complete feed (control and experimental) had the same
component composition, except for the 50% and 100% substitution of
soy meal for lupine meal. The component composition of the
commercially produced complete feed was based on wheat meal, corn
meal, soy extract, lupine meal, soy oils and additives. The preparation of
the complete feed was based on Utility Model No. 31533. Table 1 states
the nutritional make-up of the feed. Experimental monitoring was done
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in an accredited facility of the Faculty of Veterinary Hygiene and
Ecology pursuant to technological instructions for feeding ROSS 308
broiler chickens. The experiment on ROSS 308 broiler chickens: Control
Group C0% — 80 23 (409 +4073), Experimental Group E50% — 80 &
(409 + 4073), and Experimental Group E100% — 80 @ (40Q + 403).
The broiler chickens were monitored on the 134" day of age, were
housed in deep litter, and were fed and given water ad libitni. Of the
monitored indicators, attention was focused on: live weight (kg),
conversion of feed (kg/kg of live weight), mortality of fed broilers
(number, %), and the slaughter yield of body and edible muscle and
organs. The results were processed by mathematical and statistical
methods (Unistat 5.6) using the Tukey-HSD test. The sets were
characterized by a mean value (X) and standard deviation (+ SD).

Table 1: Nutritional make-up of feed BR 1, BR 2, BR 3 of the control group
and experimental groups

Mixture BR 1

Difference Difference
Nutrient C0% E50% (%) E100% (%)
Crude
Protein 247.09 236.70 -4.21 243.19 -1.58
Fat 54.16 55.56 2.59 65.01 20.04
Fibre 26.85 23.64 -11.98 28.71 6.91
NFE 607.69 622.27 2.40 606.46 -0.20
Starch 428.07 433.96 1.38 425.27 -0.65
Organic
Weight 935.80 938.17 0.25 943.36 0.81
Ash 64.20 61.83 -3.68 56.52 -11.96
Net
Energy 19.07 18.93 -0.72 19.33 1.35
Mixture BR 2

Difference Difference
Nutrient C0% E50% (%) E100% (%)
Crude
Protein 217.07 210.64 -2.96 204.07 -5.99
Fat 65.87 73.19 11.12 78.29 18.86
Fibre 25.83 23.35 -9.59 42.59 64.88
NFE 630.06 644.09 2.23 626.89 -0.50
Starch 444.31 468.99 5.56 447.73 0.77
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Organic
Weight 938.83 951.28 1.33 951.85 1.39
Ash 61.06 48.83 -20.03 48.15 -21.14
Net
Energy 19.35 19.56 1.08 19.57 1.17
Mixture BR 3

Difference Difference
Nutrient C0% E50% (%) E100% (%)
Crude
Protein 200.07 183.41 -8.33 191.54 -4.26
Fat 62.71 79.13 26.19 90.06 43.93
Fibre 24.35 29.86 22.63 22.94 -5.80
NFE 665.44 663.04 -0.36 651.38 -2.11
Starch 492.82 487.26 -1.13 479.30 -2.74
Organic
Weight 952.57 955.33 0.29 955.92 0.35
Ash 47.43 44.67 -5.82 44.08 -7.07
Net
Energy 19.29 19.53 1.22 19.69 2.05
NFE - Nitrogen-free extracts

RESULTS AND DISCUSSION

The presented work is part of a project that has been investigating the
possible partial or complete substitution of soy extract meal with lupine
seed meal. In the first part we focused on the effectiveness of the feed,
which is characterized by the so-called Effectiveness of Feed Index
(EF1). The calculation of the Effectiveness of Feed Index is based on the
natality rate of chickens (NR), which represents the number of surviving
chickens during the whole feeding period, the average weight of the
chickens at the end of the feed (EW), the length of feeding (LF), and the
conversion of feed (EFI = (NR x AW) : (LF x CF) x 100). Table 2 shows
the achieved yield of indicators.
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Table 2: Results of the yield indicators for the fed chickens (NR — Natality
rate/survival rate, EW — end weight, LF — length of feeding, CF — conversion
of feed)

Indicator Group

P C0% 85.00
(%) E50% 90.00
E100% 95.00
C0% 2.327
'(AI;\Q)/ E50% 2.423
E100% 2.351

C0% 34

LF E50% 34

(days)

E100% 34
C0% 1.46
(ig) E50% 1.48
E100% 1.45

We calculated the Effectiveness of Feed Index (EFI) based on the results
of the yield indicators. The higher the Index, the more effective the feed.
The results in Graph 1 clearly show that substituting soy meal with lupine
seed significantly increased the effectiveness of the chicken feed. Based
on the yield indicators, the natality rate of chickens, which are the
surviving chickens housed during the feeding period, significantly
affected the increase in the EFI. We conducted several experiments in
this project, both at the university and out in the agricultural field. We
always observed a lower death rate in chickens when lupine meal was
used. This suggests that lupine diets lead to the chicken’s improved
health.

The results of the work prove that lupine seeds (lupine meal) are a
suitable protein component in broiler chicken feed, which is also in line
with the findings of Jeroch et. al (2016). Based on their experiments, the
authors claim that given the nutritional and dietary values of lupine
seeds, they are a suitable feed ingredient for practically all kinds and
categories of poultry. This shared conclusion is also consistent with the
results of our work, in which we used lupine seed meal as a substitute for
soy extract meal in feed intended for broiler chickens.
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Graph 1. Results of the EFI for chickens at 50% and 100% soy meal substitute
(Effectiveness of Feed Index, C0%, E50%, E100%)
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In this interim part of work we were interested in whether substituting
soy extract meal with lupine seeds affected the slaughter value of broiler
chickens. Ten hens and ten roosters were randomly selected at the end of
the experiment (34" feeding day), which was dictated by the mean live
slaughter weight of the relevant group. The mean live weight of the
selected group of chickens is stated in Table 3.

Table 3: Mean slaughter weight of the selected group, SW — slaughter weight,
F — chickens, M — roosters

Indicator Group F M FM
C0% 2.28 2.76 2.52

SW E50% 2.40 2.85 2.63
kg E100% 2.47 2.73 2.60

The weight of the slaughter-processed carcass (WSPC) was calculated
from the slaughter value of the broiler chickens after slaughter
processing. The calculation of the slaughter yield of edible organs and
muscles was based on the weight of the neck, the weight of the heart, the
weight of the liver, the weight of the stomach, the weight of the
abdominal fat, the weight of breast muscle tissue (both breast muscles),
the weight of the thighs (both thighs) and the weight of the thigh muscle
tissue after removing the bone. The results of the slaughter analysis are
stated in Table 4. The results show that using lupine seed as a substitute
for soy meal does not substantially influence the slaughter value of
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Table 4: The results of the slaughter analyses of chickens in %, YSPC — yield
slaughter of processed chickens, YN — yield of neck, YH — yield of heart, YL
—yield of liver, YS — yield of stomach, YAF — yield of abdominal fat, YBM —
yield of breast muscle, YT — yield of thighs, YTM — yield of thigh muscle (ab

proof P <0.05)
Indicator Group F M FM
YSPC C0% 70.04 £1.927 70.59 +£1.559 70.32 +1.729
% E50% 69.98 +2.038 70.53 +1.224 70.25 £1.661
E100% 70.37 £1.348 69.59 +1.159 69.98 +1.286
YN C0% 1.332+0.189 1.43+0.186 1.382+£0.189
% E50% 1.14°+0.112 1.36+0.213 1.250+0.201
E100% 1.284+0.090 1.35+0.127 1.32+0.112
YH C0% 0.45+0.038 0.512+0.045 0.48+0.052
% E50% 0.46 £0.050 0.44°+0.043 0.45+0.046
E100% 0.45+0.055 0.522+£0.067 0.49+0.069
YL C0% 1.97+0.191 2.03+0.213 2.00£0.199
% E50% 1.93+0.213 2.00+0.175 1.96+0.193
E100% 1.93+0.198 2.16+0.169 2.04 +£0.215
YS C0% 0.84+0.120 2.03+0.213 0.82+0.141
% E50% 0.83+0.092 2.00+0.175 0.75+0.123
E100% 0.83+0.099 2.16+0.169 0.78+0.094
YAF C0% 1.34+0.373 1.30+0.342 1.32+0.349
% E50% 1.47+0.233 1.43+0.311 1.45+0.268
E100% 1.31+0.518 1.254+0.350 1.28+0.431
YBM C0% 22.29+1.304 22.51+1.085 22.40+1.173
% E50% 20.95P+1.506 22.244+1.009 21.59+1.412
E100% 22.57%£1.192 21.79+0.993 22.18+1.140
YT C0% 17.24+1.106 18.41+1.362 17.83+1.348
% E50% 17.78+0.989 18.36+0.916 18.07+0.973
E100% 18.26+0.078 17.41+3.835 17.83+2.729
YTM C0% 13.83+1.371 14.47+1.262 14.15+1.324
% E50% 14.19 +£0.967 14.50 +0.892 14.34 £0.920
E100% 14.59 +0.823 14.85 +0.850 14.72 +£0.825

The results we obtained were in accordance with the results of the
experimental work conducted by Laudadio and Tufarelli (2011) and
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Nalle et. al (2012), who state that including lupine into the diet did not
have any negative effect on the slaughter value of broilers. Mikulski et.
al (2014) drew similar conclusions regarding the feed of turkeys, and
Laudadio and Tufarelli (2011) came to similar conclusions regarding the
feed of guinea fowl.

CONCLUSION

Based on the results obtained, it can be stated that substituting soy meal
with meal from dehulled lupine seeds was effective (evaluated based on
the calculated Effectiveness of Feed Index). This is mainly due to the
improved health of the chickens in the experimental group (evaluated
based on the significantly lower death rate — higher birth rate).

The fact that administering diets containing lupine meal does not
negatively influence the slaughter value of the broiler chickens is seen as
a positive outcome (evaluated based on the broiler chicken’s yield, edible
organs and muscles).
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ABSTRACT

Streptococcal strains of bacteria belong to the major pathogen groups
inducing those causing bovine mastitis. They not only negatively impact
economic profit due to milk losses and therapy costs, but they are an
important animal health and welfare issue as well. Thus, antimicrobial
therapy is the main way of treatment for dairy cows infected with
mastitis-causing microorganisms. However, selective pressure on
bacteria caused by excessive prescribing and using of antibiotics in
veterinary medicine, is one of the main causes of bacterial resistance to
antibiotics. In addition to the possibility of using antibacterial
alternatives, a reduction in the prevalence of antibiotic-resistant bacteria
can be achieved by combining several substances (either pure
alternatives or other substances with antibiotics) at significantly lower
concentrations than the antibacterial dose alone. The aim of this study
was to evaluate in vitro combinatory effect of gentamicin and zinc
pyrithione against three bovine mastitis strains, especially Streptococcus
agalactiae (CCM 6187, DSM 6784) and Streptococcus dysgalactiae
(DSM 20662), by the standardized microdilution checkerboard method
in 96-well microtitration plates. The minimum inhibitory concentrations
(MICs), that are necessary to evaluate the fractional inhibitory
concentrations (FICs), were determined as the lowest concentration

42 |



nET NutriNet | 2021

limiting the growth of bacteria in wells compared to a positive control
by >80%. The combinatory effect of gentamicin and zinc pyrithione was
evaluated by values of FICs indices: synergy (FICs <0.5); indifference
(FICs 0.5<4); antagonism (FICs >4). Results showed significant
synergistic effect against all tested streptococcal strains. The lowest FIC
was found in Str. dysgalactiae (DSM 20662) (FIC 0.22). However,
another tested strains Str. agalactiae (CCM 6187, DSM 6784) showed
comparable values of FICs. Regarding the synergistic effect, values of
FICs ranged from 0.22 to 0.39.

Keywords: gentamicin; zinc pyrithione; bovine mastitis; synergistic
effect

INTRODUCTION

Bacteria of the genus Streptococcus are a major mastitis-causing
pathogens present in dairy products (Forsman et al. 1997) causing also
economic losses in animal production and affecting human health
(Richards et al. 2014). Streptococcal species, Streptococcus agalactiae
and Streptococcus dysgalactiae, are the main species involved in clinical
and subclinical bovine mastitis (Lundberg et al. 2014; Richards et al.
2014), which is defined as “inflammation of the mammary gland”
(Erskine et al. 2004). The worldwide estimated economic losses of farms
caused by clinical mastitis are between $69 and $110 per cow (Hogeveen
et al. 2011). The loss comprises production losses connected with
reduced milk production, treatment losses linked to necessary remedies,
and loss of animal value due to the fibrotic changes in the udders (Jingar
etal. 2017).

The main treatment for dairy cows with mastitis is antimicrobial therapy,
but usage of antibiotics is accompanied with various disadvantages,
including a low cure rate, increasing occurrence of resistance, and the
presence of antibiotic residues in milk (Gomes and Henriques 2016).
Commonly used antimicrobial classes for the treatment of streptococcal
mastitis are B-lactams, macrolides and lincosamides (Barkema et al.
2006). However, long-term, widespread, and unreasonable use of the
antimicrobials have made bacteria more resistant. For example, the main
pathogenic Streptococcus spp. isolates that cause mastitis are resistant to
penicillin, erythromycin and enrofloxacin, or lincomycin (Klimiene et al.

43 |




nET NutriNet | 2021

2011). In addition to antibiotic therapy, there are modern approaches of
mastitis treatment and prevention including intramammary teat seals
(Kromker et al. 2014) and anti-inflammatory drugs (Breen 2017).
Nevertheless, antimicrobial resistance in mastitis-causing streptococci is
abundant and slightly increasing. The degree of resistance is strongly
dependent on the streptococcal species, antibiotic type, location, and
herd (Kabelitz et al. 2021). As more antibiotics are rendered ineffective
by drug-resistant bacteria, focus must be shifted towards alternative
therapies for treating infections (Ghosh et al. 2019). There is a number
of antibacterial and immune compounds used in livestock such as
probiotics and prebiotics (Gibson et al. 2004), synbiotics (Bomba et al.
2006), organic acids (Gibson et al. 2004), and clay minerals (Lemke et
al. 2001), but also feed enzymes and phytogenic additives may be a way
of concept in mastitis prevention (Toghyani et al. 2011). Antimicrobial
peptides, immunomodulators, vaccines or bacteriophages can also be
used for a prevention or treatment of invasive diseases, and they are often
used in relation with bovine mastitis (Bretaudeau et al. 2020).

In addition to the use of antibacterial alternatives, a reduction in the
prevalence of antibiotic-resistant bacteria can be achieved by combining
several substances (either pure alternatives or other substances with
antibiotics) at significantly lower concentrations than the antibacterial
dose alone (Soren et al. 2015).

In recent years, frequently discussed compound is the so-called zinc
pyrithione, which has strong antibacterial activity, especially against
Gram-positive pathogens (Blanchard et al. 2016; Schwartz et al. 2016).
Considering the considerable antibacterial effects of zinc pyrithione, it is
possible to test the combination of this promising compound together
with gentamicin, which has synergistic effects in combination with
various substances (Chaves & Tadi 2020). Based on the mechanism of
action of these compounds, there is a presumption of an enhanced effect,
which could lead to the application of combination gentamicin/zinc
pyrithione in practice.

The present research was carried out to evaluate combinatory effect of
gentamicin and zinc pyrithione against bovine streptococcal strains,
namely Str. agalactiae and Str. dysgalactiae, by the checkerboard
method in broth.

44|



nET NutriNet | 2021

MATERIAL AND METHODS

Bacterial strains and culture media

The bacterial type strains were purchased from the Czech Collection of
Microorganisms (CCM; Brno, CZ) and from the German Collection of
Microorganisms and Cell Cultures (Deutsche Sammlung von
Mikroorganismen und Zellkulturen — DSM; Braunschweig, DE).

The combinatory effect of tested compounds was determined against
Str. agalactiae (CCM 6187, DSM 6784) and Str. dysgalactiae (DSM
20662) that were during the experiment grown and maintained in
Tryptone-Soya broth (TSB) (Oxoid; Prague, CZ) for CCM strain and in
Tryptone-Soya broth with Yeast Extract (Oxoid; Prague, CZ) for DSM
strains. The bacterial cultures were incubated at 37 °C for 24 h under
aerobic conditions.

Evaluation of minimum inhibitory concentrations and combinatory
effect

Using guidelines of the Clinical and Laboratory Standards Institute
(CLSI 2015), the antibacterial activities of gentamicin and zinc
pyrithione were evaluated in vitro by the broth microdilution method,
modified as per the recommendations of Cos et al. (2006). The
antibacterial combinatory effect of gentamicin with zinc pyrithione was
tested in vitro using the microdilution broth checkerboard methods, as
described in the Clinical Microbiology Procedures Handbook (Leber,
2016). The determination of minimal inhibitory concentrations (MICs)
of gentamicin and zinc pyrithione, as well as determination of fractional
inhibitory  concentrations (FICs), was performed in 96-well
microtitration plates. For the testing of combinatory effects of
gentamicin/zinc pyrithione, eight two-fold serial dilutions of gentamicin
were placed in the horizontal rows of the plate and were subsequently
cross-diluted vertically by eight twofold serial dilutions of zinc
pyrithione, resulting in 64 different combinations of concentrations. The
initial concentrations of zinc pyrithione (0.5-4 pg/ml) as well as
gentamicin (2-8 pg/ml) were chosen based on the tested strain.

The bacterial inoculum was standardized to achieve a density of 5 x 10°
CFU/ml using the McFarland scale and inoculated into wells (10 pl).
Microplates were incubated at 37 °C for 24 h under aerobic conditions.
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The growth of microorganisms was assessed as the turbidity determined
by an Infinite 200® PRO microplate reader (Tecan, Miannedorf,
Switzerland) at 405 nm. The MICs were calculated as the mode of lowest
compound concentrations that resulted in an 80% growth reduction
compared to that of the compound-free growth control concentrations.
The combinatory effects of gentamicin/zinc pyrithione were evaluated as
YFIC, derived from the equation:
YFIC = FICa+ FICg

FICa = MICa in the presence of B/MICa (alone);
FICg = MICg in the presence of A/MICg (alone)

According to the value of FICs, three different types of interactions can
be defined (Odds 2003): synergy (XFIC <0.5); indifference (XFIC
0.5<4); antagonism (XFIC >4).

All samples were tested in three independent experiments, each carried
out in a triplicate.

RESULTS AND DISCUSSION

Complete results of combinatory effect testing of gentamicin and zinc
pyrithione calculated as mean values are presented in Table 1 and 2.

Results showed significant synergistic effect against all of the tested
streptococcal strains. The lowest FIC was found in Str. dysgalactiae
DSM 20662 (FIC 0.22). However, another tested strains Str. agalactiae
CCM 6187, and DSM 6784 showed similar values of FICs. Regarding
the synergistic effect, values of FICs ranged from 0.22 to 0.39.

In recent years, no comprehensive study of the combination effect of zinc
pyrithione with antibiotics has been performed. However, for the
successful implementation of combination therapy of substances, the
knowledge of their MICs, and the knowledge of the mechanisms of
action determining the character of a particular substance, is important
(Basri et al. 2014).

Zinc pyrithione is a bactericidal substance, which originates from the
naturally occurring antimicrobial substance - aspergillic acid
(Woodward 1947). Previous studies confirmed its strong antimicrobial
activity of against Gram-positive and Gram-negative bacteria (Blanchard
et al. 2016; Schwartz et al. 2016). The available data on the mode of
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antimicrobial action suggest that zinc pyrithione is membrane active
compound, as indicated by the inhibition of uptake of several unrelated
substrates in both bacteria and fungi (Chandler et al. 1978). Further
investigation on the action at the membrane suggests that zinc pyrithione
forms stable interactions with the bacterial membrane phospholipid
phosphatidylethanolamine resulting to disaggregate phospholipids on
the outside of the membrane. In addition, current voltage analysis
demonstrates that the depolarization of the bacterial membrane is
accompanied by a decrease in membrane electrical conductance in a
manner consistent with inhibition of the primary proton pump and
consistent with a mode of action of zinc pyrithione on plasma membrane
ion channels (Dinning et al. 1998a). Therefore, zinc pyrithione inhibits
membrane transport via a direct or indirect effect on the primary proton
pump that energizes transport, and the site of action of zinc pyrithione is
likely to be intracellular rather than extracellular (Dinning et al. 1998b).
Other studies on the mode of action of this substance has demonstrated
its potent bactericidal activity to be linked to the ability to chelate, for
example to form cyclic complexes with the ions of heavy metals (Albert
et al. 1956).

