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Abstract

The aim of this study was to determine the effect of supplementing food
with various concentrations of organic selenium (0.2 and 0.3 mg/kg diet)
on the biochemical and haematological parameters of blood and the qual-
ity of breast meat of 45 pheasants. The pheasants were divided into three
groups and fed mixtures containing organic selenium supplementation in
the concentrations of 0.2 mg/kg (1** group) and 0.3 mg/kg (2™ group) and
a mixture without selenium in a control group (K). After 60 days of the ex-
periment, it was determined that the average values of selenium content in
the breast meat and blood serum of the 2" group of pheasants which were
fed 0.3 mg/kg of organic selenium were significantly higher (p < 0.05) than
the same parameters of the pheasants from K group. The pheasants from
the 2" group also had better sensory traits of meat and they had the highest
difference of the sum of the ranks of meat acceptability. The difference was
by 15 points higher than that in the K group and 7 points higher than in the
meat of the pheasants from the 1% group that fed 0.2 mg/kg of selenium. The
addition of organic selenium supplementation to the diet for the 2™ group
of pheasants (0.3 mg/kg) increased the water retention capacity in breast
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meat by 0.75% compared to the K group, namely by 0.58% in comparison to
the 1* group. The average values of chemical parameters of meat (pH, water,
fat, proteins and ash content), haematological parameters of pheasant blood
(number of erythrocytes, leucocytes and platelets, haemoglobin and haem-
atocrit values) and biochemical parameters of blood serum (glucose, en-
zymes: aspartate transaminase and alanine aminotransferase, total protein
concentration, total cholesterol albumin, triglycerides, calcium, potassium
and sodium) were within the limits of reference values for pheasants and
very uniform without significant variations among experimental groups.

Key words: pheasant, breast meat quality, biochemical and haemato-
logical profile
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Kratak sadrzaj

Cilj rada je bio da se ispitaju biohemijski i hematoloski parametri krvi,
kao i kvalitet grudnog mesa 45 fazana podeljenih u tri grupe i hranjenih
smesSama sa dodatkom organskog selena u koncentracijama od 0.2 mg/kg (I
grupa) i 0.3 mg/kg (II grupa) u hrani i sme$om bez selena u kontrolnoj gru-
pi (K). Nakon 60 dana trajanja ogleda utvrdeno je da su prose¢ne vrednosti
sadrzaja selena u belom mesu i sadrzaja selena u krvnom serumu fazana II
grupe fazana hranjenih sa 0.3 mg/kg organskog selena znacajno vece (p >
0.05) u odnosu na iste parametre fazana grupe K. Fazani II grupe su takode
imale bolje senzorne osobine mesa i ostvarile su najvecu razliku sume ran-
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gova prihvatljivosti mesa, koja je bila vec¢a za 15 bodova od K grupe i 7
bodova od mesa fazana hranjenih sa 0.2 mg/kg selena. Dodavanje organ-
skog selena u hranu fazana II grupe (0.3 mg/kg) je imalo pozitivan efekat
na povecanje sposobnosti zadrzavanja vode u grudnom mesu za 0.75% u
odnosu na K grupu, odnosno za 0.58% u poredenju sa I grupom. Prose¢ne
vrednosti hemijskih parametara mesa (pH, sadrzaj vode, masti, proteina i
pepela), hematologkih parametara krvi fazana (broj eritrocita, leukocita i
trombocita, vrednosti hemoglobina i hematokrita) i biohemijskih param-
etara krvnog seruma (glukoze, enzima: aspartat aminotransferaza i alanin
aminotransferaza, koncentracije ukupnih proteina, albumina ukupnog ho-
lesterola, triglecirida, kalcijum, kalijum i natrijum) bile su u granicama ref-
erentnih vrednosti za fazane i vrlo ujednacenih vrednosti bez signifikantnih
razlika izmedu ispitivanih grupa.

Klju¢ne redi: fazan, kvalitet belog mesa, biohemijski i hematoloski profil

INTRODUCTION

Pheasant farming is a branch of agriculture that is developing worldwide.
Due to its favourable nutritional constituents, pheasant meat is the food that is
increasingly used in human nutrition. At the same time, pheasant hunting is a
very popular sport. Bird and poultry meat is particularly important for human
nutrition, primarily because of its high quality proteins, minimum amount of
fat, essential vitamins and minerals.

Biochemical and haematological blood parameters are significant for suc-
cessful farm production, because the health condition of farmed birds, their nu-
tritive status, the content of certain nutrients as well as symptoms of disease can
be assessed using these parameters. Avian haematology is also a useful diagnos-
tic tool in veterinary medicine and haematological values can be used as physi-
ological indicators. Several papers dealing with haematological and biochemical
parameters of pheasant blood have been published so far (Speranda et al., 2005;
Lloyd and Gibson, 2006; Tucak et al., 2008; Kececi and Ramazan, 2011).

Biochemical parameters and shaped blood elements of poultry have been
examined in numerous papers, while the available literature data related to the
issue of the effect and content of selenium in the blood of pheasants is scarce.
Selenium (Se) is an essential microelement and an integral part of glutathione
peroxidase enzyme (GPx) which plays a crucial role as antioxidant enzyme in
antioxidant defence of free radicals in bird and mammal cells (Coles, 1977;
Dukes, 1993; Edens, 2001).
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The physiological role of selenium is complex. It is primarily important
for the development of numerous metabolic processes in the organisms of
birds and mammals. It also has antioxidant role in health preservation and
improving production performances. According to Surai (2000), selenium and
vitamin E deficiency causes various diseases in about 60 species of domestic,
wild and laboratory animals and humans. In modern food production for do-
mestic animals, selenium supplementation is mandatory, and lately, significant
research efforts have been made to increase selenium concentration in food, in
order to obtain functional animal products (meat, eggs, milk) enriched with
selenjum.

Selenium deficiency and loss of GPx enzyme activity causes cell mem-
brane damage, free radical accumulation and cell decay. The antioxidant effect
of selenium protects poultry from atherosclerosis, degenerative processes of
the pancreas and kidneys, reproductive disorders, tumorigenesis and at the
same time selenium also has immunostimulatory effect (Dukes, 1993; Kang et
al., 2000; Dlouha et al., 2008). The intake of selenium through food results in
increased content of its concentration in tissues and eggs (Edens, 1997; Surai
and Dvorska, 2002; Edens and Kymberly, 2004). Selenium deficiency in poul-
try causes numerous pathological changes and diseases, such as the pancreas
atrophy, kidney damage, exudative diathesis, decreased fertilization and weak-
ened immunity. Selenium is also an activator of thyroid hormones which are
responsible for thermogenesis of poultry. The concentration of selenium in
the organism of birds under heat stress can be significantly reduced (Silva and
Gloria, 2002; Skrivan et al., 2008). Poultry and bird production depends on
numerous stress factors (overpopulation, heat stress, diseases), which is why
selenium, as an integral part of many selenoproteins, actively participates in
their prevention by activating antioxidant mechanisms. The concentration of
selenium in the tissue differs and primarily depends on the amount of sele-
nium ingested with food whereby the highest amount of selenium of 30 - 40%
is found deposited in skeletal muscles and the liver and the rest of it is in the
heart, pancreas and kidneys (Surai, 2000; Surai and Dvorska, 2002).

Breast muscles (mm. pectoralis) known as breast meat, consist of larger
superficial muscle (m. pectoralis superficialis) and a smaller deep muscle (m.
pectoralis profundus) and they are extremely well-developed in all birds be-
cause they enable the movement of the wings and flying. Breast muscles ac-
count for one quarter of the total body weight of birds and a half of total edible
proteins. Poultry and bird breast meat is rich in proteins, low in fat and choles-
terol compared to the meat of other domestic animals which makes it a high
quality dietary product (Barroeta, 2006). If poultry meat contains selenium
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in the concentration higher than prescribed, then the meat can be considered
a functional food because it has beneficial effect on improving human health
and lowering the risk of diseases.