Gentamicin is a commonly used antibiotic in veterinary medicine which
has been used for the treatment of a wide range of infections caused by
Gram-positive and Gram-negative bacteria (Corvec et al. 2013). The
antibacterial mechanism of action of gentamicin is to bind to the 30S
ribosomal subunit, thereby inducing inhibition of protein synthesis and
causing the bacterial cell to die (Yoshizaw 1998).

By binding active hydroxyl or amine groups of gentamicin, complexes
with metals can be formed. Therefore, combination of gentamicin and
zinc pyrithione may increase the bactericidal activity of both substances.
The mechanism leading to this effect is supposed to be related with the
production of reactive oxygen species of zinc pyrithione under the
influence of gentamicin, which cause oxidative stress inside the cells
(Wang et al. 2016). Free radicals can act directly on the polyunsaturated
fatty acids present in the membranes of bacterial cells, and thus initiate
lipid peroxidation. The primary effect of lipid peroxidation is to alter
membrane properties, which can significantly damage the membrane-
bound proteins (Humphries & Sweda 1998).
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Table 1. The combinatory effect of gentamicin and zinc pyrithione against Streptococcus agalactiae.

MIC of tested

GEN + ZnP in concentration (ug/ml):

compounds 0,0625 0,03125 0,015625 0,00390625

(ng/ml):
Strain_ MIC __ MIC MIC MIC MIC MIC
StrA. GEN  ZnP GeN ¢ Gen ¢ ey FI€ Gen €
glcg'\;' 333 025 035 036 042 025 067 026 167 052

MIC of tested GEN + ZnP in concentration (ug/ml):

compounds 05 0.25 0,125 0,03125

(ng/ml):

MIC _ MIC MIC MIC MIC MIC

GEN  ZnP e ¢ Gen € ey FI€ Gen €
[6)738'\2 211 0,69 006 075 006 039 017 026 053 0,30

GEN - gentamicin; ZnP — zinc pyrithione; Str.A. — Streptococcus agalactiae; MIC — minimal inhibitory concentration; FIC — fraction

inhibitory concentration.
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Table 2. The combinatory effect of gentamicin and zinc pyrithione against Streptococcus dysgalactiae.

GEN + ZnP in concentration (ug/ml):

MIC of tested
compounds 05 0,25 0,125 0,0625 0,03125 0,015625
(ng/ml):
Strain__ MIC __MIC___MIC MIC MIC MIC MIC MIC MIC
sro. GEN ze GEN ¢ een' ¢ een C een P Gen € gen P gen P
2%362"2 094 083 002 122 002 062 008 039 009 024 014 022 070 051 077 058

inhibitory concentration
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In summary combination of gentamicin and zinc pyrithione possess
significant synergistic effect against all tested streptococcal strains
resulting of their strong activity against streptococcal species.

CONCLUSION

The data obtained during the experiment confirmed that combination of
GEN and ZnP has significant synergistic effect to bovine mastitis-
causing strains of Str. agalactiae (CCM 6187, DSM 6784) and Str.
dysgalactiae (DSM 20662). Results of this work may suggest the use of
the combination of these substances in practice. Nevertheless, these
assumptions need to be confirmed by in vivo studies.
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ABSTRACT

The purpose of this study was to determine the effect of dried bovine
colostrum on the in vitro fermentation profile in the caecum of rabbits.
The material for the study consisted of the caecal contents collected from
eight White Giant rabbits. The obtained material was mixed with a buffer
in the 1:4 ratio and homogenized. The caecal samples were allocated to
three groups: control group (C) - 1 g of mixed concentrate, groups D1
and D2 with 0.1 g and 0.2 g of dried colostrum, respectively; the samples
were then subjected to 12-hour fermentation under anaerobic conditions
at 39 °C . After fermentation, the pH value was determined, the amount
of methane produced was measured, and the level and profile of volatile
fatty acids (VFAS) were established using a gas chromatograph. In
addition, ammonia levels were determined in the samples using a
modified Conway microdiffusion method, and readings were taken using
a Lambda XLS spectrophotometer. Bovine colostrum used as a feed
substrate was collected from 9 Polish Holstein-Friesian cows of Black-
and-White variety, kept in the free-stall system and fed TMR. Before
drying, the colostrum was subjected to selection in order to eliminate
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samples of low microbiological quality. The results of the study were
statistically analysed using one-way analysis of variance (ANOVA). The
obtained results show a beneficial effect of dried bovine colostrum on
the fermentation profile in the rabbit caecum, resulting in a decrease in
the production of methane and ammonia.

Key words: rabbits, in vitro fermentation, caecum, dried colostrum,
VFA, methane

INTRODUCTION

High-yielding cows produce as much as 25 liters of colostrum in the first
day after calving, while a calf consumes about 4-5 liters; colostrum
production in sheep is 0.4 - 1.3 liters (Szulc and Zachwieja, 1998, Daels,
2006). Excess colostrum, especially of good quality, can be preserved
and then used as a source of immunoglobulins, minerals and biologically
active substances not only in calf nutrition but also in other animal
species and in human diet (Zachwieja and Knecht 1999, Huguet et al.,
2006, Nagaraja et al., 2011, Pandey et al., 2011, Zachwieja et al., 2014,
Pecka et al., 2012).

Ruminant colostrum has nutraceutical, immunomodeling, antioxidant,
and antihypertensive properties (Huguet et al., 2006, Nagaraja et al.,
2011, Mikolajczyk et al., 2019). It is full of antibacterial and
bacteriostatic substances, including immunoglobulins, lactoperoxidase,
lactenins, lactoferrin, lysozyme, and leukocytes (Gapper et al., 2007,
Boudry et al., 2008). It also contains cytokines and growth hormones that
enhance intestinal development in newborns (Palm et al., 2013, Li et al.,
2013).

Rabbits are medium-sized herbivorous mammals in which microbial
fermentation processes occur in the cecum (Kuijper et al., 2004). Volatile
fatty acids (VFA), which are produced, among others, in the cecum of
rabbits, provide 30 to 40% of the daily requirement of metabolic energy
(Engelhardt, 1995). They influence intestinal peristalsis, promote
mucosal blood flow and are responsible for the transport of chloride and
sodium through the intestinal wall (Vidyasagar and Ramakrishna, 2002).
During fermentation of the caecal contents of healthy and adequately fed
rabbits, the percentages of acetate to propionate and butyrate should be
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(respectively): 73.3-77.2%, 5.5- 7.56%, 15.12-18.90%, and the ammonia
content is about 4 mmol/l (Gidenne and Bellier 2000, Garcia et al., 2000,
Belenguer et al., 2008).

There is a close relationship between the type and abundance of bacteria
in the caecum and the level and proportion of individual volatile fatty
acids (Sirotek et al., 2004). The microbiome in the caecum of animals is
highly dependent on their diet. The feed additive introduced to rabbit diet
should not negatively affect the gastrointestinal bacteria and
consequently the fermentation processes in the caecum, whose products
include volatile fatty acids (Engelhardt, 1995, Garcia et al., 2000, Sirotek
et al., 2004, Guedes et al., 2009).

The level of volatile fatty acids produced in the caecum and their mutual
proportions may be treated as one of the exponents of appropriate animal
nutrition. Therefore, it seems important to analyze the influence of the
addition of dried bovine colostrum to feed on the level of VFAs, methane
and ammonia in the caecal content. The activity of liver enzymes in
blood is also a source of information about metabolic processes taking
place in the animal organism. The use of different feed additives affects
the stimulation of protein fraction levels and liver enzyme activity in
rabbit serum (Ahamefule et al., 2008, Dkhil and Al-Quraishy, 2010,
Ogunsan et al., 2011).

The aim of this study was to determine the effect of addition of dried
bovine colostrum on the in vitro fermentation profile in the caecum of
rabbits.

MATERIAL AND METHODS

Preparation of dried bovine colostrum

Bovine colostrum for substrate was collected during the first full milking
after parturition from 9 Polish Holstein-Friesian cows of Black-and-
White variety kept in the free-stall system and fed TMR; the animals
were in their second or third lactation. Before drying the colostrum, the
number of somatic cells and the total number of microorganisms in the
mammary gland secretion were determined with the use of Somacount
150 Bentley Instruments Inc. apparatus from each cow in order to
eliminate the samples in which these numbers exceed 400 thousand/ml
SCC and 100 thousand/ml TMC.
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The colostrum thus selected was homogenized and then dried. Drying
process was performed using a B-290 spray dryer made by BUCHII at
pressure 7.5 bar and 140°C inlet 140°C and 60°C outlet air temperature.

Animals and Nutrition

Eight White Giant rabbits were maintained until 14 weeks of age
(3454+493.27g) in stainless steel cages with ad libitum access to
drinking water and complete pellet feed according to rabbit feeding
standards (Table 1) (Gugolek, 2011).

Table 1. Composition of complete feed used in rabbit diet

Ingredients

Dried grass[%] 13
Dried alfalfa [%] 15
Wheat bran [%)] 17
Wheat grain [%] 10
Barley grain [%] 10
Corn [%] 15
Extraction soybean meal [%] 10
Rape meal [%)] 5
Rapeseed oil [%] 1

Vitamin-mineral premix! [%] 4

Table 2. Basic composition of substrates used in in vitro fermentation

Group Dry matter Ash Protein Fat Energy

% % % %  MJkg
C 98.00 550 17.00 3.60 10.95
D1 9529 436 4082 1545 20.17
D2 97.84 349 6439 4071 24.49
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In vitro fermentation of caecal content

The experimental material consisted of caecal content samples collected
from eight rabbits. The obtained material was mixed with a buffer
(Janssen et al., 2009) in the 1:4 ratio and homogenized. The caecal
content samples were assigned to three groups: control group (C), where
1 g of mixed concentrated feed of known composition was used as
substrate (Table 1 and 2); in groups D1 and D2 the substrate was 0.1 and
0.2 g of dried colostrum (Table 2).

To obtain anaerobic conditions, the bottles were saturated with CO. fed
from a pressure cylinder. They were then sealed tightly using a capping
machine. The samples were subjected to 12 h in vitro fermentation in a
shaking water bath at 39°C.

Analysis of selected fermentation products

At the end of incubation in the serum bottles, the overhead pressure
generated by the fermentation gases was measured. The gas obtained was
analyzed for methane content using a gas chromatograph (Agilent
Technologies 7890A GC System) with TCD and FID detectors.

In the obtained suspension, pH value was measured using a CP-401 pH
meter (ELMETRON, Zabrze, Poland) with an EPP-3 electrode and a
temperature sensor. The prepared solution was centrifuged for 15 min at
13 000 rpm. Formic acid (0.1 ml per 2 ml solution) was added to the
resulting sample to inhibit fermentation processes.

Liquid samples were analyzed using a gas chromatograph with an FID
detector to determine the total concentration of volatile fatty acids
(VFAs) and the percentage of individual acids: acetate, propionate,
isobutyrate, butyrate, isovalerate and valerate. Identification of volatile
fatty acids and determination of their levels in the samples were
performed by comparing retention times and peak area with the Supelco
standard using ChemStation software. Additionally, ammonia levels
were determined in the obtained samples using a modified Conway
microdiffusion method with Nessler's reagent, and the reading was taken
using a PerkinElmer Lambda XLS spectrophotometer.

Statistical analysis

The results of the study were statistically processed by one-way ANOVA
using the Statistica 10.0 computer program. Differences were considered
at a significance level of P < 0.01.
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RESULTS AND DISCUSSION

The caecum of rabbits is where microorganisms digest carbohydrates
and protein. Volatile fatty acids (VFA) are the main end products of the
fermentation process in the caecum, providing an important source of
energy for the rabbit. The caecum also plays an important role in the
etiology of digestive disorders (Guedes et al., 2009).

Volatile fatty acid (VFA) concentration and caecal pH are classic
variables characterizing the extent and pattern of the caecal fermentation,
providing an indirect estimate of the caecal microbial activity. In the
rabbit, changes in these characteristics (an increase in caecal pH or a
decrease in caecal VFA, as well as changes in individual VFA) are
correlated with the health status of the growing animal, causing damage
to gut microbiome (Garcia et al., 2002).

The pH value of the caecal contents was similar in all groups (Table 3).
In the study of Guedes et al. (2009), the pH value of the caecal contents
of rabbits is around 6.05, which confirms the values obtained in this
study. The concentration of VFA increased significantly after the
addition of 0.1 g of dried colostrum and amounted to 255.59 mmol/I of
content, and a slightly lower level of VFA was recorded in group D2 than
in group D1. The high level of VFA in the cecum of rabbits has a positive
effect on the wellbeing of the animal, providing, among other things,
protection against enteropathogenic E. coli infection (Mourdo et al.,
2006).

In the study by Mista (2009), along with the application of 10% and 15%
of humic-mineral-fat supplement, there was an increase in the total
concentration of volatile fatty acids, but up to the 6th hour of
fermentation, so in the time the process takes under physiological
conditions.

The application of dried colostrum substrate, which contains high levels
of protein and fat (Table 2), resulted in a slight decrease in the proportion
of acetate. On the other hand, the lowest concentration of butyrate was
recorded in group D2 (19.96 mmol/100 mol). The validity of the results
obtained in this experiment find confirmation nn the study by Bover et
al. (2006), where lower butyrate concentration was recorded after the
addition of dried alfalfa containing about 20% protein per dry matter.
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The application of colostrum resulted in an increased production of
propionate. Along with the increase in the amount of colostrum there was
a decrease in the ratio of acetate to propionate (A:P) and the utilization
ratio of VFAs expressed as the non-glucogenic to glucogenic ratio
(NGR). According to Bover (2008), the highest VFA production and the
proportion of acetate and propionate were recorded with the application
of Lolium perenne ryegrass hay rich in protein and fat.

There was a reduction in ammonia level under the influence of dried
colostrum: the ammonia levels in group D1 and D2 were (respectively)
32.59 and 41.48 mmol/I, while in the control group it was 42.42 mmol/l.
Liu et al. (2018), reported a reduction in ammonia production using
alfalfa as a high-protein feed.

During fermentation, total gas production increased in both groups (D1
and D2) under the influence of the substrate. Zhu et al. (2016) showed
no significant differences in the diversity and abundance of
methanogenic bacteria populations in the cecum of rabbits that were fed
diets with various fiber to starch ratios.

Ruminants and other herbivores, including rabbits, emit methane at
different levels. It is probably related to differences in the rumen and
caecal microbiome of herbivores (Mi et al., 2018).

Methanobrevibacter and Methanosphaera that inhabit the cecal
environment are the two dominant H2-using organisms.
Metanobrevibacter produces one mole of methane per one mole of
carbon dioxide, while Methanosphaera requires four moles of methanol
to produce three moles of CH4. This means that Metanobrevibacter has
a greater ability to produce methane than Methanosphaera (Cavicchioli,
2011). In the study by Liu et al. (2018), it was shown that the proportion
of Methanosphaera decreased with a higher fineness of alfalfa meal.
There was a decrease in methane concentration in both experimental
groups. In group D1 and D2 methane emission was at the level of 25.67
and 22.81 mmol/I, respectively, while in the control group this value was
26.12 mmol/l.

In the available literature, there are no studies investigating the effect of
dried bovine colostrum additive to rabbit feed on volatile fatty acid
profile.
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Table 3. Influence of dried colostrum substrates on VFA profile and pH
value in the caecum

Ferementation C D1 D2 Mean S.EM. p-value
parameters
pH 6.21 6.24 6.23 6.23 0.02 0.799
VFA? 211,55 255,59 251.10 239.41 13.34 0.384

Acetate 66.97 64.68 64.99 65.55 1.70 0.861
Propionate ° 8.35 832 1100 9.22 0.87 0.356
Isobutyrate ° 0.58 0.54 0.62 0.58 0.05 0.839

Butyrate 2051 2281 19.68 21.00 1.34 0.613
Isovalerate ° 0.79 0.85 1.09 0.91 0.08 0.278

Valerate 1.26 1.46 1.54 1.42 0.09 0.486
Caproate®  1.50 1.34 1.07 1.30 0.16 0.578

AP 10.76  10.02 7.64 9.47 1.18 0.551
P:B 0.47 0.39 0.64 0.50 0.06 0.233
NGR 13.47 1290 9.80 12.06 1.37 0.518

Ammonia? 4242 3259 4148 38.83 6.07 0.788
Gas production?®  171.78 175.07 176.35 17440 5.43 0.996
Methane 26.12 25.67 2281 24.87 2.92 0.494

C - control group; D1- dried colostrum substrates 0.1 g; D2 - dried colostrum
substrates 0.2 g; S.E.M. - standard error of the mean; * mmol/L; ® mol/100mol
A:P - acetic to propionic acid ratio; P:B - propionic to butyric acid ratio; p-value

CONCLUSION

Summing up the obtained analytical results, it may be concluded that the
use of dried bovine colostrum has a beneficial effect on the fermentation
profile in the caecum of rabbits, resulting in a decrease in the production
of methane and ammonia.
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ABSTRACT

The aim of this study was to determine the effect of Quillaja saponaria
on in vitro fermentation profile in the caecum of geese. The material for
the study consisted of caecal contents collected from 24 White Koluda
geese, aged 17 weeks (129 and 123). The animals were kept in a semi-
intensive system, and geese were given oats for the last two weeks before
slaughter. Eight pooled samples were made; each sample was a mixture
of caecal contents taken from three birds of the same sex. The samples
were homogenized and assigned to three groups: control group (K) - 0.5
g oats; group D1 - 0.5 g oats with 0.15 g saponins; and group D2 - 0.5 g
oats with 0.30 g saponins. The caecal samples prepared in this way were
mixed with a buffer solution in the ratio of 1:5 and subjected to
homogenization. The pH of the obtained suspension was measured using
a CP-401 pH-meter. In order to obtain anaerobic conditions the bottles
were saturated with CO administered from a pressure bottle. The
samples were subjected to 8-hour in vitro fermentation in a shaking water
bath at 39 °C.
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The samples were then analyzed using a gas chromatograph with an FID
detector to determine their total volatile fatty acid (VFA) concentration
and VFA profile, as well as their methane content. Additionally,
ammonia levels were determined in the obtained samples using a
modified Conway microdiffusion method with Nesler reagent. Along
with the addition of saponins extracted from Quillaja saponaria, a
statistical trend was observed in the reduction of acetate production and
a decrease in the ratio of acetate to propionate between the control group
and the D2 group. The applied additive in the D2 group resulted in an
increase (P<0.05) of butyrate production in relation to the control group.
The concentration of ammonia in the analyzed section of the
gastrointestinal tract was the lowest in this group.

Keywords: geese, saponins, in vitro fermentation, volatile fatty acids,
ammonia

INTRODUCTION

Native to South America, Quillaja saponaria belongs to the family
Quillajaceae; it is commonly found in Bolivia, Peru and Chile (Luebert,
2013). It is the main source of saponins used for industrial purposes:
saponins extracted from Quillaja saponaria are used in cosmetics,
pharmacology and as additives to food and drink (Fleck et al., 2019).
Extensive research shows that Quillaja saponaria used as feed additive
contributes to the reduction of methane emissions in the gastrointestinal
tract of animals (Jayanegara et al., 2014). Thanks to their extraordinary
properties, saponins are also used as feed additives with
immunomodulatory properties. They stimulate liver function, improve
feed utilization, animal growth rate and slaughter yield (He et al. 2005,
Westendarp, 2005).