Poultry and bird meat is significant for human nutrition because of its high
content of biologically valuable proteins, fats, vitamins, minerals and essential
fatty acids (Franco and Lorenzo, 2013). The smell, appearance and taste are
very important sensory traits of meat, and these traits can significantly affect
the quality and acceptability of the product by consumers. The smell and taste
have the greatest impact on acceptability of meat, so the final judgment on its
acceptability is mostly based on these traits. Sensory traits ranking by evalu-
ators represent a simple method for practical comparison and assessment of
meat samples or other products (Balti¢, 1993; Balti¢ and Teodorovi¢, 1997).
Consumers want the meat with minimal water loss during preparation and
cooking, and that is why the ability to retain water is an essential characteristic
of meat quality (Surai, 2000; Edens et al., 2000; Surai, 2007).

There are few papers in the available literature dealing with the effects
of organic selenium on breast meat quality, biochemical and haematological
profile of blood of the pheasants which are fed different amounts of organic
selenium. For that reason, the main goal of this paper is to examine the effect
of organic selenium on selected haematological, biochemical parameters and
selenium content in blood serum as well as the effect of selenium on chemical
and sensory quality of pheasant breast meat.

MATERIAL AND METHODS

The experiment was conducted on 45 common pheasants (Phasianus col-
chicus), which were 42 days old, both male and female, weighing 385 £ 75 g
on average. They were divided into three groups each containing 15 pheasants.
The experiment lasted for 60 days and during that period the pheasant barns
and nutrition were adapted to the floor way of rising. We used pelleted com-
plete feed mixtures for formulated for nutritional needs of pheasants (NRC,
1994). The organic selenium contained in Alkosel® preparation (Lallemand,
Fra) was added to the premixes, and after appropriate mixing, the premix with
selenium was applied to the complete feed mixtures and mixed again with the
complete mixture. The control group (K) was fed the feed without selenium
supplementation, while the feed of experimental 1* group contained organic
selenium in a concentration of 0.2 mg/kg, and the feed of experimental 2"
group contained organic selenium in the concentration of 0.3 mg/kg. The raw
material and chemical composition of pheasant food is shown in Table 1.
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Table 1. Ingredients and nutrient content of complete feed mixture for pheasants

Components % The fe'ed composition of all three groups:
Proteins 24.25%; Cellulose 6.05%;
Maize 40 Fats 4.63%; Ash 7.35%; Dry matter
Wheat bran 3 88.20%; Ca 1.02%; Total phospho-
rus 0.82%; ME 12.75 M]J/kg; Lysine
Soybean meal 24 1.35%; Methionine + Cystifile 3.90%.
Sunflower meal 33% 4.3
Alfalfa meal 3 Composition of premix in 1kg of complete
Yeast 3.5 mixture: Vitamin A (IU/kg) 15000; Vi-
Soybean grits 12 Lar)nin D3 (IU/(kg) 31?())0; Vitamin E (mg/
32; Biotin (mg/kg) 0.20; Vitamin
Sunflower meal 429% 5| Cmelkg) 15; Folicacid (mg/kg) 1.20;
Lysine 0.1 | Niacin (mg/kg) 30; Pantothenicacid
Methionine 0.2 | (mg/kg) 15; Vitamin B6 (mg/kg) 3.20;
Limestone 1.6 | Vitamin B2 (mg/kg) 7; Vitamin B1 (mg/
Mono-Ca-phosphate 15 |ke) 2:10; Vitamin B12 (mg/kg) 0.03;
Cholinechloride (mg/kg) 500; Fe (mg/
Salt 03 | kg) 40; Mn (mg/kg) 80; Cu (mg/kg) 8;
Additive Pelletin 0.5 | Zn (mg/kg) 60; ] (mg/kg) 0.80; Co (mg/
Premix 1 kg) 0.45; Antioxidant BHT (mg/kg) 100.