Geese are herbivorous waterfowl whose meat is considered a healthy
food, with high levels of amino acids, low fat content, and high levels of
unsaturated fatty acids, which have positive effects on human health (Li
etal., 2019).

Geese are unique birds with extremely capacious stomachs and flexible
esophagus, thanks to which they can consume large volumes of feed per
day. The length of the gastrointestinal tract of geese is determined by the
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type of feed consumed and the age of the animal (Duszynska-Stolarska,
2016). The catabolic processes of dietary fiber take place in the caecum
and large intestine thanks to the microorganisms living there (Wang et
al., 2014). The species richness of microorganisms in the gastrointestinal
tract of geese is determined by the amount of protein and minerals
supplied in the feed and the level of acidity (Duszynska-Stolarska, 2016).
The caecum of geese is an environment for the growth of
microorganisms that can symbiotically convert dietary fiber into short-
chain fatty acids to provide energy (Chen et al., 2014). The caecum, as
opposed to the stomach, does not secrete digestive enzymes; their
production is possible thanks to the microorganisms present in them. The
fermentation process in caeca of geese is similar to rumen of ruminants,
therefore, these animals can consume relatively large amounts of fiber
(Yeetal., 2017). Some greenhouse gases emitted by livestock are formed
by fermentation occurring in the rumen of ruminants and in the large
intestine of monogastric animals. These gases include methane, which
accounts for about 18% of the greenhouse gases of the earth's atmosphere
(Wei-lian et al., 2005).

Disorders of food digestion and absorption have negative effects on the
survival and reproduction of geese. The more developed the stomach, the
better the absorption of nutrients from the provided feed. The correct
physiology of the goose stomach determines the intestinal motility,
which increases the digestion of the food intake, better energy utilization
and performance, and can prevent the entry of pathogenic bacteria (Lu et
al., 2011).

Goose farming is becoming more and more specialized and common
nowadays. An important aspect in breeding geese is their nutrition.
Additives to the diet of these animals determine a positive effect on
carcass yield and gastrointestinal tract development (Wang et al., 2014).
White Koluda geese, which are also called "Polish Oat geese", are very
popular in Poland. The name results from the method of feeding the
geese with fattening oats in the last 3 weeks of their breeding. Fattening
with oats determines health values and taste of meat and fat from geese
(Werenska et al., 2021).

The latest data from Eurostat, the statistical office of the The |[European
Union show that Poland is the largest poultry meat producer among the
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European Union countries. According to the National Poultry Council -
Chamber of Commerce, more than 8 million of commodity geese were
slaughtered in 2018, while the laying stock amounted to about 201
thousand in 2017,

In order to reduce the production and emission of methane and ammonia,
feed additives are sought that reduce the production of gases in the
digestive tract while maintaining proper physiological processes in the
animal body. Such additives are currently used in cattle and swine, and
include saponins, tannins, aluminosilicates, among others. Reducing
CH4 emissions in the digestive tract can decrease animal energy losses
by 2 to 12% (Kolling et al., 2018).

The aim of the present study was to determine the effect of Quillaja
saponaria on the formation of the fermentation profile in the caecum of
geese in the in vitro conditions.

MATERIAL AND METHODS

The material for the study consisted of the caeca collected from 24 White
Koluda geese, aged 17 weeks (129 and 123). The animals were kept in
a semi-intensive system, during the last two weeks before slaughtering
the geese were given oats, which were analyzed and used as a substrate
during fermentation.

Quillaja saponaria extract from Sigma-Aldrich (No S4521) was used as
an additive to the incubated caecal contents. Eight pooled trials were
performed, each trial was a mixture of cecal contents collected from three
birds of the same sex. There were 3 groups in each trial. The samples
were homogenized and assigned to three groups: control group (K) - 0.5
g oats; group D1 - 0.5 g oats with 0.15 g saponins; and group D3- 0.5 g
oats with 0.30 g saponins.

In vitro fermentation of caecal contents

The obtained material was mixed with a buffer (Adjiri et al.,1992) in the
ratio of 1:5 and homogenized. The pH in the obtained suspension was
measured using a CP-401 pH meter (ELMETRON, Zabrze, Poland) with
an EPP-3 electrode and a temperature sensor. The prepared solution was
centrifuged for 15 min at 13 000 rpm. Formic acid (0.1 ml per 2 ml of
solution) was then added to inhibit fermentation processes. To obtain
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anaerobic conditions, the bottles were saturated with CO, fed from a
pressure bottle. Then they were sealed tightly with a capsule. The
samples were subjected to 8-hour in vitro fermentation in a shaking water
bath at 39 °C.

Analysis of selected fermentation products

At the end of incubation in serum bottles, the pressure generated by the
fermentation gases was measured. The resulting gas was analyzed for
methane content using a gas chromatograph (Agilent Technologies
7890A GC System) with a TCD and FID detector. Liquid samples taken
both before and after incubation were analyzed using a gas
chromatograph with an FID detector to determine the total concentration
of volatile fatty acids (VFA) and the percentage of individual acids:
acetate, propionate, isobutyrate, butyrate, isovalerate and valerate. The
identification and levels of volatile fatty acids in the analyzed samples
were carried out by comparing retention times and area under peak with
the Supelco standard using the ChemStation software. Additionally,
ammonia levels were determined in the obtained samples using a
modification of the Conway microdiffusion method with Nesler's
reagent, and readings were taken using a PerkinElmer Lambda XLS
spectrophotometer.

Feed analysis

Representative samples of the oats fed to the geese and used as substrate
were analysed for basic nutrients (Table 1): dry matter (AOAC Official
Method 934.01), crude ash (AOAC Official Method 942.05), crude
protein (Kjeldahl method, AOAC Official Method 984. 13 on Foss
Kjeltec 2300), crude fat (AOAC Official Method 920.39), crude fiber
(AOAC Official Method 978.10 on Foss Fibertec 1020), ADF (AOAC
Official Method 973.18 on Foss Fibertec 1020), NDF, and energy
(JAOAC v. 56, 1352-1356, 1973 on Foss Fibertec 1020).

Statistical analysis

The results of the study were statistically processed by one-way ANOVA
analysis of variance using Statistica 13.3 computer program. The
differences were analysed at the significance levels of 0.05 and 0.01.
Probability values between 0.05 and 0.10 were reported as statistical
trends.
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Table 1. Composition and nutritional value of oats from goose diets

Diet nutritional value

Ash [%] 89.41
Crude protein [%] 12.55
Crude fibre [%] 12.91
Crude fat [%] 4.94
NDF [%] 23.71
ADF [%] 12.88

Gross energy
[MJ/kg] 16.11

RESULTS AND DISCUSSION

Due to high consumer demand for goose meat, poultry producers strive
to increase the rate of muscle tissue growth in these animals. The greatest
increase in muscle tissue in the White Koluda goose occurs between 2
and 12 weeks of age (Murawska, 2013). According to Mazanowski
(2000), the weight of White Koluda geese at 17 weeks fluctuated around
5700 g. In our study, the average weight of geese was lower and was
4451 g+354.30, while the caecal weight was 63.04 g+21.78. The drying
coefficient of the stomach contents was 0.7+0.05 and the proportion of
dry matter was 68.58%+11.75.

Volatile fatty acids (VFA) produced in the gastrointestinal tract are an
important source of energy for many animals, and can also be substrates
or activators of many metabolic processes (Kristensen, 2005). In hens,
after absorption into the blood, they satisfy energy needs at the level of
8%, in ostrich as much as 75% (Jozefiak, 2004). Literature data do not
give the percentage of energy obtained from VFAs produced in the
digestive tract of geese. Volatile fatty acids are products of anaerobic
bacterial fermentation, mainly of dietary fiber and resistant starch. The
energy availability (MJ/kg) from fiber determined by the production of
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VFAs in geese is higher than in hens by about 9% (Kirchgessner et al.,
1999). The most important task of acid-base management in poultry is to
keep the pH value constant, otherwise production rates are reduced.
Volatile fatty acids affect the pH of the intestinal contents, act as
bioregulators and growth promoters (Mroz et al., 2006).

In fresh caecal contents of geese, the concentration of VFAs is
52.11£19.42 pmol/g (Wu et al., 2009). In our study, the level of VFAs
in fresh caecal contents was 45.32 mmol/l. The acid profile of fresh
caecal contents in geese was characterized by the highest proportion of
acetate, lower proportion of propionate and lowest proportion of butyrate
in the total VFA pool, in mutual ratios of 4.7:1.2:1. A similar relationship
was reported by Arslan (2003) and Wu et al. (2009).

In fresh content, the level of iso acids such as isobutyrate and isovalerate
were 2.06 mol/100mol and 1.79 mol/100mol, respectively. The ratio of
acetate to propionate is 4.04, while the ratio of propionate to butyrate is
estimated to be 1.30. A similar relationship was obtained in the study of
Jamroz et al. (2002).

In the control sample, the value of volatile fatty acids was 286.96
mmol/kg (Table 2). The highest level of VFA was observed in the
samples with the addition of 0.15 g Quillaja saponaria. On the other
hand, the lowest VFA production value was recorded in the samples after
application of 0.30 g of saponins extracted from Quillaja saponaria.

Table 2. Influence of Quillaja saponaria substrates on VFA profile and pH in
the cecum

Substrates
K D1 D2

Total VFA! X 286.96 333.04 253.47
SD 123.18 99.04 75.39
Individual VFA.
mol/100mol
Acetic acid X 60.08** 55,32 52.92**
SD 6.74 6.23 3.46
Propionic acid X 19.13 2145 22.76
SD 383 399 364
Isobutyric acid X 230 275 229
SD 1.18 195 094
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X 13.92* 1595 16.83*

Butyric acid

SD 2.57 4.18 1.84

Isovaleric acid X 242 226 280

SD 1.37 0.98 0.83

. . X 2.15 2.09 2.37

Valeric acid sD 078 034 0.79
AP X 3.31** 2.67 2.39**

SD 1.07 0.70 0.49

X 1.41 1.46 1.38

P:B SD 0.38 0.67 0.32

H x 6.19 6.23 6.17

P SD 0.77 0.75 0.77

K, control group; D1, supplement sasponins 0.15 g; D2, supplement sasponins
0.30 g; SD. standard error of the mean; 1 mmol/L of undiluted caceum fluid;
A:P. acetic to propionic acid ratio; P:B. propionic to butyric acid ratio, **;
statistical trends,*; values differ significantly between groups (P < 0.05)

In our study, along with the saponin addition, a similar statistical trend
was observed in the reduction of acetate production and the reduction of
acetate to propionate ratio between the control and D2 groups. The
additive in the D2 group resulted in an increase (P < 0.05) in butyrate
production with respect to the control group.

The available literature does not report results of studies describing the
effect of saponin application on the profile of VFAS in caecal contents.
Most of the studies concerned dairy cattle. In the in vitro fermentation of
rumen contents, the application of saponins resulted in a decrease in
acetate production and an increase in propionate production, which
affects the A to P ratio (Patra et al., 2012). According to Kang et al.
(2016), butyrate production increases in 24 h of fermentation in the
rumen contents of cows when saponins are added.

The active acidity (pH) in the caecal contents of geese ranges from 6.31
to 6.50 and depends on the type of fiber in the feed (He et al., 2015). The
pH value may depend on the level of VFASs production and ammonia in
the digestive tract (Strik et al., 2016).

In the experiment conducted, the pH value of fresh caecal content was
6.68+1.11, and it decreased slightly after 8 h of incubation with the
addition of saponins (Table 2). The observed effect may be due to the
increase in the production of VFAs in group D1, while in group D2 the
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level of VFAs decreased, with a concomitant decrease in ammonia
concentration.

Geese, due to their highly developed caecum and high proportion of fiber
in the ration, produce 1.5*10-3 kg of methane per goose per production
cycle, which is a hundred times more when compared proportionally to
the chicken broiler (Wang and Hung, 2008). Ammonia also belongs to
the group of harmful gases produced by animals. It is a product of
bacterial breakdown of uric acid, and is largely derived from the
deamination of dietary protein amino acids and endogenous nitrogen,
which is commonly used as a preferential nitrogen source by
carbohydrate-fermenting bacteria in the caecum (He et al., 2015).

The production of gaseous ammonia in a poultry house can adversely
affect the health of birds (Nazeer et al. 2002). Birds are more sensitive
to ammonia than other animals. This gas in excessive concentrations can
damage internal organs and cause infection of the air sacs. Research on
the effects of ammonia on the traits and development of poultry is very
important for the improvement of farming environment and food safety
(Xing et al., 2016). The use of appropriate feed additives that reduce the
emission of gases including ammonia in the feed ration of animals
contributes to improving animal welfare and performance (Lynch et al.,
2007). After application of 0.30 g saponins from Quillaja saponaria the
ammonia content was at 25.25 mmol/I (Table 3).

Table 3. Influence of Quillaja saponaria substrates on gas production and
ammonia in the cecum

Substrates
K D1 D2
X 31.20 3251 25.25
SD 16.92 1247 1158
Gas production X 603.75 692.02 697.65
2 SD 160.70 156.51 147.55
X 65.10 74.42 70.46
SD 17.12 10.28 13.73
K, control group; D1, supplement sasponin 0.15 g; D2, supplement
sasponin 0.30 g; SD, standard error of the mean; * mmol/L of undiluted
caecum fluid; 2 mmol/L of undiluted caceum fluid

Ammonia !

Methane 2
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In the study of He et al. (2015), similar values of ammonia concentration
were reported (around 21 mmol/l). The concentration of ammonia
produced in the analyzed section of the gastrointestinal tract was
maintained at the lowest level in the group with the addition of 0.30 g
saponins, and at the highest level when 0.15 g of the extract was used. In
the caecum, gas production - including methane - increased under the
influence of saponin substrate. In cattle, Unnawong et al., (2021)
reported a reduction in ammonia concentration in vitro after the
application of saponins in the feed ration. Also in cattle, Wei- Line Hu
(2005) reported an increase in gas emissions in vitro fermentation, but
showed a reduction in methane and ammonia production.

CONCLUSION

The results obtained indicate that there was no negative effect of Quillaja
saponaria extract on the in vitro fermentation profile in the caecum of
geese; these results may encourage in vivo studies to analyze the effect
of saponins on physiological processes occurring in the gastrointestinal
tract of geese. The most desirable effects were obtained in the D2 group
in which 0.30 g of saponins were applied, due to a decrease in ammonia
and acetate production with simultaneous butyrate production.
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ABSTRACT

The aim of this review is to provide summary information on selected
feed additives that would help to improve the immunological value of
colostrum and sow's milk and thus provide better passive immunity to
the new-born piglet. As piglets are dependent on maternal
immunoglobulins (1g) after birth, it is important that they are taken up as
much as possible in the colostrum. That is why it is good to know about
suitable additives that have shown immunomodulatory effects in several
studies and have been able to increase the content of immunoglobulins
in colostrum and milk when fed. In one part of this review, we focused
on the addition of fatty acids that positively affected the levels of
immunoglobulins G, A and M in sow mammary gland secretions.
Whether fed in the form of soybean, coconut or palm oil, or directly as
conjugated linoleic acid, immunoglobulin levels have increased by up to
30% in some cases. The addition of hemp and soybean oil to gestating
and lactating sows significantly increased the immunoglobulin content.
Likewise, the feed ration of sows enriched with grape seed polyphenols
increased the colostrum 1gG and IgM levels. The addition of fermented
rapeseed meal to the sows' diet increased the 1gG content in the
colostrum. Likewise, by feeding active dried yeast, a positive effect on
IgG and IgA concentrations in colostrum and sow milk was
demonstrated. Although the addition of essential oils to the feed ration
of gestating and lactating sows did not increase the levels of
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immunoglobulins, it was demonstrably reduced the oxidative stress of
the sows and improved the performance of the piglets.

Keywords: Immunoglobulins, colostrum, milk, sows

INTRODUCTION

The nutritional and immunological significance of colostrum and milk
for the survival of a new-born piglet has been well described by several
authors (Le Dividich et al., 2005; Farmer et al., 2009; Hurley, 2015;
Theil et al., 2012; Hurley et al., 2013). Because piglets are born with low
energy stores in the body and without serum immunoglobulins due to the
epitheliochoric nature of pig placenta, the new-born piglet must obtain
maternal immunoglobulin G (IgG) from the ingested colostrum for
passive immune protection until its immune system is completely
developed (Le Dividich et al., 2005). The highest intensity of
immunoglobulin absorption was recorded between 4-12 hours after birth
and then tended to decrease (King’ori, 2012). The piglet can absorb
intact 1gG only before the intestinal occlusion gut closure, which occurs
in the first 24 hours of a piglet's life and is stimulated by colostrum intake
(Le Dividich et al., 2005). While colostrum is important for the survival
of piglets (Le Dividich et al., 2005), sow's milk is a limiting factor
influencing the growth rate of piglets (Quesnel et al., 2015).
Immunoglobulins secreted in colostrum and milk are a major factor in
providing immune protection to the neonate. Immune cells and
immunomodulatory factors contained in colostrum and milk play an
important role in responding to pathogens and help the maturation of the
immune system in pigs (Salmon et al., 2009). There is extensive species
variability in how and when immunoglobulins are transmitted to the
neonate, as well as in the mechanisms by which neonatal
immunoglobulins are affected (Butler a Kehrli, 2005). Immunoglobulins
found in colostrum or milk are the same as those found in blood or
mucosal secretions. Specific antibodies pass into the colostrum by active
passage directly from the mother's bloodstream. Only part of the
immunoglobulin is synthesized by B-lymphocytes directly in the
mammary gland (Rolinec et al., 2012). The most abundant
immunoglobulins in sow mammary gland secretions are 1gG, IgA and
IgM (Hurley et al., 2013; Klobasa et al., 1987). In the first hours after
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birth, 1gG is the most abundant, but then its content decreases by up to
85 % and at the end of lactation IgA, which is the predominant antibody
from the third day of lactation, is the most abundant (Rolinec, 2009).
Immunoglobulins received from colostrum in the first days after birth are
used in the immunological defense of piglets up to 20-25 days (Kanka et
al, 2014). The nutrient as well as the immunological composition of
colostrum and milk is different both between breeds and influenced by
various factors such as nutrition, number of litters, health status and
physical condition (Theil et al., 2012; Quesnel et al., 2015; Picone et al.,
2018; Nuntapaitoon et al., 2020). Due to the need for colostrum and milk
from piglets for survival, immune resistance and growth after weaning,
it is important to know the factors influencing the production of
colostrum and milk from sows. This will allow the development of
management systems that increase the sow's milkiness and improve the
composition of colostrum and milk, increase the survival of piglets and
the ability to grow weaners (King’ori, 2012). Based on these findings on
the effect of nutrition on the immunological composition of colostrum
and sow's milk, we decided to summarize in this review several studies
dealing with the effect of different types of additives on the
immunoglobulin content.