Diet I (K group): basal diet without organic Se;
Diet IT (1% group) — Diet I + organic Se at 0.2 mg/kg diet;
Diet III (2™ group) —— Diet I + organic Se at 0.3 mg/kg diet;

Throughout the entire experiment, the consumption of food and water was
ad libitum. An average sample of complete mixtures for pheasant nutrition
was analysed for the basic chemical composition at the beginning of the ex-
periment (the amount of dry matter, crude ash, crude proteins, crude fats and
crude cellulose), by applying standard analytical methods of chemical food
examination (AOAC, 1990). The content of calcium (Ca) was determined by
volumetric method (SRPS ISO 6490-1/2001). Phosphorus (P) content was
determined using spectrophotometric method (SRPS ISO 6491/2002), while
the content of metabolic energy and amino acids was obtained by calculation
based on their content in nutrients (INRA-AFZ, 2004).

Control measurements of body weight were performed on an electronic
scale with an accuracy of + 0.5 g at the beginning and the end of the experi-
ment. This was used as a basis for calculating average body weight. Throughout
the experiment, the health condition of pheasants and their mortality were
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monitored. By the method of random sampling at the end of this 60-day long
experiment, seven pheasants were taken from each group. They were then in-
dividually measured before slaughtering, and after primary slaughter process-
ing and water cooling, chilled carcasses were cut into basic pieces in a manner
regulated by Ordinance on the Quality of Poultry Meat (Official Gazette SFR]
No. 1/81 and 51/88), and the brest muscle was separated and measured on an
automatic scale with an accuracy of £ 0.5 g.

The water in the breast meat was analysed using standard examination meth-
ods. The total water content was determined by drying the samples to constant
weight (SRPS ISO 1442/1998), total ash by burning and annealing the sample at
the temperature of 500 °C to 600 °C (SRPS ISO 936/1999), pH of the meat were
determined by a pH meter (SRPS ISO 2917: 2004), total proteins by the Kje-
dahl method based on nitrogen content (SRPS ISO 937/1992), while the total fat
was determined by Soxlett extraction with pre-drying of the sample (SRPS ISO
1443/1992). The content of selenium in breast meat and blood serum of pheas-
ants was determined by atomic absorption spectrophotometry using hydride
technique (SRPS EN 14627:2008). The ability to retain water in breast meat was
determined by measuring the content of total moisture, 24 and 48 hours after the
time of meat cooling at 4 °C. The quality of meat sensory traits was examined by
the method for determination of the difference in meat acceptability using Rank
test, assessed by 7 evaluators (Balti¢, 1993; Balti¢ and Teodorovi¢, 1997; SRPS EN
ISO 8587/2006). The evaluators assessed the sensory characteristics of the meat
(the smell, taste, juiciness, softness and appearance). The obtained differences
in the acceptability of the meat are the differences in the overall impression of
all evaluators. Before the examination, all the samples were grilled for about 15
minutes and after that the evaluators graded the samples labelling them the most
acceptable, less acceptable and the least acceptable.

At the end of the experiment and before slaughtering, seven pheasants
from each group, their blood were taken by puncturing the ulnar vein. The
sterile tubes used for haematological tests contained the anticoagulant Sodi-
um-Ethylenediaminetetraacetic acid (Na-EDTA). The blood for biochemical
examinations was put in special tubes without anticoagulants, and the serum
was separated by centrifugation at 3000 rpm for 10 minutes and after that the
analysis of the selected serum parameters was performed. Determination of
biochemical parameters was performed on a multiparametric biochemical
analyzer Hitachi 750 (Tokyo, Japan) with tests from Boehringer Mannheim
(Germany), while we used an analyzer ISE, Nova 5 (USA) and a set tests by
Randox for the determination of serum electrolytes (Ca, Na, K). The number
of erythrocytes and leukocytes was determined in the Thoma-Zeiss chamber,
the number of platelets in the Neubauer chamber, the value of hematocrit was

11
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determined by the Wintrobe method. Haemoglobin concentration was deter-
mined using the Sahli method.

The collected data were processed using statistical program Statistica 10
(StatSoft, USA). The following analyses were performed: statistical analysis of
the obtained results, the analysis of variance by a standard procedure with test-
ing of the statistical significance of the differences between certain groups and
examined parameters by applying LSD test.

RESULTS

No health issues or pheasant deaths were recorded during the experiment.
The results of chemical investigation of breast meat are shown in Table 2. Ad-
dition of organic selenium to pheasant diet resulted in relative higher values of
breast muscle weight, electrochemical reactions of meat, water and fat content.
However, statistically significant differences between treatments (p > 0.05)
were not recorded. The obtained results of breast meat weight indicate that the
mass was the lowest in pheasants of the K group amounting 221.50 g, and the
highest was in 2™ group of pheasants with 229.32 g.

Table 2. Chemical composition of breast muscle and selenium concentration in meat

Chemicfi;l1~ (c)(l)lgiaosition K group Ist group 2nd group
of breast muscle meat n=7 n=7 n=7
Mass (g) 221.50 + 28 224.60 £ 18 229.42 + 32
pH 6.10 £ 16 6.02 + 32 6.19 + 42
Moisture (%) 72.63 £23 72.38 £52 72.49 £ 55
Fat (%) 1.08 £ 56 1.10 £ 23 1.11 + 36
Total protein (%) 25.14 + 14 25.15+11 25.11 + 87
Ash (%) 1.18 £ 41 1.20 £ 09 1.20 £ 23
Selenium (mg/kg) 0.121 +13 0.129 + 03 0.135 + 33*

*p <0.05 % p<0.01

The results of selenium content in breast meat samples shown in Table 2.
indicate that the average selenium content was the lowest in the K group with
0.121 mg/kg. It was slightly higher in the 1% group with 0.129 mg/kg and the
highest in the 2™ group of pheasants with 0.135 mg/kg. Statistical analysis of
the data on selenium content in breast meat showed a statistically significant

12
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difference (p < 0.05) among control K group which did not have organic sele-
nium in feed and the 2™ group of pheasants that had organic selenium in their
food in the concentration of 0.3 mg/kg.

The ability of water retention represents a very important trait of meat qual-
ity because yield, juiciness, taste and meat texture depend on it. The results of
breast meat moisture loss are shown in Table 3. The best relative values of water
retention in breast meat were achieved by the 2™ group both after 24 h (1.17%)
and after 48 h (1.93%) from the time of meat cooling. Therefore, in comparison
with the K group it had better efficiency by 0.75%. Similar results were achieved
by the 1% group, which had better water retention in meat by 0.58% compared
to K group. The worst results were recorded in the K group which had relative
value of water retention of 1.79% after 24 h, and 2.68% after 48 h.

Table 3. Moisture loss in pheasant breast meat

K group 1st group 2nd group
Group/ g ey o
Water loss in meat
g % g % G %
Water loss
after 24 h 1.30 1.79 1.10 1.52 0.85 1.17
Water loss
after 48 h 1.95 2.68 1.70 2.10 1.40 1.93
Difference % - - - 0.58 - 0.75

A very important indicator of meat quality, besides chemical composition,
are its sensory traits which were examined using the method of Rank test in
this experiment, or meat acceptability by consumers whereby lower sum of
ranks represents higher meat acceptability. The differences in assessment of
the acceptability of pheasant’s breast meat are displayed in Table 4. When it
comes to ranking of breast meat samples, the samples of the 2" group (32
points) were assessed as the most acceptable, and this group had the highest
difference in the sum of ranks of 15 points. It was followed by the 1* group of
pheasants (39 points) with the difference in the sum of ranks of 7 points in
comparison to the K group, and as the least acceptable were the breast meat
samples of the K group (47 points).

13
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Table 4. Total acceptability assessment of pheasant’s breast meat (Rank test)

K group 1st group 2nd group
n=7 n=7 n=7
Group The sum of ranks
47 39 32
K group - 8 15
1st group - - 7
2nd group - . -