Additives containing polyphenols

Different types of fruits, berries and pomace contain high concentrations
of polyphenols, making them anti-cancer, antimicrobial, antioxidant and
immunomodulatory effects in vertebrates (Sehm et al, 2011; Siili et al.,
2014; IvaniSova et al., 2019). In our selected studies, the authors (Wang
et al., 2019; Wang et al., 2020) fed grape pomace to weaners and the
extract of grape seed polyphenols to gestating and lactating sows. In both
cases, an increase in immunoglobulins was observed. An increase of IgM
and IgG in colostrum was detected and Wang et al. (2019) attribute the
increase in 1gG in sow colostrum to elevated levels of progesterone,
which plays an active role in the transfer of 1gG from plasma to
colostrum. And it was in the experimental group of sows that they also
found higher levels of progesterone, which they attribute to polyphenol.
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Additions of fatty acids/ Fatty acid additives

Various animal studies have confirmed that the addition of various
additives rich in long chain fatty acids to feed rations of lactating sows
increased the milk fat, fatty acid content of milk and immunoglobulin
content in colostrum, milk or blood of sows and piglets (Bai et al., 2017;
Sun et al., 2020). Fatty acids contained in feed can affect the immune
components of colostrum and milk such as immunoglobulins
(Vodolazska and Lauridsen., 2020). Likewise, the fatty acid profile of
newborn piglets is influenced by the intake of maternal fatty acids during
pregnancy and lactation (Rook et al., 2001). Bai et al. (2017) fed
soybean, coconut and palm oil and their triple combination to gestating
and lactating sows. It was by adding three different types of oils and their
combination that they monitored the effect of fatty acids on the content
of immunoglobulins in colostrum and milk. There was no statistical
difference in 1gG, IgA and IgM content between groups for colostrum or
milk. However, the content of 1gG and IgA in blood plasma was
significantly higher in the group fed soybean oil or a combination of oils
compared to other groups of sows. According to them, the different
effect of the individual oils can be caused by the different number of
carbon chains of the individual fatty acids added to the feed rations of
sows. The addition of coated omega 3 fatty acid from linseed oil also had
a positive effect on 1gG levels in colostrum and milk (Sun et al., 2020).
They showed a significant difference in this study on day 16 after
farrowing. Conjugated linoleic acid (CLA) is the collective name for
linoleic acid isomers, and the modulatory effects on the immune system
have also been confirmed for these isomers. Rossi et al., (2004)
confirmed in their study that the addition of CLA to the feed ration of
gestating and lactating sows has a positive effect on the concentration of
immunoglobulins in both colostrum and milk. In the experimental
groups, 1gG values increased by up to 30% compared to the control. As
a result, they confirmed the immunomodulatory effects of these isomers.
Likewise, Bontempo et al. (2004) confirmed the positive effect of CLA
administration to gestating and lactating sows on IgG levels in colostrum
and milk. It is by adding polyunsaturated fatty acids to the diet of
gestating and lactating sows that more fatty acids get through the
colostrum and milk to the piglets than through the placenta. And since
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fatty acids are important in both prenatal and postnatal growth and the
development of immunity, increasing their content in feed rations is an
important factor influencing the new-born. Another fatty acid additive
was hemp oil, which is an ideal source of stearidonic acid. Vodolazska
and Lauridsen (2020) compared the effect of hemp and soybean oil and
their combinations on immunoglobulin concentrations in colostrum and
sow's milk. The mean IgG concentration in the experimental group with
hemp oil (ratio of basic diet to oil 95: 5) was more than 50% lower
compared to the group of sows fed soybean oil (95: 5) and more than
60% lower compared to the group a combination of both oils was fed
(50:50). However, overall levels of all three immunoglobulins monitored
(G, A, M) were lower in the hemp oil group than in the other two groups.

Other additives

Another suitable alternative to the feed additive for improving the
immunoglobulin content of colostrum and milk may be rapeseed meal.
It appears to be one of the possible alternatives to soy protein. And it was
the feeding of rapeseed meal that they focused on in an experiment by
Grela et al., (2019). Since rapeseed contains a certain amount of
antinutritional substances (glucosinolates), it has been shown that these
are partially removed by fermentation. In the experiment, they focused
on assessing the effect of feeding fermented rapeseed meal (FRM)
depending on the physiological period and reproductive cycle on
production parameters, digestibility, but also the content of
immunoglobulins in colostrum. The experimental groups were fed a
different proportion of FRM (it replaced soybean meal) according to the
stage of pregnancy and lactation, namely 4% or 9%. The content of 1gG
and IgA was significantly higher in the experimental groups compared
to the control groups. They found the interaction between the addition of
FRM and the reproductive cycle, as well as the effect of the reproductive
cycle itself on the IgG content in the colostrum. The authors attribute the
increase in the level of immunoglobulins in sow colostrum to the
response of the immune system to a foreign antigen of microbial origin.
In their study, Zanello et al. (2013) focused on the administration of 3
different strains of Saccharomyces cerevisiae (SC) and their effect on
IgG and IgA concentrations in colostrum and sow milk and to reduce the
incidence of diarrhea during lactation. An increase in colostrum IgG
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concentration was demonstrated in the experimental groups. By adding
SC, the IgA concentration was kept almost the same until day 18. The
authors also noted a trend in reducing the incidence of diarrhea in piglets
in the SC group. Essential oils are generally considered to be natural, less
toxic and especially residual free antibiotic alternatives. Last but not
least, they have various beneficial effects and one of them is the effect
on the immune system and the stimulation of the body's immune
responses (Zhai et al., 2018). Oregano essential oils used in experiments
by Ariza-Nieto et al., (2011) and Tan et al., (2005) had no demonstrable
effect on the levels of immunoglobulins in the blood of sows and gilts.
However, in a 2005 experiment, they showed a positive effect on
alleviating oxidative stress in sows and improving piglet performance.

CONCLUSION

Colostrum is an irreplaceable and the only source of nutrients in the first
hours of piglets after birth. Therefore, the breeder should ensure, as far
as possible, its quality and quantity through proper nutrition of the sow
in the pre-parturition and lactation periods. Since piglets are born without
serum immunoglobulins and their immune system is still evolving, it is
important that they take colostrum as soon as possible after birth. And it
is the immunoglobulins received from colostrum and milk that provide
them with passive immune protection. Therefore, their content in
colostrum and milk is a very important factor in assessing quality.
Although colostrum is only available to piglets for a short period of time,
its chemical composition changes significantly due to its conversion to
milk. As has been shown in several studies, the content of
immunoglobulins in colostrum and milk can be influenced by feeding
gestating and lactating sows. Additions of various types of oils, fatty
acids, yeasts or fermented feeds have increased the content of
immunoglobulins in colostrum and milk. It is the increase in the content
of individual immunoglobulins that presupposes their higher intake in
piglets. This will increase their chances of survival and better protection
against various pathogens.
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ABSTRACT

The influence of feed particle size on broiler chickens” gastrointestinal
organs were evaluated. Broiler males of Ross 308 were divided into 3
experimental groups — Coarse, Medium and Fine. The differences
between the diets were in feed particle size. The feed particle size was
evaluated by dry sieving. Geometric Mean Diameter (1,111.26 vs.
959.89 vs. 730,48, respectively) and Geometric Standard Deviation
(1,085.50 vs. 847.48 vs. 604.12, respectively) of diets were calculated.
The different feed mixture had an influence on weight of gizzard and
colon. The bigger gizzard weight (P < 0.05) was found in groups with
larger particle size (Coarse and Medium group).

Keywords: poultry nutrition; Ross 300; animal diets; Geometric Mean
Diameter; Geometric Standard Deviation

INTRODUCTION

The physical structure of the diet is determined by the size and shape of
the individual particles. Size can be defined as fineness of feed grinding
(AMERAH et al., 2007). DAVIS et al. (1951) used the general terms
"fine, medium and coarse" to describe particle size. The specific size was
described by WOLF et al. (2012) as coarse (> 1.4), medium (0.8-1.4),
fine (0.4-0.8) and very fine (< 0.4). The particle size is usually
determined by dry sieving of representative sample for ten minutes on
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the set of sieves. (BAKER and HERMAN, 2002). GMD (Geometric
Mean Diameter also dgw) and GSD (Geometric Standard Deviation, also
Sgw) are used to describe particle size (LENTLE et al., 2006). GMD
indicates the trough particle size (mm or um) and GSD indicates particle
size uniformity. The lower GSD means the higher uniformity
(AMERAH et al., 2007). The GMD and GSD can be calculated using
formulas published by ASABE (2008). SAFAA et al. (2009) noticed the
higher intake of coarse feed mixture in comparison with fine feed
mixture. AMERAH et al. (2007) found that broilers chickens fed a
mixture of fine particles wheat had lower weight gains and more limited
feed intake than fed groups mixtures with a higher proportion of medium
or coarse particles. Feed particle size may also influence the
gastrointestinal tract. Several studies observed feeding with coarse
mixture increase the relative gizzard weight (NIR et al., 1994 a,c;
ENGBERG et al., 2002; PERON et al., 2005; AMERAH et al., 2007).
The aim of this study is determined the influence of different feed
particle size in broilers chickens” diet on digestive tract morphology

MATERIAL AND METHODS
Animals and experimental conditions

In 5 replicates, a total of 90 one day old male broiler chickens of Ross
308 were randomly divided into 3 different experimental groups (in total
30 chickens per feeding group) with 6 birds per cage. The lighting
program, temperature and humidity was set according to the
technological instruction (AVIAGEN, 2018). Broilers were fed with
experimental starter diets until 10 days of age. Chickens were fed with
experimental grower diets from 11th day until 35th day of age. The
chickens were fed ad libitum. The feed intake of each group was daily
recorded. The body weight was regularly noticed. The experimental
lasted 35 days. At the end of the trial, broilers were slaughtered, and the
selected digestive tract section and liver were weighted and measured.

Experimental diets

In the trial three diets differing only their particle size were used. The
first experimental group (the Coarse) was fed with the most of coarse
particle size, the Medium group had a lower amount of coarse parts and
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the Fine group had fine feed particle size in diet. The ingredients in these
diets were used in same amount to ensure the isocaloric and
isonitrogenous diets. Compounds and chemical composition of used
diets is shown in table 1.

Table 1. Composition of experimental diets and chemical analysis (dry matter)

STARTER GROWER
Component Coarse Medium Fine | Coarse Medium Fine
Maize (g/kg) 331.65 331.65 331.65| 366.4 366.4  366.4

Soybean meal (g/kg) ~ 438.0  438.0  438.0 | 3960  396.0  396.0
Wheat (g/kg) 1300 1300 1300 | 153.2  153.2 1532

Rapeseed oil (g/kg) 52.0 52.0 52.0 40.0 40.0 40.0

Premix* (g/kg) 30.0 30.0 30.0 30.0 30.0 30.0
Limestone milled 55 55 55 40 40 40
(9/kg)
Monocalcium
phosphate (g/kg) 1.7 1.7 1.7 59 5.9 59
DL-Methionine 2.0 2.0 2.0 15 15 15
(9/kg)
Wheat gluten (g/kg) 3.1 3.1 3.1 - - -
Chromium oxide

- - - 3 3 3
(9/kg)
MEn (MJ/kg)* 12.42 12.42 12.42 12.3 12.3 12.3

Crude protein (g/kg) 231.9 239.6 2344 | 2154 215.1  209.9

Ether extract (g/kg) 71.2 72.4 71.7 73.7 73.1 735
Crude fibre (g/kg) 38.2 36.1 36.6 47.6 46.9 42.4
Crude ash (g/kg) 62.7 65.9 64.7 61.3 60.2 60.6
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Legend: Premix for starter contains (per kg): L-lysine 2.34 g; DL-Methionine 2.4 g;
Threonine 0.99 g; calcium 5.25 g; phosphorus 1.95 g; sodium 1.44 g; copper 15 mg;
iron 84 mg; zinc 99 mg; manganese 99 mg; iodine 0.99 mg; selenium 0.18 mg; retinol
13,500 IU (international units); calciferol 5,001 1U; tocopherol 45 mg; phylloguinone
1.5 mg; thiamine 4.2 mg; ri-boflavin 8.4 mg; pyridoxin 6 mg; cobalamin 30 pg; biotin
0.21 mg; niacinamid 36 mg; folic acid 1.8 mg; calcium pantothenate 13.5 mg; cholin
chloride 180 mg. Premix for grower contains (per kg): L-lysine 2.58 g; DL-
Methionine 2.52 g; Threonine 1.47 g; calcium 5.04 g; phosphorus 1.65 g; sodium 1.38
g; copper 15 mg; iron 75 mg; zinc 99 mg; manganese 99 mg; iodine 0.9 mg; selenium
0.36 mg; retinol 9,900 IU (international units); calciferol 5,001 1U; tocopherol 45 mg;
phylloguinone 1.5 mg; thiamine 4.2 mg; ri-boflavin 8.4 mg; pyridoxin 6 mg; cobalamin
28.8 pg; biotin 0.18 mg; niacinamid 36 mg; folic acid 1.71 mg; calcium pantothenate
13.35 mg; cholin chloride 180 mg. * Apparent metabolize energy, calculated value.

The structure of grower diets was evaluated by dry sieving using a
separator Retch AS 200 Control. A representative sample of 100 g of
each diet was passed for 10 minutes trough the set of sieves with 3 mm,
2 mm, 1.5 mm, 1 mm and 0.3 mm mesh size. An amplitude was set to
1.8 mm/g. After shaking process, the amount of particle sizes retained
on each sieve was determined by subtracting the weight of the sieve and
the retained feed from the blank weight of the sieve. The GMD and GSD
were calculated.

Sample collection and statistical analysis

The digestive tract parts and liver were weighed and calculated per kg of
live weight. Duodenum, Jejunum, lleum, Colon and Cecum were also
measured. Data has been processed by Microsoft Excel (USA) and
StatSoft Statistica (USA). It was used one-way analysis of variance
(ANOVA). For evaluate statistically differences between groups was
used the Sheffé’s test and P < 0.05 was regarded a level of statistically
significant difference.

RESULTS AND DISCUSSION
Diets analysis

The differences between particle size distribution in the Coarse, Medium
and Fine grower diet are shown in graph 1.
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Graph 1. Particle size distribution in grower diets

>3 mm 2-3 mm 1.5-2 mm 1-1.5 mm 0.3-1 mm <0.3 mm

45

Amout of particles (%)
— =) (3] 3] (7] =
n < (] [} h (=]

—
(=]

mCoarse mMedium ®Fine

abe means statistically significant differences (P < 0.05)

From the graph 1 is obvious that there are statistically significant
differences in feed particle size between used diets. Differences in
amount of particle on sieve were found on each sieve (P < 0.05). That
proves variety of mixtures. Values for GMD and GSD were calculated
based on the weight fraction on the individual sieves. Data are shown in
table 2.

Table 2. GMD and GSD of grower diets

n GMD = GSD (um)
Coarse 10 1,111.26 +1,085.502
Medium 10 959.89 + 847.48°
Fine 10 730.48 £ 604.12°

abe means statistically significant differences (P < 0.05); n — number of cases; GMD —
Geometric mean diameter; GSD — Geometric Standard Deviation

Values of GMD correspond to values from a trial from EGE et al. (2019)

dealing with the similar issue. They calculated values of GMD were 707
um vs, 1096 pm.
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In the trial, there were not found statistically significant differences
between values concerning feed consumption (P > 0.05). The average
daily feed intake per trial was 86.47 g/bird in the Fine group, 82.40 g/bird
in the Medium group and 85.29 g/bird in the Coarse group.

Table 3 is concerning about chosen segments of digestive tract.

Table 3. Weight of gastrointestinal organ and liver

Coarse Medium Fine
n 15 15 15
per kg of BW
Mean £+ SE
Crop () 3.05+£1.90 2.93+£0.12 3.39+0.24
Proventriculus (g) 3.73+£0.15 3.59+£0.11 3.31+0.12
Gizzard (g) 14.97 +0.712 14.56 + 0.412 11.84 + 0.59"
Duodenum (g) 5.88+0.25 6.12+0.24 6.26 +0.33
Duodenum (mm) 141.77 £7.39 152.25+5.55 139.09 + 7.39
Jejunum (g) 11.36 £ 0.58 10.94 +0.36 10.41 £ 0.44
Jejunum (mm) 330.33£9.09 344.84+12.50 320.15+13.68
lleum (g) 7.75 £0.39 8.09+£0.33 7.82+£0.31
lleum (mm) 343.15+11.60 353.45+11.69 342.70+14.64
Colon (g) 1.27 £ 0.043° 1.20 £ 0.04° 1.46 = 0.09°
Colon (mm) 42.43 £2.60 39.77£2.08 37.01£1.96
Cecum (g) 3.82+0.16 3.45+0.14 3.62 £ 0.08
Cecum (mm) 81.62 +2.57 80.33 +3.00 79.03 +£2.61
Liver (g) 22.32 +£0.44 22.28 +0.42 23.11 £ 0.46

ab means statistically significant differences (P < 0.05); n -number of cases; SE —
standard error; BW — body weight

Acording to the Table 3, the influence of feed particle size had an effect
(P <0.05) on weight of proventriculus and colon. Other examined
digestive tract organs were without significant differences. NIR et al.
(1994 a,b) in their trial found that larger particles in diet for poultry had
a positive effect on the development of the muscular stomach, especially
its weight. In these experiments found out that groups of poultry fed
coarse and intermedium coarse physical structure of the feed mixture had
the gizzard about 26% and about 41%, respectively larger.
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CONCLUSION

The influence of feed particle size on broiler chickens” parameters were
evaluated. The diets with statistically significant different particle size
(coarse, medium and fine) had no influence on feed consumption and
most of the parts of digestive tract of chickens. The statistically
significant (p < 0.05) higher weight of gizzard was found in groups with
coarse and medium particle size in diet. Weight of the colon was higher
in Fine group in comparison with the medium group. It can be concluded
despite the different structure of feed mixture, no effect on monitored
markers was recorded except the weight of gizzard.
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ABSTRACT

Our aim was to study effect of feed that has been enriched with
autochthonous probiotic Lactobacillus plantarum R2 on relative gene
expression of immunologically important molecules in rainbow trout.
This is a partial work and samples are still being analyzed. Experimental
fish were divided into three groups of 10 individuals and each group was
separated in its tank. First and second group received our probiotic feed,;
first group continually during whole experiment and second group
cyclically. Third was control group, thus it received just commercial
feed. After 7 weeks, samples of distal intestine were collected and
change in relative gene expression was measured. Molecules that were
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studied were interleukin 1, interleukin 8, CD4, CD8 and
immunoglobulin M. The gene expression was assessed using
quantitative real time PCR with B-actin as a reference gene. Relative
expression of interleukin 1 and 8 did not change significantly although
interleukin 8 showed decreased expression in both experimental groups
as compared to control. Expression of CD4 was increased in both
experimental groups with significant change in continually fed group.
CD8 showed slight increase in continual group and slight decrease in
cyclical group. Slight increase of expression for immunoglobulin M was
also measured in both experimental groups. Overall, lower expression
for genes in cyclically fed group might be result of temporary change in
feed that stressed fish. We conclude that continually administered
probiotic feed positively affected immunity of fish by enhancing
numbers of CD4 and CD8 cells and immunoglobulin M while not
triggering inflammatory response.

Keywords: cytokines; microbiome; gene expression

INTRODUCTION

The topic of fish health is becoming more and more actual because of
increasing consumption as well as production of fish. The most dynamic
growth can be seen in fish reared on farms. Aquaculture is the fastest
growing sector in production of fish and its growth is expected to not
slow down in coming years (FAO, 2020). Inevitably, with increased
production of fish reared in monoculture, the level of stress in these fish
increases. This causes worse reproduction (Billard et al., 1981), appetite
(Conde-Sieira et al., 2018) and also immune response against pathogens
(Pickering & Pottinger, 1989). Probiotics, which have been in use for
decades in mammals, seem like a suitable tool for compensating any
negative effects that affect fish in aquaculture (Merrifield et al., 2010).
There are already many bacterial strains which have been studied to
various degree (Nayak, 2010), as well as commercially available
probiotic supplements for fish. Our goal was to confirm probiotic
potential of our autochtonous strain — Lactobacillus plantarum R2,
previously isolated from gut of rainbow trout (Feckaninova et al., 2019).
In this work we focused on the immunomodulatory potential of the
strain.
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MATERIAL AND METHODS

Probiotic feed was prepared at University of Veterinary Medicine and
Pharmacy in Kosice by combining commercially available pelleted feed
for fish in aquaculture with protective components and autochthonous
probiotic strain L. plantarum R2 that was cultivated overnight. All
components were then thoroughly mixed and the feed was dried and
stored in cold and dry conditions. Concentration of bacteria in final
product was measured to be 107-108 CFU/g of feed. Probiotic feed was
then transferred to Mendel University in Brno where it was fed to
experimental fish.

Species of fish used in this experiment was rainbow trout (Oncorhynchus
mykiss). Total number of 1000 fish was involved in experiment and they
were divided into three groups. Each group was then separated in three
individual tanks with independent circulation. First group received
enriched feed continually (CON) during whole time of experiment,
second group received probiotic feed in cycles (CYC) with pause (3
weeks) in-between during which they were fed commercial feed. Third
group served as control group (CTRL) thus it received commercial feed
with protective components. Fish of each group consumed feed with
good appetite.

Sampling took place after 7 weeks of feeding fish and for further analysis
only specimens with approximately similar physical dimensions were
selected. During dissection samples of skin and gills as well as internal
organs; head kidney, spleen and part of distal intestine were collected.
For this part of experiment only distal intestine was further analyzed. 10
fish from each group were selected. Samples were stored in RNAlater at
-20 °C.

Further processing of samples was done at University of Veterinary
Medicine and Pharmacy in Kosice. Isolation of RNA was done using
Omega E-Z Total RNA Kit (Bio-tech, USA). Purity and concentration
of RNA was measured by spectrophotometer Nanodrop 8000 (Thermo
Scientific, USA) at 260/280 nm. Isolated RNA was then transcribed into
cDNA using Quantitect Reverse Transcription Kit (Qiagen, Germany).
PCR reaction was performed in 10-ul reactions, each reaction consisting
of the SYBR green master mix (BioRad, USA), 0,5 uM of both primers,
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and 40 ng/uL of cDNA. All reactions contained negative control without
cDNA template. Relative gene expression was analyzed in samples of
cDNA by gPCR using thermocycler iCycler CFX96 (BioRad, USA).
During this part of experiment we measured change in relative gene
expression for interleukin 1 (IL1), interleukin 8 (IL8), CD4, CD8 and
imunoglobulin M (IgM) as AAC; (= SD) with CFX96 Manager software
(BioRad, USA). Sequences of primers used are in table 1. B-actin was
used as a reference gene.

Table 1. Sequences of primers used in g°PCR

Primer sequence Reference
B-actin F GGACTTTGAGCAGGAGATGG
(Kim & Austin, 2006)
B-actin R ATGATGGAGTTGTAGGTGGTCT
II-1B F ACATTGCCAACCTCATCATCG
(‘Yarahmadi et al., 2016)
I-1B R TTGAGCAGGTCCTTGTCCTTG
-8 F CACAGACAGAGAAGGAAGGAAAG
(Kim & Austin, 2006)
-8 F TGCTCATCTTGGGGTTACAGA
CD4F CCTGCTCATCCACAGCCT
(Lietal., 2019)
CD4R CTTCTCCTGGCTGTCTGA
CD8F AGTCGTGCAAAGTGGGA
(Lietal., 2019)
CD8R GGTTGCAATGGCATACAG
IgM F ACCTTAACCAGCCGAAAG
(Lietal., 2019)
IgM R TGTCCCATTGCTCCAGTC

For statistical analysis one way ANOVA test with Tukey multiple
comparison test was used in software GraphPad Prism Version 3.00.
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RESULTS AND DISCUSSION

Figure 1. Relative gene expression for IL1 (a.) and IL8 (b.). Data
presented with & SD.
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Relative gene expression for interleukins 1 and 8 did not change
significantly in either experimental group when compared to CTRL.
There was slight increase in expression for IL1 in group that received
probiotics continually (figure 1a). IL8 expression was lower in both
experimental groups, where it was decreased by same margin, although
not statistically significant (figure 1b).

Both IL1 and IL8 are typical proinflammatory cytokines and their
synthesis increase in teleosts following viral infection as well as after
recognizing molecular patterns associated with pathogens (Seppola et
al., 2008). Our results show no significant increase in expression of these
cytokines suggesting that bacterial strain we studied (L. plantarum R2)
did not cause defensive reaction of fish organism and therefore is not
pathogenic, which is one of requirements for probiotic bacteria by
(FAO/WHO 2002). These results correlate with previous research on
cells from gut of rainbow trout after stimulation with probiotics where
no significant change in expression of either cytokine was measured
(Kim & Austin, 2006) although IL1 was upregulated in spleen and
kidney of trout (Panigrahi et al., 2007). IL8 relative expression even
decreased suggesting anti-inflammatory effect of L. plantarum R2
though Pérez-Sanchez et al. (2011) measured upregulation of expression
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for this cytokine in their work. One of the reasons for this could be the
difference of bacterial strain.

Figure 2. Relative gene expression for CD4 (a.) and CD8 (b.). Data
presented with = SD. **p <0.01 a—versus CTRL group, b —versus CON

group.
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Relative gene expression for CD4 marker was increased in both
experimental groups (figure 2a). Significant increase was recorded in
CON group when compared to CTRL. Significant change was also
observed in CYC group, which had decreased relative gene expression
for CD4 when compared to CON group. With CD8 (figure 2b) the
situation was similar to expression of IL1; slight increase in relative gene
expression in CON group when compared to CTRL and slight decrease
in CYC group when compared to CTRL, both without any statistical
significance.

CD4 is a transmembrane glycoprotein that can be found in teleosts on
surface of T-helper cells (Th) that regulate cytokine response of
organism after infection. They belong to several subtypes with different
functions (T-helper 1, T-helper 2, T-helper 17, T-helper 9, and
regulatory-T cells) (Ashfaq et al., 2019). Which cytokines they produce
can only be hypothesized based on mammals. Even though we do not
know which subtype is increased specifically in our experimental groups,
small changes in expression of pro inflammatory cytokines previously
discussed would suggest that there is larger population of regulatory T-
cells which are responsible for immune tolerance (Yuan & Malek, 2012)
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and since they give signal that L.plantarum R2 is not harmful to rest of
organism we did not measure increased levels of IL1 and IL8. Another
important thing is that the increase in relative gene expression is several
times higher in continually fed group, probably because of continual
presence and stimulation of intestinal cells by probiotic bacteria and this
increased level could provide faster response during infection. In
general, in mammals, the increasing ratio of CD4 to CD8 lymphocytes
is considered to be a manifestation of immunostimulation, which can
also be applied to teleosts, as the function of both subpopulations is the
same as in mammals.

Fish CD8 cells are responsible for eliminating transformed cells or cells
that are infected by virus and are called cytotoxic T-lymphocytes (Toda
et al., 2009). We did not note significant change in relative gene
expression for this marker in trout gut, which is expected given that
L.plantarum R2 does not enter cells neither transforms them. Recorded
increase is only within margin of standard deviation although higher
concentrations of CD8 cells could provide better defense in case of
infection.

Figure 3. Relative gene expression for IgM. Data presented with = SD.
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There was slight increase in gene expression for IgM (figure 3.) in both
experimental groups compared to CTRL although again only without
statistical significance

In healthy fish, soluble IgM is the most abundant immunoglobulin in all
organs and its concentration increases as a response to intestinal bacterial
infection (Piazzon et al., 2016). In our case IgM was increased only
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slightly and within standard deviation further suggesting that fish
organism didn’t respond to probiotics as pathogens. On the other hand,
imunoglobulins of fish coat symbiotic microbiota present on mucosal
surfaces, suggesting their role in immune exclusion of these organisms
(WG et al., 2019). In our experiment there was just small increase in
relative expression for IgM that would suggest increased production of
this 1g for coating new bacteria that were constantly introduced to
intestine via feed. Nevertheless, the function of IgM in microbiome
homeostasis remains unknown so far.

Overall CYC group showed lower increase in relative gene expression
for selected genes. This might be a result of change in feeding, which
partially stressed fish.

CONCLUSION

In conclusion; probiotic bacteria Lactobacillus plantarum R2, which was
supplemented to fish in feed, was recognized by fish immune system as
harmless, based on evidence of decreased expression of proinflammatory
cytokines, increased expression of CD4 molecules which are linked to
cells that provide immune tolerance and slightly increased levels of CD8
and IgM that would destroy these bacteria. Increased levels of CD4 and
CD8 cells would also provide faster response in case of infection,
enhancing effect of probiotic. Based on these results L. plantarum R2 is
suitable probiotic strain and its effect on pathogens should be studied
further.
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ABSTRACT

The present study was conducted to evaluate the activity of liver
enzymes of male Japanese quails by adding bee bread into feed in
different concentrations. A total of 40 male Japanese quails were divided
into four groups according to administered bee bread into feed mixture
HYD 11, which was given ad libitum, as follows: P1 (n = 10) 2 g/kg of
bee bread, P2 (n = 10) 4 g/kg, P3 (n = 10) 6 g/kg, and the control without
additives (K) for 8 weeks. The groups were kept under the same
conditions and parameters were analysed using an automatic clinical
device Biolis 24i Premium. We noticed slight increase in alanine
aminotransferase (ALT) in P2 (0.064 + 0.043 pkat/l) compared with P3
(0.026 £ 0.015 pkat/l), and in enzyme aspartate aminotransferase (AST)
between P3 (4,39 + 1,06 ukat/l-1) compared to P2 (7,78 + 1,64 ukat/I-
1), although not statistically significant (P > 0.05). We can conclude, that
bee bread did not have a significant (P > 0.05) effect on the liver enzymes
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by addition into feed, nevertheless, the results can be used for further
examination.

Keywords: bee bread; beehive products; Japanese quails; liver enzymes

INTRODUCTION

Bee bread is a product from the beehive which has unique properties.
Nutrients from bee bread are well absorbed while digestion due to the
process of fermentation of bee pollen, honey, wax, and bee excretions in
honeycombs in beehives. It is characterized by its antibacterial,
antiallergic, hepatoprotective, and antitumor properties, but has not been
well studied yet (Barene et al., 2015; Margdoan et al., 2019). Bee bread
is also a powerful antioxidant (Bharti et al., 2018). It also contains
building and protective substances (proteins, fats, carbohydrates,
vitamins, minerals, polyphenols, and flavonoids) (Milojkovic, 2018;
Yucel et al., 2017; Urcan, 2017). The liver is a major organ of
metabolism in the animal body that is involved in the detoxification and
regulation of various biochemical functions. The liver is the most
sensitive organ to oxidative damage because it is rich in oxidizable
substances. Hepatic enzymes, especially AST and ALT, can indicate
hepatocellular damage (Ehrmann et al., 2010; Giannini et al., 2005).
Japanese quails (Coturnix japonica) were used as an animal model in the
study of various diseases, metabolism of various substances (Jatoi et al.,
2013; Hanusova et al., 2016; Huss et al., 2008). Japanese quail is
characterized by a rapid growth rate, fast sexual maturity, and short
generation interval (Hanusova et al., 2013). The aim of this study was to
evaluate changes in liver enzymes by adding bee bread into feed of
Japanese quails, which allows a better understanding of effects of bee
bread and it’s possible effects by adding into feed.

MATERIAL AND METHODS

Japanese quails were housed in the Research Institute of Animal
Production in Luzianky. From the 35th day of age, they were divided
into a four-storey cage system (Venturi, Italy) with a temperature of 21
+ 2 ° C and 64 = 2 % humidity. The experimental conditions were
continuously monitored. A total of 40 male Japanese quails were divided
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into four groups as follows: P1 (n = 10) received bee bread (National
Botanical Garden of the National Academy of Sciences, Kyiv, Ukraine)
atadose of 2 g/kg, P2 (n = 10) 4 g/kg and P3 (n = 10) 6 g/kg feed mixture.
Control group K (n = 10) was without the addition of bee bread. Feeding
mixture HYD 11 (Tekro, Slovak Republic) was given to each group
together with bee bread and water ad libitum. The composition of the
feed mixture is presented in Table 1.

Table 1 The composition of feed mixture HYD 11

Composition Declared quality features

corn 32 % nitrogenous substances min 200
g/kg

extracted soybean meal 19.2 % fibre max 60 g/kg

wheat 15 % ash max 160 g/kg

CaC0O3 10 % ME min 11,7 MJ/kg

rapeseed meal 7 % lysine min 7,5 g/kg

sunflower meal 4.5 % methionine and cysteine min 6 g/kg

animal fat 4 % linoleic acid min 10 g/kg

malt flower 3 % Camin 35 g/kg

monocalcium phosphate 1 % P min 5 g/kg

premix additives 1 % Na min 1,6 g/kg

NaCl 0.3 %

fish meal 3 %

At the age of 8 weeks, quails were slaughtered and blood samples were
taken, centrifuged at 3000 rpm for 30 minutes. Selected liver enzymes
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
gamma-glutamyltransferase (GGT), alkaline phosphatase (ALP) were
analysed in the blood serum by biochemical analyser Biolis 24i Premium
(Tokyo Boeki MediSys Inc., Japan) using analytical kits from Randox
(Randox Laboratories Ltd, Crumlin, UK). The data were analysed using
the One Way ANOVA test by using GraphPad Prism 8 statistical
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software (GraphPad Software Inc., La Jolla, CA, USA). Differences
between treatments were tested for significance at P < 0.05.

RESULTS AND DISCUSSION

Therefore, we have noticed slight changes in liver enzymes, the changes
have not been statistically significant (P > 0.05) in any of enzyme. The
differences have been noticed in AST between P3 (4.39 + 1.06 ukat/l)
compared to P2 (7.78 £ 1.64 ukat/l). Slight increase of ALT was noticed
in P2 (0.064 + 0.043 pkat/l) compared with P3 (0.026 = 0.015 pkat/l. We
also noticed slight increase in GGT in P3 (0.06 + 0.06 pkat/I) compared
to other groups, but differences remained insignificant (P > 0.05).
Results of ALP did not show any statistically significant differences
(P>0.05) between groups (Table 2). All of the values were in the range
of reference values for Japanese quails (Scholtz et al., 2009).

Table 2 Results of liver enzymes in experimental groups

Parameter K P1 p2 P3 P value
AST 531£199 5.75+£1.65 7.78+1.64 439+1.06 P =0.0626
pkat/l

ALT 0.04+0.00 0.03+0.004 0.06+0.04 0.02+0.01 P=0.159
pukat/l

GGT 0.02+0.01 0.01+0.005 0.03+0.03 0.06+£0.06 P =0.382
pkat/l

ALP 1.73+£0.85 2.19+0.58 213+1.20 3.10£0.62 P=0.248
pkat/l

K - control group without adding bee bread, P1 - bee bread 2 g/kg, P2 - bee
bread 4 g/kg, P3 - bee bread 6 g/kg. Values shown as mean + S.D.

Generally, we can conclude that high doses (6 g/kg) of bee bread might
have positive effects on lowering AST. Similarly, Ceksteryté et al.
(2012) noted a reduction of AST while treating patients with liver disease
with beebread supplement mixed with honey. Yildiz et al. (2013)
concluded potential hepatoprotective effects of chestnut bee pollen on
liver enzymes AST and ALT in rats. We monitored slight decrease in
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ALT in group P2 compared with P3, although not statistically significant
P > 0.05. Bakour et al. (2021) found that bee bread was effective in
restoring biochemical parameters including liver enzymes harmed due to
titanium nanoparticles reactivity in rats. We assume that our results in
comparison with other authors might be influenced by the age of quails,
the breed of quails, as well as the composition of the administered bee
bread. Determining the dose of bee bread used in experiment is due to
limited number of studies a big problem

CONCLUSION

We can conclude that the application of bee bread into the feed of
Japanese quails did not influence the activity of liver enzymes (AST,
ALT, GGT, ALP), nevertheless, high doses (6 g/kg) of bee bread might
have positive effects on lowering activity of AST, ALT. Further
examination is needed.
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ABSTRACT

One of the most commonly studied yeast species in humans or animals
is Saccharomyces cerevisiae especially in its live cells form. Scarce
knowledge on its hydrolysate product effects in dogs forced us to test
diet supplemented with hydrolysed brewery S. cerevisiae (at a dose 0.3
% of the diet) for 14 days to healthy adult dogs. Twenty German
Shepherds were randomly divided into 2 groups: control and
experimental, ten dogs in each. The experiment lasted 42 days (blood
and faeces sample collection at days 0, 14, 28, and 42). The results of
this straightforward experiment showed significant increase in the
abundance of bifidobacteria (day 14), lactic acid bacteria (day 42) and
clostridia (day 42). The faecal pH was significantly increased at day 28.
In blood serum, the concentration of triglyceride and cholesterol
decreased (day 42) while activities of alanine aminotransferase (at day
14) and aspartate aminotransferase significantly increased (at days 28
and 42). Activities of these enzymes were above reference range top in
7 dogs (ALT) and 4 dogs (AST). Haematological parameters and activity
of phagocytes as well as on percentage of lymphocyte subsets CD4™,
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CD8*, CD4*CD8*, CD21* were not changed during the experiment. The
important point of these results is their onset mostly in the post-
supplementation period. The observation of some unexpected effects
emphasizes the need for reassessment to use yeasts products for dogs but
further studies using different doses are necessary.

Keywords: Saccharomyces cerevisiae; dog; serum biochemistry;
faecal analysis; heamatology

INTRODUCTION

Saccharomyces sp. is unicellular eukaryotic which converts
carbohydrates to carbon dioxide and alcohols by fermentation. Despite
Saccharomyces is not regularly detected genus in canine intestine,
several species of this genus have been studied as probiotics however in
dogs very rarely so far (Aktas et al., 2007; D"Angelo et al., 2018).
According results of human clinical trials, some strains of
Saccharomyces cerevisiae and Saccharomyces boulardii can be used to
treat acute stress-related intestinal dysmotility (West et al., 2016), to
prevent antibiotic or Clostridium difficile induced diarrhea, and to
attenuate acute gastroenteritis (rotoviral and bacterial) and traveller’s
diarrhea (Czerucka et al., 2007). In animals, detoxification of bacterial
toxins, improvement of digestibility and animal performance,
antagonism suppression of pathogenic bacteria, stimulation of immune
system and increase of activity-specific enzyme bacteria have been
reported (Elghandour et al., 2019). This yeast is frequently used as
nutritional supplement and source of B-complex vitamins and amino
acids also for animals (Yalcin et al., 2010; Chollom et al., 2017).

The aim of this study is to determine microbiological, biochemical,
haematological parameters and faecal characteristics in healthy dogs
after their diet was supplemented with 0.3 % of brewery S. cerevisiae
hydrolysate for 14 days. There is still lack of studies comprehensively
analyzing safety and effects of daily administration of yeast preparations
to healthy dogs.
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MATERIAL AND METHODS

Animals and diet

Adult dogs of German Shepherds breed (n=20; 2 males, 18 females) were
randomly divided into 2 experimental groups (ten dogs in each group):
to the C group (control, 2 males, 8 females; weight 31.6+3.1 kg; age
4.3+2.8; the E group supplemented with Progut (experimental group, 10
females; weight 31.5+3.0 kg; age 5.94+2.8. The dogs were administered
hydrolyzed brewery S. cerevisiae (processed with a patented EP 1387620
hydrolysis process, incorporated in the product PROGUT, Suemen
Rehu, Finland) daily during the feeding time (14 days) at a dose 3 g per
1000 g of diet. The chemical composition of lysate is following: moisture
6.0 %, crude protein 36.0 %, crude fat 2.0 %, ash 21.5 %, crude fiber 0.2
%, non-fibre extracts 34.3 %, calcium 0.2 %, phosphorus 3.7 %, sodium
1.3 %, lysine 1.6 %, methionine + cysteine 1.3 %, threonine 1.2 %.