Haematological examinations of shaped blood elements (Table 5) show
similar values and insignificant differences (p > 0.05) between the examined
groups of pheasants. The number of erythrocytes (RBC- Red Blood Cells) var-
ied within relatively narrow limits in all the groups from 2.15 x 10¢mm? in
the 1% group to 2.32 x 10°mm? in the 2™ group of pheasants. Similar results
were also recorded for the average values of the number of leukocytes (WBC
- White Blood Cells), which ranged from 21.30 x 10°/mm? in the 1* group to
21.50 x 10°/mm? in the 2" group of pheasants. These are the figures that vary
within normal physiological values for this species of birds. The other exam-
ined parameters in all groups, such as number of platelets (PLT), haemoglobin
(MCH- Mean Corpuscular Hemoglobin) and haematocrit (HCT - Haema-
tocrit-Packed cell volume) also had uniform median values without statisti-
cal significance both between control and experimental groups, and between
groups with different treatments with organic selenium. The platelet number
was the lowest in the 2™ group with 28.40 x 10°/mm?, followed by K group
with 28.60 x 10°/mm’, and the highest was in the 1* group where organic sele-
nium was added at the concentration of 0.2 mg/kg and it was 29.20 x 10°/mm”.
Haematocrit had average values of 38.3% in K group, 37.10% in the 1* group
and 38.20% in the 2™ group of pheasant blood. The concentration of haemo-
globin had the lowest average value of 125 g/L in the 1* group, followed by 129
g/L in K group and the highest average value of 130 g/L was determined in the
pheasants blood of the 2" group.

14
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Table 5. Haematological parameters of pheasants

Haematologi- K group 1st group 2nd group
cal parameters n=7 n=7 n=7
RBC (x 106/mm3) 2.27 £0.15 2.15+0.28 2.32+£0.45
WBC (x 103/ mm3) 21.40 + 2.65 21.30 £ 1.30 21.50 £2.20
PLT (x 103/ mm3) 28.60 + 40 2920+ 70 28.40 £ 50
MCH (g/1) 129.00 £1.80 125.00 £2.30 130.00 £ 1.50
HCT (%) 38.30 £ 0.73 37.10 £ 0.24 38.20 £ 0.35
*p <0.05; ** p<0.01
Table 6. Biochemical parameters of pheasant blood
Parameters K ngio;l P ls;g:r(;up ZD?] g:r(7)up
GLU (mM/L) 18.50 £ 0.65 18.10 + 0.80 17.60 £ 0.30
AST (U/L) 250.00 £1.52 263.00+1.41 257.00 £2.15
ALT (U/L) 9.20 £0.48 10.00 £ 0.16 8.90 = 0.27
TP (g/1) 36.50 £ 1.23 35.80 £ 0.98 37.0+1.10
ALB - Albumin (g/1) 14.50 + 0.14 14.20 £ 0.21 14.80 £ 0.11
CHOL (mM/L) 3.53+0.12 3.51+0.16 3.40 £ 0.23
Triglycerides (mM/L) 0.93+0.24 0.84 £0.15 0.87 £0.20
Ca (mM/L) 2.28 £0.10 2.30 £0.25 2.30 £0.15
K (mM/L) 3.90+0.21 3.82£0.15 3.92+£0.38
Na (mM/L) 14945+ 1.54 147.20+0.20 151.10+0.80
Se (ug/ml) 0.137 £0.12 0.141 + 0.05 0.145 + 0.24*

*p <0.05 % p<0.01

According to the results shown in Table 6, the highest average value of
glucose (GLU) concentration was recorded by K group, which amounted 18.50
mmol/L, followed by 18.10 mmol/L in the 1* group and the lowest value of
17.60 mmol/L was determined in the 2™ group. No statistically significant dif-
ferences were found between the analysed groups (p > 0.05). The highest val-
ues of the examined blood serum enzymes were found in pheasants of the 1*
experimental group. Those pheasants consumed organic selenium from food
at the concentration of 0.2 mg/kg of mixture with the average AST value of
263.00 U/L, and the value of alanine aminotransferase (ALT) was 10.00 U/L.
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The selenium added to the food resulted in insignificant increase in the values
of aspartate aminotransferase (AST) and ALT in the 1% experimental group
of pheasants but with no statistical significance compared to the other two
experimental groups (p > 0.05).