Analysis of faecal samples

Fresh faecal samples were collected in air-tight containers at days 0, 14,
28 and 42 during morning individual walking. Microbial populations in
samples were determined according to the standard microbiological
method using the following selective media: MacConkey’s agar, M-
Enterococcus agar, MRS (all from Becton and Dickinson, Cockeysville,
USA); TOS-propionate agar with mupirocin-selective supplement,
Clostridium difficile agar base with addition of defibrinated horse blood
and Clostridum difficile selective supplement, Aeromonas medium agar
base (all from Oxoid, Basingstoke, UK) and Pseudomonas agar
(Himedia Laboratories, Mumbai, India). The results were expressed as
logio CFU per gram of faeces. Fresh faecal samples were visually scored
(FS-faecal score) according to the following system: 1 = hard dry faeces;
2 = hard, formed stool; 3 = soft, formed and moist stool; 4 = soft,
unformed stool; 5 = watery liquid. The pH values (pH Meter, Hanna
Instruments, Smithfield, Rhode Island, USA) were measured
immediately. The dry matter (DM) content was determined after drying
to constant weight at 105 °C (Ecocell, BMT Medical Technology s.r.o,
Brno, Czech Republic).
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Analysis of blood samples

Blood samples (from vena cephalica antebrachii) were collected at days
0, 14, 28 and 42 into EDTA tubes for haematology, with heparin for
immunological analyses and without anticoagulant for determination of
biochemical parameters.

Haematological parameters were analysed using the Cell-Dyn 3700
(Abbott Laboratories, Chicago, Illinois, USA). Biochemical parameters
in blood serum were determined using colorimetric methods
(Spectrophotometer UV-2550 Shimadzu, Kyoto, Japan) with Kkits
(Randox Laboratories Ltd., Crumlin, UK) for the following parameters:
total protein (TP245), albumin (AB 362), urea (UR 107), triglyceride
(TR 210), cholesterol (CH 200), glucose (GL 2623), alanine
aminotransferase (AL 100), calcium (CA 590), inorganic phosphorus
(PH 1016). The pH values of blood with EDTA anticoagulant was
measured using portable pH7+DHS portable pH-meter with XS 2 Pore
electrode (XS Instruments, Carpi, Italy).

Immunological analyses

Immunological analyses included testing of phagocytic activity and
phenotypying of selected lymphocyte subsets in heparinized blood.
Phagocytic activity was assassed by the Phagotest® (Orpegen Pharma,
Frankfurt, Germany) according to the guidelines. The flow cytometric
analysis was performed using a six color BD FACSCantoTM flow
cytometer equipped with blue (488 nm) and red (633 nm) lasers (Becton
Dickinson Biosciences, San José, California, USA). Data were evaluated
in the BD FACS DivaTM software. Selected lymphocyte subsets were
identified by direct staining with a combination of conjugated anti-dog
monoclonal antibodies (MoAb): CD4-FITC / CD8a-R-PE / CD21-Alexa
Fluor® 647 (ThermoFisher Scientific, Rockford, Illinois, USA). 50 uL
of heparinized blood was incubated with 8 pL anti-CD4 / anti-CD8a
Antibody coctail (clones: YKIX302.9 / YCATES5.9) and 4 pL anti-
CD21 MoAb (clone: LT-21) for 20 min in the dark at laboratory
temperature. After incubation, 1 mL of lysing solution (BD FACS
Lysing Solution, BD Biosciences, USA) was added to the tubes, then the
tubes were incubated for 20 min in the dark at laboratory temperature
and the content of the tubes was washed twice with 1 mL PBS (MP
Biomedicals, France). Before measurement, 100 pL PBS solution was
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added to the tubes. The analyses were carried out on a above described
flow cytometer. Proportions of lymphocytes are expressed in percentage.

Statistical analysis

The results are expressed as the mean =+ standard deviation. Statistical
analyses were performed using GraphPad Prism software (version 6.0).
Repeated-measures ANOVA (Tukey post-test) with the level of
significance set at P<0.05 was used to evaluate the experimental groups
of dogs.

RESULTS AND DISCUSSION

The addition of S. cerevisiae hydrolysate to the diet of dogs for 14 days
resulted in significant changes of several tested genera of bacteria but
almost all changes was observed in the post-treatment period (Table 1).

Table 1 Faecal microbial populations (log CFU/g) and faecal characteristics of
the dog supplemented with S. cerevisiae autolysate (for 14 days, E group) and
of the control dogs (C group)

Microorganims Group Day S.D. P-value
0 14 28 42

0.4496
E 342% | 528" | 329 | 4.96™ | 147 0.0020
Clostridium spp. C 7.79 8.18 8.33 8.15 0.80 0.4560
E 743 | 7.95® | 823" | 8.75° 13 0.0314
Enterococcus spp. C 4.4 4.35 4.55 4.60 0.82 0.3674
E 4.19 4.60 5.66 5.17 18 0.0224
C 8.23 7.73 7.90 8.15 0.85 0.4357

LAB a a ab b
E 7.82 7.15 8.43 8.46 13 0.0055
C 6.22 6.35 6.37 6.41 0.28 0.2762

hodnota pH a a b ab
E 6.13 6.23 6.55 6.46 0.28 0.0130

S.D. standard deviation
abep<0.05

Results of our study concerning faecal microbiology outlined significant
increases in the abundance of Gram-positive bacteria during
(bifidobacteria) or in the post-treatment period (lactic acid bacteria,
enterococci and clostridia). Similarly, Lin et al. (2019) reported greater
abundance of Bifidobacterium sp. in S. cerevisiae fermentation product-
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supplemented dogs. Bifidobacteria degrade hexose sugars through a
particular metabolic pathway, termed the “bifid shunt”, where the
fructose-6-phosphoketolase enzyme plays a key role.

This enzyme is considered to be a taxonomic marker for the family of
Bifidobacteriaceae (Felis et al., 2007). In contrast, application of live
yeast to beagle dogs at adose 2.9x108 CFU/g caused decrease of
Escherichia coli and enterococci in faeces compared to control group
(Lin et al., 2019). A consistency of faeces scored visually (faecal score)
and faecal dry matter were not significantly changed compared to
baseline (FS remains optimal between 2.5-3.0, P>0.05, Table 1). The
measurement of pH values of faecal samples revealed an increase with
the highest values detected at day 28 (by 0.4 compared to day 0, P<0.05).

Table 2 Haematological parameters of the dogs supplemented with S.
cerevisiae hydrolysate for 14 days (E group) and of the control dogs

Lev

= st T i-a) S T _P-_—_I-
Farma s 0 14 28 4 =L =i
Bedbocd c=l |2 727 751 743 743 0.35 03502
count

(GLy E 151 39 741 0.7 514
Whisblood | 100 a7 len 2.01 353 0.1002
Call oo

TLY E 1180 1128 1000 103 174 0.1992
Hesmogbbin 151.5 1523 17090 1704 211 0.1509
(=L E 1523 1628 185.02 1.1 133 02455
Hesmzioerit 0503 0.52 0.525 0517 005 1342
Ly E 0.501 0.51 0.505 0.506 o8 WEbCE:
Mrmroghls o 5 85 £ 15 £.08 178 1414
SO

GL E 3 780 652 £.82 235 25
Lmpeoe ¢ 1.5 L& 133 145 0.49 0.1540
SO

a1 E 1.2 L% L58 1.55 0.47 01532
Momoye 0.01 oE 0o3 0.9 0.29 04855
(GLy E 125 28 105 111 053 0.2008
Eesiogiils 0.58 o8 VER 0.49 033 .55
(GLy E 0.52 05 058 03¢ EERE]
Basophd: c 0.1 QL3 Q1g 0.08 0.08 2557
(GLy E 0.08 o1 01¢ 011 5031
Sieddgl G 56 7.55 7158 757 £242
. E 58 7.5 154 4331

5.0 stzndand deviztion

Haematological parameters were not affected significantly after the
application of S. cerevisiae hydrolysate to experimental group of dogs
(P>0.05, Table 2). Detection of blood pH did also not reveal any
significant differences. Significant decrease of white blood cell counts
detected Lin et al. (2019) in adult dogs which received S. cerevisiae
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fermentation product. Although we observed also lower white blood cell
count especially at day 28 (by 1.7 T/L) compared to baseline, the
difference was not significant.

Evaluation of serum biochemical parameters showed decreasing trend in
lipid profile after hydrolysate treatment compared to initial levels (Table
3). Significant decreases of serum triglyceride and cholesterol in our
experimental dogs is in agreement with several studies testing effects of
yeast hydrolysate on egg quality in laying hens (Bolakali et al., 207;
Yalcin et al, 2010). In these studies, serum cholesterol and triglyceride
but also egg yolk cholesterol decreased significantly at a dose 0.2, 0.3
and 0.4 % of yeast autolysate in the diet of hens. In our study, some
negative effects we detected on the activity of hepatic enzymes alanine
aminotransferase (ALT) and aspartate aminostranferase (AST). Both
enzymes were increased over reference range in 7 (ALT) and 4 dogs
(AST).

Table 3 Serum biochemical parameters of the dogs supplemented with S.
cerevisiae hydrolysate for 14 days (E group) and of the control dogs (C group)

Day
Parameter Group 0 1 28 2 S.D. P-value
Total C 68.3 711 70.1 67.9 5.11 0.3453
protein E 72.9 72.8 74.1 729 7 517 0.7925
Albumin c 37.8 38.4 39.1 39.7 3.1 0.3850
(gL) E 40.1 38.6 39.5 41.9 6.5 0.5153
Urea c " 656 " 651 " 672 " 679 0.79 0.6369
(mmoliL) E " 668 " 679 " 829 ! " 159 0.0258
Glucose c T 462 " 453 " 476 " 467 0.52 0.6652
(mmol/L) E " 452 " 439 " a0 " 465 0.44 0.0970
Triglyceride C 1.06 1.00 1.01 0.96 0.14 0.2934
(mmol/L) E 1.12* 1.11° 1.08% 1.01° 0.24 0.0764
Cholesterol C " 597 " 566 " 569 " 565 0.73 0.5172
r

(mmol/L) E 6.04° 5.62% 5.46% 5.02° 1.48 0.0546
Alanine c 0.266 0.303 0.297 0.317 0.072 0.2734
aminotransferase

(ukat/L) E 0.259* 0.411° 0.512% 0.428%® 0.279 0.0763
Aspartate c 0.177 0.227 0.202 0.246 0.077 0.1226
aminotransferase

(ukat/L) E 0.200° 0.177% 0.350° 0.342° 0.131 0.0003

- L4 v L4 4

Alkaline c 1.7 1.34 1.26 1.40 0.72 0.6921
phosphatase r v 4 4

(ukat/L) E 1.83 1.02 1.32 1.56 131 0.1613
Calcium c " 254 " 259 " 244 " 257 0.13 0.7672
(mmollL) E " 252 " 261 " 254 " 250 0.26 0.3795
Phosphorus c " 153 7 16 7 168 7 1m 0.20 0.1425
(mmol/L) E 1.72%® 1.75® 1.80° 152 0.27 0.1570

S.D. standard deviation
ab different letter indicate significant differences (P<0.05) over time in the same group
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No statistically significant differences in phagocytic activity summary,
phagocytic activity of neutrophils and monocytes and mean fluorescent
intensity was detected. Similarly, populations of cytotoxic and helper T
lymphocytes and B lymphocytes were not significantly changed after
yeast hydrolysate application (P>0.05).

CONCLUSION

The inclusion of 0.3 % of yeast hydrolysate to dog diet was associated
with effects such as increase in the abundance of bifidobacteria, lactic
acid bacteria and enterococci, faecal pH and decrease of serum lipid
profile (triglyceride, cholesterol). Whereas not all results were desirable
(increase of clostridia, liver enzyme activities), it is necessary to
reconsider the use of yeast hydrolysate for longer time to dogs. Further
testing with different doses will bring us more information.
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ABSTRACT

The severe equine asthma (SEA) affects an estimated 10 - 20% of horses
in the Northern Hemisphere and other temperate climates. It occurs
primarily in adult horses, usually 6 years of age or older. Therefore, it is
very important to be able to recognize asthma in time and start the
appropriate therapy. Feeding horses with asthma is specific and requires
adjustment of the feed ration.

Keywords: nutrition; steaming; hay; fatty acid; horses
ANATOMY OF THE RESPIRATORY SYSTEM

The main function of the respiratory system is to supply oxygen and
remove carbon dioxide from the blood. Air is delivered into the lungs
through a series of conductive airways that transfer ambient air to the
alveoli, where oxygen and carbon dioxide are exchanged. These
conducting airways include the nostrils, nasal cavity, pharynx, larynx,
trachea, bronchi, and bronchioles (Robinson et al., 2007). Apart from the
first few centimeters, the bronchi are completely surrounded by the lung
parenchyma. Unlike the lungs of most other mammals, the horse's lungs
are not divided into distinct lobes. (Robinson and Sorenson, 1978;
Robinson, 1982). Gas exchange occurs in the alveolar ducts and alveoli,
which are both characterized by an extensive pulmonary capillary
network, so that there is a huge vascular surface for the diffusion of
oxygen and carbon dioxide. Blood enters the pulmonary capillaries from
the right ventricle through the pulmonary arteries and returns to the left
atrium through the pulmonary veins. The bronchial circulation, which is
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a branch of the systemic circulation, also provides nutrients to the
bronchi, large vessels and the pleura (Robinson et al., 2007).

SEVERE EQUINE ASTHMA

Asthma is a chronic non-infectious inflammatory obstructive disease of
the lower respiratory tract. The terms that have been used to describe this
syndrome are numerous; reccurent airway obstruction (RAQ), chronic
obstructive pulmonary disease (COPD), heaves and broken wind
(Lavoie, 2007). The name of horse asthma is applied worldwide since
2015 (Bezdekova, 2020).

While SEA is observed in horses that are stabled and fed hay, a similar
clinical presentation is observed in some horses when pastured; the
condition is reversible by housing affected horses in a dust-free stable.
This syndrome has been called summer-pasture-associated obstructive
pulmonary disease (SPAOPD) and shares many clinical and pathological
similarities with asthma (Laurent et al., 2004). Other types of SEA does
occur, including incuced by heat, pollen and smoke. Other potential
triggers of equine asthma are exposure to traffic-related air pollution
such nitrogen dioxide, and fine particles. However, Couétil (2004)
claims that the evidence supporting these particles as aeroallergens is
currently only indirect.

During disease exacerbation, horses present exercise intolerance,
increased tracheobronchial exudate, mild to severely increased
respiratory efforts, and occasionally cough (Laurent et al., 2004).
Clinical signs are exacerbated by inhalation of dust particles present in
the stables, especially those associated with hay feeding. Therefore, SEA
is regarded as a disease of domestication.

When stabled, horses susceptible to asthma develop a marked and
persistent airway inflammation it is believed to be a consequence of the
immune response and genetic predispositions. During exacerbation,
bronchospasm is a major cause of airflow limitation, as indicated by the
rapid and significant (60—70%) improvement in lung function observed
following the administration of bronchodilators. In addition to
inflammation, a characteristic sign of heaves is the remodelling of the
airway wall. A result of airway remodelling is incompletely reversible,
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or even irreversible airway obstruction, bronchial hyper-responsiveness
and an accelerated decline in lung function (Leclere at al., 2011).

MODIFICATIONS OF FEEDING SCHEDULE

One of the first changes that needs to be made involves horse’s dietary
forage. The worst culprit is what the horses are eating (Conrad, 2021).

Most importantly, do not feed dry hay. Because hay is the No. 1 source
of aeroallergens, asthmatic horses should never be fed dry hay (Lesté-
Lasserre, 2020).

To feed hay, it is necessary soak it before feeding. Hay soaking involves
completely immersion the ration for 30 minutes, not just watering it
down with a hose. Other hay alternatives include oiled hay such as the
Nutri-Foin system, haylage, and pasteurized hay (Oke, 2021).

Steaming hay can be done instead of soaking hay. Couétil (2004) says
molds will persist if the hay is not fully steamed to the inside of the bale.
Furthermore, the steamers need to be thoroughly cleaned so that no mold
remains. Commercial steamers take about 1 hour per bale, and some
owners might find the cost prohibitive.

Experiment of 2015 from Moore-Colyer et al. showed steaming in the
commercial steamer reduced airborne respirable particles (ARP) and
microbial contamination by 99%. Steam treatment preserved mineral and
protein contents but reduced water-soluble carbohydrate by 18.3%.
Steaming with a commercial steamer is a realistic long-term strategy for
reducing ARP and microbial contamination, while conserving mineral
and protein content in hay and is thus suitable for providing hygienically
clean forage to stabled horses.

Bezdekova (2020) recommends haylage. Steaming prefers over soaking.
Lastly, she recommends feeding granulated or pelleted hay, especially
because of the financial demands.

Feeding long forage to stabled horses can help maintain normal time
budgets by satisfying the animal’s innate need to chew. Daily nutrient
requirements can be supplied by quality hay or haylage, although many
owners think haylage is too energy dense to be offered ad libitum and
thus prefer to feed horses a higher fiber lower energy forage such as grass
hay (Moore-Colyer et al., 2014).
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The degree of lower airway inflammation (% neutrophils in
bronchoalveolar lavage) was significantly lower when horses were
housed indoors and bedded on shavings versus straw or when steamed
hay versus dry hay (Dauvillier et al., 2018).

Finally, feeding omega-3 fatty acids is recommended as they can help
control the inflammatory response (Thunes, 2019). Omega-3 are
polyunsaturated fatty acids. These are substances that the horse cannot
make on its own and must absorb in food. They are also called essential
fatty acids (EFA). This group includes docosahexaenoic acid (DHA) and
eicosapentaenoic acid (EPA). Dietary fats serve as carriers for fat-soluble
vitamins A, D, E, and K. The horse needs a balance of Omega-3’s and
Omega-6’s to function at an optimal level, but the exact amounts of
Omega-3 : Omega-6 is not known. Omega-3 fatty acids control the
inflammatory response in the body and have positive health benefits.
Omega-6 fatty acids aid pro-inflammatory processes and excessive
levels of Omega-6, relative to Omega-3, may increase the probability of
a number of diseases.

Pasture grasses and hay, although including only 2% to 3% fat, have
greater concentrations of Omega-3 than Omega-6 fatty acids. Higher
levels of Omega-6 than Omega-3 fatty acids are in cereal grains, such as
corn and oats, along with sunflower and safflower seeds. Rice bran,
soybean and canola oils are higher in Omega-3 and lower in Omega-6
content than corn oil. The largest amount of Omega-3’s, with higher
levels of Omega-3 than Omega-6 fatty acids are in oils from soy, flax,
and canola seeds. The most concentrated plant source of Qmega-3 fatty
acids is flaxseed oil, and it is six times richer than fish oils in Omega-3
(Hygain, 2013).

Research has shown that long-term administration of DHA to horses has
a positive effect on reducing the inflammatory response in horses with
asthma. The positive effect was demonstrated at a dose of 1.5 to 3 grams
of DHA per day for at least 2 months (Rizkova Hordkova, 2020).

If horses are turned out on pasture, Omega-3’s are probably not indicated
because grass pasture is usually a good source of Omega-3. Further,
haylage is a good source of Omega-3’s, so owners may not need to
supplement if feeding this roughage either (Couétil, 2004).

124 |



nET NutriNet | 2021

CONCLUSION

It is not possible to create a sterile environment for the horse, the goal is
to reduce exposure to inhalation particles so as to minimize the
symptoms of asthma in the horse. The most important is dust-free
feeding of roughage. Haylage, pasture and steamed hay are among the
recommended feeding methods. Supplementation of omega-3 fatty acids
has a positive effect on the control of airway inflammation. Furthermore,
adequate ventilation and air flow in stables, use commercial dust-free
wood shavings, cardboard, or other low-dust options for bedding, storage
of hay and straw outside the stables, turn horses out for at least 12 hours
a day, groom horses outdoors, and clean stables when horses are turned
out. These principles must be followed throughout the life of an
asthmatic horse. Appropriate drug therapy is a matter of course.
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ABSTRACT

This in vitro study evaluated the effect of four medium-chain fatty acids
(MCFA, i.e., caprylic (C8:0), capric (C10:0), lauric (C12:0), and myristic
acid (C14:0)), used alone or in binary combinations, together with nitrate
(NT) on rumen fermentation and methane (CHa) production. Using a 24
h batch incubation, the experiment showed that all the MCFA+NT
treatments reduced (P<0.001) CH4 production; the most potent treatment
being C10:0+NT and the least effective C14:0+NT. Notably, the
treatments had no effect (P=0.051) on apparent dry matter disappearance
(aDMd) and net production of volatile fatty acids (n"VFA), which shows
that fermentation of feed was not adversely influenced. These results
show the benefit of combining lower doses of feed additives with
complimentary modes of action to enhance rumen fermentation.

Keywords: medium chain fatty acid; nitrate; methane production

INTRODUCTION

The world population continues to grow and with it the demand for
animal-sourced food; there is an estimated increase of 80% in demand
by 2050 for beef (Honan et al., 2021). Ruminants gain energy from the
digestion of plant fibres in the rumen, where various microorganisms
degrade feedstuff and produce volatile fatty acids (VFA), carbon dioxide
(COy), and hydrogen (H2) (Qomariyah et al., 2020). VFA are used as the
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main source of energy for the animal, and CO: is reduced to methane
(CH4) by methanogens, with methanogenesis, therefore, functioning as
an electron sink for the entire ruminal ecosystem (Friedman, Jami, &
Mizrahi, 2017). However, the CH4 produced during fermentation means
a significant loss of energy (Elghandour et al., 2019) and contributes to
the phenomenon of global warming (Black, Davison, & Box, 2021). To
enhance rumen fermentation, various strategies have been tested, and
among them is the use of feed additives (Troy et al., 2015). Medium
chain fatty acids (MCFA) can directly affect methanogens and inhibit
protozoa (Soliva et al., 2003). Furthermore, Troy et al., 2015 suggested
nitrate (NT) could provide an alternative Hz sink to outcompete
methanogens. Methanogens may be even directly suppressed by NT's
intermediate, nitrite (Zhou, Yu, & Meng, 2012).

Therefore, the objective of this study was to test the effects of individual
MCFA and their binary combinations in addition with NT. We
hypothesized that two feed additives with complementary modes of
action would be more effective than single additives, and by using them
combined in lower doses, detrimental effects on health of the animal
would be avoided.

MATERIAL AND METHODS

The effects of four MCFA (C8:0, C10:0, C12:0, and C14:0, i.e., caprylic,
capric, lauric, and myristic acid, respectively; purity > 99%) used alone
(500 mg/l) or in binary combinations (250 mg/l + 250 mg/l) together with
NT (sodium nitrate as a source of NT; 5 mM) on rumen fermentation and
CHs production were evaluated using a 24-h batch culture incubation.
The experimental substrate (corn silage (300 g/kg), alfalfa silage (300
g/kg), and barley (400 g/kg) on DM basis) was ground to pass a 1-mm
screen and subsequently weight (200 mg) into sterile CO2-flushed serum
bottles. After obtaining the rumen fluid from two early lactation Holstein
cows, it was strained through a stainless steel sieve (250 pum; Retsch,
Haan, Germany), pooled in equal portions and mixed with a medium
(1:3, vl/v; preparation described by Menke et al., 1979) to prepare a
culture fluid. The culture fluid was gassed with CO- and kept for 10 min
at 39°C before the bottles were filled up. By pipetting of 200 pl of filter
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sterilized distilled water and ethanol stock solutions, sodium nitrate and
MCFA, respectively, were added to the bottles to reach the desired
concentration in the culture fluid. The control and blank bottles
contained the equivalent amount of water and ethanol, so any effects on
fermentation of the solvents were compensated for. In all incubation,
only CO2 was the initial headspace gas phase. Afterwards, using a bottle
top dispenser (Calibrex 530 salutae, Socorex, Switzerland), 20 ml of the
culture fluid was dispensed into each serum bottle and the bottles were
gassed with CO». After sealing, all the serum bottles were placed in a
temperature-controlled water bath (SW 22, Julabo, Germany) kept for 24
h at 39°C with a shaking frequency of 90 rpm. After the incubation, total
volume of produced gas was estimated from the headspace gas pressure
using Boyle’s Law equation (Romero-Pérez & Beauchemin, 2018). The
headspace gas pressure was measured via manometer (Traceable, Fisher
Scientific, Pittsburgh, USA). Using a 23-gauge needle, the headspace gas
was sampled by displacement into a pre-filled tube with distilled water.
In accordance with Joch et al., 2019, the concentration of CHa in the
headspace and of each VFA in the cultures was measured by gas
chromatography, and apparent dry matter disappearance (aDMd) was
determined gravimetrically. Finally, as described by Weatherburn, 1967,
NHz3-N concentrations in the cultures were determined by the indophenol
method. The analysis of the main effect of treatment was carried out via
the PROC MIXED procedure of SAS (SAS Enterprise Guide 6.1, SAS
Institute Inc., Cary, NC, USA) according to a randomized complete
block design, using run (n = 2) as the blocking factor. Technical
replicates were averaged per run before statistical analysis.

RESULTS AND DISCUSSION

The effects of MCFA+NT on in vitro rumen fermentation characteristics
are presented in Table 1 and Table 2. Notably, all of the treatments
reduced (P<0.001) total gas production (mL/gDMi) (TGP) and showed
the ability to suppress (P<0.001) CH4 production when expressed as
CH4 production per aDMd, per net production of VFA (nVFA), and
relatively per TGP. No treatment affected (P<0.001) aDMd nor nVFA,
which is in agreement with Soliva et al., 2003, and Yanza et al., 2020.
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Previously, when C10:0 alone was tested, a 23% (Goel et al., 2009) and
a 17% (Dohme et al., 2001) decrease in VFA production was reported.

An increase in pH was recorded in all treatments; however, the average
pH of the control sample was 5.89 and the highest value was 6.25
(C10:0+NT; an increase by roughly 6%), therefore, the parameter
remained in the physiological range of the rumen (5.5-7.0; Krause &
Oetzel, 2006). As the vast majority of molar proportions of VFA was not
altered (P<0.001) and the net NHs-N concentrations increased (P=0.002)
in all treatments, it can be assumed that NT served as an alternative
electron acceptor to methanogenesis, as NT is reduced to nitrite and
finally to ammonia in the rumen (Marais et al., 1988). The treatments
C10:0+NT and C8:0/C10+NT elevated (P<0.001) NH3-N concentrations
the most prominently, with an increase of 94.1% and 84.4%,
respectively.

The treatment C10:0+NT was the most potent CHa inhibitor; it reduced
(P<0.001) methanogenesis by 37.2% (mL/g aDMd). In previous studies,
capric acid (C10:0) had either no effect on CH4 production (Dohme et
al.,, 2001), or a dose dependent effect, where 0.4 and 0.6 mg/mL
incubation medium decreased methanogenesis by 44% and 88%,
respectively (Goel et al., 2009). Currently, C10:0+NT was the only
treatment that affected (P<0.001) molar proportions of VFA; butyrate
and valerate increased (P<0.001) by 31.4% and 32.1%, respectively, at
the expense of acetate which decreased (P<0.001) by 8.5%. This shift
towards butyrate production was observed by Meng et al., 2010 when
NT was supplemented. This is in line with a proposition, that the
production of butyrate is alternative to methanogenesis (Panyakaew et
al., 2013). The decrease in acetate production in C10:0+NT may have
aided the decrease in methanogenesis, as the formation of acetate
generates H> (Zhao et al., 2015). Contrary to our results, Latham et al.,
2016 and Zhao et al., 2015 concluded that NT increases acetate
production at the expense of butyrate production. Furthermore, in the
present experiment, C10:0 enhanced the effects of other MCFA in the
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Table 1. Effects of medium-chain fatty acids (MCFA) and nitrate (NT) on in vitro gas and methane production, apparent dry
matter disappearance (aDMd), ammonia-N concentration, and pH

Treatment TGPf Methane aDMd# Net NHz-N pH
(mg/100

(mL/g (mL/g (% TGP) (mL/g (mol/mol (9/9) mL)

DMi?%) DMi) aDMd) nVFAY)
Control 303.4 36.9 12.2 58.3 0.218 0.636 135 5.89
Nitrate 294.3* 30.9* 10.5* 50.2* 0.184 0.620 20.8* 6.04*
C8+ NT 289.5* 28.3* 9.8* 43.4* 0.164 0.654 20.7* 6.04*
C10 + NT 269.3* 23.2* 8.6* 36.6* 0.162 0.642 26.2* 6.25*
C12 + NT 286.7* 28.2* 9.8* 45.0* 0.161 0.631 21.0* 6.11*
Cl4 + NT 294.7* 31.3* 10.6* 53.1* 0.183 0.592 23.1* 6.06*
C8/C10 + NT 278.9* 25.9* 9.3* 40.5* 0.201 0.644 24.9* 6.17*
C8/C12 + NT 288.1* 27.3* 9.5* 41.9* 0.179 0.657 22.2* 6.11*
C8/C14 + NT 294.4* 29.9* 10.2* 46.6* 0.171 0.645 24.0* 6.04*
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C10/C12 + NT 274.0* 24.3* 8.9* 39.1* 0.149 0.628 23.9* 6.16*
C10/C14 + NT 283.1* 26.7* 9.4* 41.8* 0.156 0.640 22.1* 6.12*
C12/C14 + NT 288.4* 28.7* 9.9* 46.7* 0.161 0.617 22.1* 6.09*
SEM 3.26 0.79 0.19 1.54 0.0063 0.0071 1.32 0.026
P-value <0.001 <0.001 <0.001 <0.001 0.190 0.051 0.002 0.001

T Total gas production; * apparent dry matter disappearance; ¥ dry matter incubated; 9 net production of volatile fatty acids
* Means within a column differ significantly (P < 0.05) from corresponding control (0 mg/L). SEM, standard error of the mean

Control (no MCFA, no NT), NT (5 mmol/I of sodium nitrate), C8 + NT (500 mg/l of C8 + 5 mmol/l of sodium nitrate), C8/C10 + NT (250
mg/l of C8 + 250 mg/I of C10 + 5 mmol/l of sodium nitrate) etc.
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Table 2. Effects of medium-chain fatty acids (MCFA) and nitrate (NT) on in vitro volatile fatty acids production and

proportion
Treatment nVFA' Molar proportion of VFA (mol/100 mol) A:P}
(mmol/L)
Acetate Propionate Butyrate iso- Valerate  iso-valerate
butyrate
Control 66.6 60.1 19.7 11.8 0.7 5.3 24 3.1
NT 65.8 62.4 19.1 104 0.8 4.9 24 3.3
C8+ NT 68.1 61.4 204 10.9 0.9 4.2 2.3 3.0
C10 + NT 56.6 55.0* 18.7 15.5* 1.0 7.0* 2.8 3.0
C12 + NT 68.5 61.2 19.6 10.5 0.9 54 2.3 3.2
Cl14 + NT 69.0 61.8 195 10.3 0.8 5.2 24 3.2
C8/C10 + NT 56.2 60.5 18.3 12.9 0.1 5.6 2.6 3.3
C8/C12 + NT 62.8 59.1 20.5 11.6 1.0 5.3 24 2.9
C8/C14 + NT 69.4 60.3 20.7 10.7 15 4.5 24 2.9
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C10/C12 + NT 64.4 56.7 21.0 12.3 1.6 6.0 2.5 2.7

C10/C14 + NT 67.1 58.9 20.5 114 1.6 53 2.3 2.9

C12/C14 + NT 70.5 59.6 20.8 10.3 1.7 5.3 2.3 2.9
SEM 2.39 0.48 0.33 0.31 0.14 0.24 0.11 0.06
P-value 0.287 0.013 0.105 <0.001 0.227 0.001 0.163 0.205

T Net production of volatile fatty acids; * acetate:propionate

Control (no MCFA, no NT), NT (5 mmol/I of sodium nitrate), C8 + NT (500 mg/l of C8 + 5 mmol/l of sodium nitrate), C8/C10 + NT (250
mg/l of C8 + 250 mg/I of C10 + 5 mmol/l of sodium nitrate) etc.
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binary mixtures. And, on the other hand, when mixed, all the MCFA
reduced the ability of C10:0 to decrease CH4 formation.

As the most effective inhibitor of methanogenesis, C10:0+NT was
followed by the treatment C10:0/C12:0+NT (-32.9%; P<0.001). The
effect of treatments further decreased in the following order:
C8:0/C10:0+NT > C10:0/C14:0+NT > C8:0/C12:0+NT > C8:0+NT >
C12:0+NT > C8:0/C14:0+NT > C12:0/C14:0+NT > C14:0+NT. The
lack of a stronger effect of C12:0/C14:0+NT was surprising to the
authors, as this combination of MCFA is believed to be the most
effective (Dohme et al., 2001, Machmiiller et al., 2006). These authors
did not add NT to the treatments; therefore, it could be assumed that
C12:0 and C14:0 have a similar mode of action as NT, and their effects
aren’t additive. Differing proportions of these MCFA in a mixture
resulted in a 96% and an 87% reduction in methanogenesis, where the
ratio of C12:0 and C14:0 was 2:1 and 1:1, respectively (Soliva et al.,
2004). The addition of C14:0 to NT did not further enhance the CH4
suppressing effect, in fact, CHs production was 5% higher than when NT
was incubated alone. Soliva et al., 2003 reported no effect of C14:0 on
methanogenesis, and Dohme et al., 2001 achieved a 12% decrease in CHs4
production.

CONCLUSION

The magnitude of CH4 suppression of MCFA depends on their type and
combination. In our study C10:0+NT was the most effective inhibitor of
methanogenesis. NT appears to have functioned as an electron acceptor,
which might have prevented a shift in molar proportions of VFA. These
results show the benefit of combining lower doses of feed additives with
complimentary modes of action to enhance rumen fermentation.
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ABSTRACT

The influence of crude protein deficiency on blood biochemical
parameters of fattened chickens of the Ross 308 hybrid combination was
evaluated. The chickens were divided into two groups with two different
diets — control (with a standard level of crude protein corresponding to
the recommended content) and test (with a 30% deficiency of crude
protein in comparison with control). From the 14" to 35" day of age, the
control group reached a higher body weight (P<0.05) compared to the
test group (389 vs. 278 g; 1,875 vs. 1,694 g). Significant differences
(P<0.05) between control and test were found in the following blood
parameters: albumin (15.238 vs. 14.188 g/l), cholesterol (2.821 vs. 3.623
mmol/l), triglycerides (0.489 vs. 0.683 mmol/l) and globulin fractions a-
2 glob (0.181 vs. 0.199%), B-2-glob (0.056 vs. 0.064%) and y-glob
(0.087 vs. 0.121%).

Keywords: poultry nutrition; crude protein; blood biochemical
parameters; metabolism; Ross 308

INTRODUCTION

Blood analysis is widely used in the medicine of large livestock, it is not
commonly used in poultry medicine due to the absence of a large part of
reference physiological values (SILVA et al., 2007). In the evaluation of
the level of nutrition through biochemical blood parameters, it is
essential to evaluate those parameters that we rank as the basic indicators
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of metabolism. The existence of the organism depends not only on the
intake of nutrients, but also on the ability to use them and on the
subsequent exclusion of end products of metabolism and undigested feed
residues (JELINEK et al., 2003). Metabolism is regulated in the body by
neurohumoral and metabolic regulatory mechanisms that stabilize the
internal environment and homeostasis of the body. The basic functions
of metabolism include the conversion of ingested nutrients into the
body's own substances (tissues, organs), the creation and storage of
energy storage forms and the ability to convert it to work (DOUBEK et
al., 2017). Nitrogenous substances play a very important role in the
nutrition of broiler chickens. Thus, in biochemical analysis of poultry
blood, we can evaluate several substances as indicators of nitrogen
metabolism — total protein and ammonia level in the blood, uric acid,
creatinine, etc. The available studies suggest that the level of total protein
and ammonia in the blood, together with the reduction of crude protein
in the diet decrease (ALAGAWAY et al., 2014; HERNANDEZ et al.,
2012), even when replaced by amino acids (ALAGAWAY et al., 2014).
Uric acid is directly related to the amount of nitrogenous substances
ingested in the diet, as suggested by HERNANDEZ et al. (2012). Its
decrease in crude protein deficiency in feed may be due to reduced
availability of glycine for uric acid synthesis in the liver (NAMROUD et
al., 2008). The experiment of HERNANDEZ et al. (2012) also showed a
lower blood glucose level in chickens fed a rich-protein diet. The level
of creatinine in a low crude protein diet increases which is confirmed by
several studies (NDAZIGARUYE et al., 2019; ARCZEWSKA-
WLOSEK et al., 2018). The aim of this study is to determine whether
and how crude protein deficiency in the diet affects selected biochemical
parameters of the blood in fattened broilers.

MATERIAL AND METHODS
Animals and experimental diets

In 4 replicates, a total of 48 broiler chickens, 1-day-old hybrid Ross 308,
were chosen for the experiment. Chickens were randomly divided into 2
different experimental groups with 24 birds per feeding group (6 birds
per cage). Temperature and humidity were measured and recorded at
regular intervals, using an automatic sensor according to the
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technological instructions (AVIAGEN, 2018). The health of the
chickens was checked regularly. Non-pelleted feed mixtures were used
for feeding. Chickens were fed ad libitum every day and had a constant
supply of water. The feed mixtures were replenished at the same time
every day, residues were regularly collected and weighed. The body
weight was noticed regularly every week. There were used 2 different
diets for starter and grower in the trial. The composition of the feed
control diets for starter and grower were recommended nutritional
requirements of the relevant category according to the recommended
nutrient content in feed mixture for Ross 308 chickens (AVIAGEN,
2019). The second experimental diet was designed to contain
approximately 30% of nitrogen deficiency in starter and grower.
Composition and nutrient content of these mixtures are shown in table 1.

Table 1. Composition and nutrient content of feed mixtures

c K Starter Grower
omponents (g/kg) C T C T
Wheat 195 382 224.7 400.1
Maze 290 352 330 348
Soybean meal 430 195 323.3 175
Limestone milled 6 6.5 4.4 4.9
Rapeseed oil 41 20 45 30
Vitamin-mineral premix*2 30 30 30 30
Monocalcium phosphate 8 8 7.3 7.3
L-Lysine - 5.8 0.3 4.5
DL-Methionine - 0.7 - 0.2
Wheat gluten - - 35 -
AMEN (MJ)? 12.55 1255 | 12.97  12.97
Dry matter 860 860 860 860
Crude protein 227.75 159.09 (212.12 146.34
Ether extract 57.77 37.25 | 69.79 47.76
Crude fiber 26.48 20.29 | 24.91 19.73
Ash 65.22 51.8 52.39 50.34
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Legend: Vitamin-mineral premix for starter contains (per kg): L-lysine 2.34 g; DL-
Methionine 2.4 g; Threonine 0.99 g; calcium 5.25 g; phosphorus 1.95 g; sodium
1.44 g; copper 15 mg; iron 84 mg; zinc 99 mg; manganese 99 mg; iodine 0.99 mg;
selenium 0.18 mg; retinol 13,500 IU (international units); calciferol 5,001 1U;
tocopherol 45 mg; phylloquinone 1.5 mg; thiamine 4.2 mg; riboflavin 8.4 mg;
pyridoxin 6 mg; cobalamin 30 pg; biotin 0.21 mg; niacinamid 36 mg; folic acid 1.8
mg; calcium pantothenate 13.5 mg; cholin chloride 180 mg. ?Vitamin-mineral
premix for grower contains (per kg): L-lysine 2.58 g; DL-Methionine 2.52 g;
Threonine 1.47 g; calcium 5.04 g; phosphorus 1.65 g; sodium 1.38 g; copper 15 mg;
iron 75 mg; zinc 99 mg; manganese 99 mg; iodine 0.9 mg; selenium 0.36 mg;
retinol 9,900 IU (international units); calciferol 5,001 1U; tocopherol 45 mg;
phylloquinone 1.5 mg; thiamine 4.2 mg; ri-boflavin 8.4 mg; pyridoxin 6 mg;
cobalamin 28.8 ng; biotin 0.18 mg; niacinamid 36 mg; folic acid 1.71 mg; calcium
pantothenate 13.35 mg; cholin chloride 180 mg. 3Apparent metabolize energy,
calculated value. C — control group; T — test group with crude protein deficiency.

The experiment lasted for 35 days. At the end of the trial, broilers were
weighted, slaughtered and the blood samples were collected. After
slaughter, the carcasse weight was recorded and the yield of breast and
thigh muscles was measured.

Sample collection and data processing

The feed intake was calculated daily, the weight changes were measured
weekly.

The blood samples were collected into heparinized tubes after the
slaughtering. Plasma was collected after centrifugation (15 minutes,
3,000 rpm) till 2 hours after blood collection and then it was frozen (-20
°C) until biochemical examination. The following parameters were
determined using standardized biochemical methods using Erba
Lachema (Czech Republic) commercial sets on the Ellipse automatic
biochemical analyzer (AMS Spa, Italy) in blood plasma samples:
enzymes activity AST — aspartate aminotransferase; GGT — gamma-
glutamyltransferase; ALT — alanine aminotransferases; ALP — alkaline
phosphatase and LD — lactate dehydrogenase. As other markers of
hepatic metabolism, nitrogen and fat metabolism, was determined
concentrations of the total bilirubin — Bili, TG — triglycerides,
cholesterol, urea, creatine kinase, creatinine, TP — total protein, albumin
and globulin fractions determined by protein electrophoresis. The
content of globulins (total protein minus albumin) and albumins to
globulins ratio were calculated.
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The carcass weight, yield of breast and thigh muscle were weighed and
calculated per kg of live weight.

The obtained data were processed in StatSoft Statistica, version 12.0 and
Microsoft Excel. Analysis of Variance (ANOVA) with a one-way design
using the general linear model was performed and the level of
significance was established at P<0.05.

RESULTS AND DISCUSSION
The feed intake and live weight

The average feed intake from the control group compared to test group
didn’t show any significant differences (P>0.05), as shown in Table 2.

Table 2. Average feed intake of chickens

Average feed intake per Average feed intake per day
Group [ n .
experiment (g) )
Mean = SE
C |4 2430.21 + 50.58 114.86 + 1.445
T |4 2477.15 + 139.21 121.67 +  3.977

Legend: There were found no statistically significant differences (P>0.05). n — number
of cases; C — control group; T — test group with crude protein deficiency; SE — Standard
error

Nevertheless, the crude protein depleted group showed a slightly higher
average total and daily feed intake compared to the control group.
However, none of the groups met the target set by AVIAGEN
publication Ross 308: Performance Objectives (2019) which is 3,290 g
per 35-days-old hybrid. Although the feed intake didn’t show statistically
significant changes, weight of the chickens from the second week of age
between groups was distinct, as shown in Figure 1.
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Figure 1. Average weight of chickens during the trial
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Legend: ®® means there were found statistically significant differences (P<0.05).

14-day-old chicken from control group (n=12) weighed an average of
389 g, chicken from the test group weighed 278 g. This contrast was
further exacerbated at the end of the experiment, when a 35-day-old
chicken from the control group weighed 1,875 g and chicken from the
test group weighed 1694 g on average. None of these values meet the
targets reported by AVIAGEN (2019), where the average chicken weight
of this hybrid combination should be approximately 2,235 g at 35 days
of age.

As demonstrated by MALOMO et al. (2013), chickens fed a higher
proportion of crude protein (20-22% in the diet) showed higher feed
intake compared to groups fed a lower proportion of crude protein (16—
18%), which wasn’t observed in our experiment. However, a statistically
significant difference (P<0.05) was recorded in weight gain, where
chickens fed a higher proportion of crude protein reached a higher weight
compared to chickens fed a lower proportion of crude protein. Also, the
experiment of BREGENDAHL et al. (2002) showed a close relationship
between different dietary crude protein levels and carcass vyield,
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including live weight. A similar trend was observed in the study of
MAIA et al. (2021), where chickens fed diet with higher proportion of
crude protein (22%) showed higher body weight gains compared to
chickens fed diet with lower proportion of crude protein (19%). Similar
to our case, in this experiment was noticed a slight increase of feed intake
in chickens fed a lower proportion of crude protein compared to the
control group. The slightly higher feed intake with simultaneously lower
average body weight in chickens fed a test diet in our experiment may be
caused by absence of sufficient essential amino acids needed for muscle
growth and formation.

Blood biochemical parameters

The aim of this study was to determine whether and how crude protein
deficiency in the diet affects selected biochemical parameters of the
blood of fattened broilers — in our case mainly the parameters used in
the assessment of nitrogen metabolism. Obtained results are shown in
Table 3.

Table 3. Blood biochemical parameters

Group C T
n 8 8

Mean + SE
ALT (ukat/l) 0.31+0.034 0.296 £ 0.020
AST (pkat/1) 3.753+0.276 4.024 £0.591
GMT (pkat/l) 0.230+0.015 0.241+£0.014
ALP (pkat/l) 92.325 + 13.500 153.9 +28.404
LD (ukat/l) 17.336 £ 2.071 23.23 +5.935
CK (ukat/l) 221.578 £38.615 310.355+104.751
Thili (umol/1) 4.835+1.709 6.422 +£2.271
Urea (mmol/Il) 1.616 £ 0.174 1.371+0.136
Creat (umol/l) 30.8 £ 1.068 29.738 £ 1.033
UA (umol/1) 226.75 £30.534 234.688 + 17.44
TP (g/1) 30.95+0.889 33.763 £ 1.557
Alb (g/l) 15.238 + 0.403? 14.188 + 0.580°
Glob (g/l) 15.713 £ 0.626 19.575 +1.182
Alb/Glob 0.978 + 0.04% 0.737 + 0.039°
Glu (mmol/l) 14.271 + 0.553 13.609 +0.512

145 |



NutriNet

2021

Chol (mmol/l)
TG (mmol/l)
a-1 glob (%)
a-2 glob (%)

2.821+0.1172
0.489 + 0.0332
0.042 + 0.0026
0.181 £ 0.0028*

3.623 £ 0.182°
0.683 + 0.044°
0.046 + 0.0030
0.199 + 0.0047°

B-glob (%) 0.140 + 0.0027 0.148 + 0.0075
B-2-glob (%) 0.056 % 0.0027 0.064 % 0.0025
y-glob (%) 0.087 + 0.0078° 0.121 % 0.0086

Legend: 2P means there were found statistically significant differences (P<0,05). ALT
alanine aminotransferases; AST — aspartate aminotransferase; GMT - gama-
glutamyltransferase; ALP — alkaline phosphatase; LD — lactate dehydrogenase; CK —
creatine kinase; Thili — total bilirubin; Creat — creatinine; UA — uric acid; TP — total
protein; Alb — albumin; Glob — globulin; Glu — glucose; Chol — cholesterol; TG —
triglycerides; a-, B-, y-glob — globulines; n — number of cases; SE — Standard error

Experiments of ALAGAWAY et al. (2014) and HERNANDEZ et al.
(2012) suggest that the level of total protein in the blood decreases with
the reduction of crude protein in the diet, which, however, our
experiment didn’t confirm. In contrast, a small but statistically
inconclusive increase in blood TP was noted in the deficient group,
which was also observed by MAIA et al. (2021). The main product of
nitrogen metabolism in birds is uric acid. It’s content in blood plasma
and faeces should increase with increasing nitrogen intake in feed
(THRALL et al., 2012), which wasn’t confirmed in our experiment.
Another important indicator of nitrogen and energy metabolism is also
creatine kinase, which acts as a catalyst for reversible phosphorylation,
whose increased activity indicates skeletal muscle damage or increased
physical exertion (DOUBEK et al., 2010). In our study its value was
higher in the test group, but the changes weren’t statistically significant.
However, demonstrable differences were detected in the results of blood
parameters of albumin, cholesterol, triacylglycerols and several globulin
fractions (highlighted in the Table 3). Albumins in blood plasma
primarily maintain osmotic pressure and evaluate the synthetic function
of the liver (DOUBEK et al., 2010). Also, it can serve as protein source
under feed restricted conditions (YANG et al., 2009). In our study, their
proportion was higher in the control group compared to the test group,
which also confirms MALOMO et al. (2013). Changes in the
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concentration of globulins and their fractions, which were higher in the
test group (P<0.05), may indicate liver disease (KRAFT and DURR,
2001). It could be confirmed by higher activity of liver enzymes (ALT,
AST, GMT, LD) but, however, in our case weren’t observed significant
changes (P>0.05) in the liver enzymes activity between groups. Plasma
TG levels were significantly higher in the test group (P<0.05). This
detection was confirmed by ROSEBROUGH et al. (1999) who used a
diet with a lower proportion of nitrogenous substances while preserving
the energy. The opposite trend was observed in the experiment of
JARIYAHATTHAKIJ et al. (2018). The low protein level also led to
increase cholesterol, which confirms ABD-ELSAMEE et al. (2020) in
their study.

CONCLUSION

Feed intake, live weight and blood biochemical parameters were
monitored in broiler chickens. Our experiment didn’t show any
statistically significant differences in feed intake during the 35-days-long
fattening period between the control group and the test group.
Statistically significant differences were observed in live weight — since
14" day of age the control group have reached higher weight gain
compared to the test group. Differences in blood biochemical parameters
between control and test group were detected in albumins, cholesterol,
triglycerides and globulin fractions. In the present study, the obtained
data indicate that early nutrient reduction could affect the protein and
lipid metabolism, which was reflected in the changes of several blood
metabolites.
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ABSTRACT

The effect of the addition of protein supplements (soybean meal and
sunflower meal) to triticale on the production parameters of young
pheasants was studied. Use of both protein supplements as a part of
concentrated feed (triticale) led to significantly higher body weight (P
<0.001, resp. P <0.01), improved feed conversion ratio and lower
mortality of young pheasant in comparison to control group. In all
groups, the live weight of pheasant roosters was on average 300 g higher
than hens. Higher weights in cocks compared to hens were also found in
the pectoral muscle, thigh muscle, wings and trunk. Only the weight of
abdominal fat was higher in hens compared to cocks in all groups. The
increase of protein concentration in young pheasant nutrition positively
affected their development before their release into the free nature.

Keywords: pheasant chickens, production, triticale, soybean meal,
sunflower meal

INTRODUCTION

The success of livestock farming is affected by the level of nutrition. This
also applies to the breeding of feathered game released into the wild. For
the survival of artificially bred pheasants after release into the free
nature, their weight is important. In the first stages, the pheasant chickens
are intensively fed complete feed mixtures, in the pre-release phase they
are fed green fodder supplemented with cereals in an effort to bring their
nutrition closer to natural conditions (Kokoszynski, 2014). Triticale is

150 |



nET NutriNet | 2021

characterized by a higher protein content than most cereals. It has more
favorably balanced amino acids than wheat and rye. It contains a higher
proportion of lysine and sulfur amino acids. The energy value of triticale
is similar to that of wheat and higher than that of rye. A high proportion
of triticale can be used in poultry diets without any side effects (Leeson
and Summers, 1997). Soybean meal is a quality protein feed in the diets
of all kinds of animals. Due to the content of antinutritive substances,
soy must be heat treated before feeding. Sunflower meal can be a very
useful component of compound feed as a protein supplement, especially
in areas where soybeans are not grown. The sunflower from which the
extracted meal is produced is suitable in compound feeds, especially
during washing, because it has a beneficial effect on the color saturation
and gloss of feathers (Leeson and Summers, 2005). The aim of the study
was to monitor the effect of the addition of soybean and sunflower
extracted meal to cereals (triticale) on the growth intensity, conversion
of the mixture and production parameters during the 3rd phase of
breeding pheasant chickens.

MATERIAL AND METHODS

600 pheasant chickens, 12 weeks old, were included in the experiment.
Pheasants were divided into 3 groups of 200 chickens, in equal
proportions hens and roosters. The chickens were housed in aviaries with
access to green forage and the addition of concentrated feed ad libitum.
Group T was supplemented with crushed triticale throughout the
observed period. In group T+SB, triticale was combined with soybean
meal in an amount of 10% in the feed. In group T+SF a 12% supplement
of sunflower meal was added to the triticale. The weight of randomly
selected pheasant chickens (n = 50, 25 roosters and 25 hens) and feed
consumption were recorded at 2-week intervals. Chicken mortality was
monitored daily. The content of nutrients in concentrated feeds (dry
matter, crude protein, ash, fat, fiber and nitrogen-free extractives) was
determined according to Commission Regulation (EC) No. 152/2009.
The feed conversion factor was calculated. At week 22 of follow-up, 25
males and 25 females from each group were slaughtered, defeathered and
eviscerated, and their carcasses were dissected. Yield and percentage of
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breast, thighs, wings, torso and abdominal fat were monitored. The
obtained results were evaluated statistically (ANOVA).

RESULTS AND DISCUSSION

The results of the analysis of feed are given in table 1. The analysis shows
that triticale alone cannot provide a sufficient need for proteins.
Compared to the classic feed mixture for pheasant breeding in the last
phase (BZ3), where a protein concentration of 18% is required
(Mohelsky, 2013), triticale alone provides 46 g less protein. By adding
10% soybean meal in the T+SB group, we achieved a higher protein
content by 16 g compared to the conventional feed mixture, and with the
addition of 12% sunflower meal in the T+SL group, the protein level was
just below 18%.

Table 1 Nutrient contents in supplementary diets of pheasants in the last
phase of growth (g.kg-1 dry matter)

Parameter/Group T T+SB T+SF
dry matter 863,5 865,9 865,8
crude protein 134,6 196,0 173,6

fat 16,3 18,0 12,7

crude fibre 33,3 40,2 66,9

ash 19,6 29,6 27,5
nitrogen-free extract 796,2 716,2 719,3
metabolizable energy 12,54 12,56 12,10

MJ

T - triticale; T+SBEM — 90% triticale + 10% soybean meal; T+SFEM — 88% triticale
+ 12% sunflower meal; MJ - mega joule

Monitoring the weight of the pheasant chickens at week 22 of rearing
showed the highest average weight (1365 g) in the group of chickens fed
a mixture composed of 90% triticale and 10% soybean meal. The
difference compared to the control group was statistically significant (P
<0.001). Pheasants chickens supplemented with a feed mixture based on
triticale and sunflower meal had a weight of 13.9% higher at week 22
compared to the control group (P <0.01). Kokosinsky et. al. (2011) in a
pheasant experiment recieved a diet containing 27.0% crude protein (CP)
and 11.8 MJ metabolizable energy (ME) to 4 weeks, 23.5% CP and 12.1
MJ ME from 5 to 8 weeks, and 17% CP and 11.5 MJ ME from 9 weeks,
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reached in 20 weeks body weight 1355 g in cocks and 998 g in hens. In
our experiment at 22 weeks, the cocks weighed 1420 g, 1480 g, resp.
14559 and hens 946 g, 1251 g resp. 1115 g depending on the composition
of the diet they received in the group.

At week 22 of rearing chicken pheasants, the highest weight gains were
recorded in chickens supplemented with a triticale diet supplemented
with soybean meal (Graph 2), which represented a weight increase of
64% compared to the control group. In the experiment in the group
supplemented on triticale with the addition of sunflower meal, the weight
gains were 44.7% higher than in the control group.

Fig. 1 shows the growth curve of pheasant chickens. Throughout the
experiment, the growth intensity was higher in the experimental groups
than in the control group, which confirmed the justification for the
inclusion of plant protein feeds in the form of sunflower and soybean
meal to the triticale diet.

Fig. 1. Growth curve of pheasant chickens
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Karaskova et al. (2012) when monitoring the fattening of young
pheasants with commercial compound feeds, the highest daily gains were
registered in 6 to 12 weeks of breeding.

The best feed conversion (0.65) in our experiment was found in the group
of tritical fed pheasants with the addition of soybean meal. The feed
conversion coefficient in the group fed with triticale and sunflower meal
was 0.82, and the highest (1.18) was in the group fed only triticale.

The reared pheasant chickens were in good health during the experiment.
The mortality of pheasant chickens in the experimental groups was lower
(3%) than in the control group (6.5%) fed only with triticale.
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Similar to our experiment when using a mixture based on triticale and
sunflower resp. soybean meal, a positive effect of feeding pheasants with
a mixture on the weight of pheasants at the age of 24 weeks was noted
by Kuzniacka et al. (2010). Sage et al. (2002) found higher average
weight gain and better feed conversion in pheasants of cocks and hens
from 10 to 16 weeks of age fed a granular mixture with a high protein
content compared to pheasants fed only cereals. Dordevic et al. (2010)
confirmed a favorable relationship between increasing dietary protein
concentration and feed conversion.

The average live body weights, the carcass weights and the weights and
the percentage of each part are given in table 2.

Table 2. Body weight, dressing percentage and carcass composition of
heasant

Trait T T+SB T+SF
Body weight g | 1183* | +127 | 1365,3* | +68,62 | 1285* | +85,57
Carcass weight | g | 697,3 | £72,6 | 799,3 | +44,59 | 768,7 | +46,81
Dressing % | 58,9 | +0,65 58,6 +0,48 59,8 | 0,75
percentage
Brest muscles g | 229,2 | £11,8 | 244,3 +9,50 | 248,3 | +6,36
% | 19,3 | £0,20 17,9 +0,30 19,3 +0,47
Leg muscles g | 213,7 | £9,85| 2457 +5,31 | 234,1 | +8,77
% | 18,1 |+027| 17,9 | =0,16 | 18,2 | +0,02
Wings g | 37,9 | 1,80 40,3 +1,50 39,2 +1,41
% | 3,2 | =£0,05 2,9 +0,05 3,1 +0,05
Abdominal fat | g | 26,3 | £7,53 37,3 +7.39 19,5 +3.97
% | 222 [x071| 27 +0,58 | 15 | +0,31
Remainder of g | 1357 | £16,9 | 1857 19,16 | 164,4 | 12,48
carcass

% | 11,4 | £0,32 13,6 +0,46 12,8 +0,46
T - triticale; T+SB — 90% triticale + 10% soybean meal; T+SFEM — 88% triticale +
12% sunflower meal; * - statistically significant

There was a statistically non-significant difference between body
weights of pheasant roosters (1420, 1480 and 1455 g, respectively).
However, in pheasant hens, a difference in weight (P <0.001) was found
between the group fed only triticale (946 g) and the group fed triticale
with the addition of soybean meal (1252 g). A significant difference (P
< 0.01) in weight was found also between the triticale-only group and
the triticale-fed group supplemented with sunflower meal (1115 g).
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Differences in another parameters were not statistically significant
among the groups. Slaughter yield was below 60% in the all groups.
Kokoszynski et al. (2014) achieved a 10% higher yield in pheasant
chickens at 16 weeks of breeding.

Significant differences in weights were found within gender. Pheasant
roosters were on average 300g heavier than hens. Higher weight in the
cocks was also found in the pectoral muscle, thighs, wings and torso.
With abdominal fat, weights in all groups were significantly higher in
hens compared to cocks. ldentical findings are also reported by
Kokoszynski et al. (2011). In addition to abdominal fat, they also found
significantly higher weight in the skin with subcutaneous fat in pheasant
hens compared to faucets.

CONCLUSION

The level and quality of nutrition in the breeding of young pheasants is
an important factor in their preparation for release into the wild. In our
experiment in the third phase of breeding young pheasant chickens (12 -
22 weeks), in aviaries with access to green forage, ad libitum was added
concentrated feed in the form of shredded triticale. In the experimental
aviaries, triticale was added with the addition of soybean meal (10%) and
the addition of sunflower meal (12%), respectively. The group of
pheasants supplemented with the addition of triticale and soybean
extracted meal proved to be the most optimal breeding variant in our
experiment. The results of the work confirmed the justification of the
combination of cereals with protein core feeds of plant origin in the last
phase of breeding young pheasants. At the end of the experimental period
before release into the wild, the pheasants were sufficiently developed
with good flying ability and fully colored.
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