Total proteins and albumin concentrations in our experiments had the
highest values in blood serum of the 2™ group of pheasants whose feed con-
tained 0.3 mg/kg of selenium. The analysis of variance did not show any sig-
nificant differences between treatments (p > 0.05). Cholesterol and triglyceride
concentrations ranged within normal physiological limits and without deter-
mined statistic differences between average values of the examined groups of
pheasants. The part of our examinations related to monitoring of the concen-
trations of selected cation electrolytes of pheasant serum (Ca, K and Na) is
shown in Table 6. The concentrations of examined electrolytes in blood se-
rum were rather uniform in all pheasant groups, so statistical analysis showed
no significant differences between median values of the examined groups of
pheasants (p > 0.05).

The most reliable criterion for selenium status in animals is considered to be
the determination of selenium concentration in the blood and tissues of birds and
animals. In our research the average content of selenium in blood serum of the 2"
group of pheasants was 0.145 ug/mL and it was statistically significantly higher
(p < 0.05) than the average content of selenium in blood serums of K group of
pheasants where its value amounted 0.137 ug/mL. There was no statistical signifi-
cance between the average content of selenium in blood serum of K group and
the 1% group of pheasants despite the fact that the average value of selenium in
blood serum was higher than in the K group of pheasants (0.141 pg/mL).

DISCUSSION

No deaths of the examined pheasants were registered during the experi-
ment. As this was an older age category of experimental pheasants, it cannot
be confirmed with certainty, based on our data on mortality, that selenium
from feed does not affect mortality, because the literature shows that the big-
gest losses are in chickens and that mortality rates in older categories are much
lower (Risti¢, 2005).

The relative uniformity of chemical composition of breast meat in terms
of the content of the analysed parameters between the examined groups of
pheasants is in accordance with the research of Cvrtila et al. (2007). In our
experiments, no statistically significant differences were determined between
the treatments (p > 0.05) of the examined chemical parameters of meat. Tucak
et al. (2008) state that the body weight of adult pheasants raised in an avi-
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ary ranging from 969 to 1,144 g and the breast meat weight varied between
248 and 295 g. These authors determined higher values of protein, fat and ash
in breast meat of pheasants in comparison to our results. In our experiment,
the protein and fat concentration in pheasant meat were uniform, whereas the
protein content was higher than the fat content. The results we obtained are in
accordance with other researchers who stated that wild populations and farm-
raised pheasants are distinguished by higher protein and lower fat content in
meat, which represents a characteristic of this bird species (Hofbauer et al.,
2010; Franco and Lorenzo, 2013).

Organically bound selenium in the form of selenomethionine has a strong
antioxidant effect in poultry organisms, directly affecting the increase in the
concentration of GPx in the liver and decrease in the concentration of lipid
peroxidase, resulting in the meat of exceptional quality with high content of
selenium. Several researchers have confirmed the positive effect of increas-
ing the concentration of selenium in musculature of broilers whose feed was
treated with organic selenium compared to control group without supplement
or with inorganic selenium supplementation in food (Edens and Kymberly,
2004; Payne and Southern, 2005; Dlouha et al., 2008).

Our research confirmed the positive antioxidant effect of selenium on the
musculature of the breast meat because the 1% group and the 2™ group of pheas-
ant samples contained less water loss during storage. Meat quality can suc-
cessfully be preserved during storage by adding selenium antioxidants to the
feed of domestic animals, because selenium is deposited in musculature cells,
which improves the ability of the cells to retain water (Surai, 2000). According
to Edens (2001), selenium in the muscle tissue reduces fat peroxidation during
meat storage and in that way it affects the preservation of meat quality. Organic
selenium in the form of selenomethionine has a positive effect on meat quality
because it increases the activity of glutathione peroxidase (GSH-Pk) and keeps
lipid peroxidase at a low level, which results in cell membrane stability and the
ability to bind water (Edens et al., 2000; Edens and Kymberly, 2004).

Based on the Rang test results obtained in these research studies, it can be
concluded that the addition of organic selenium to feed or diet had a positive
effect on acceptability of pheasant meat. According to many authors, the com-
pounds that are the carriers of smell and taste have the greatest effect on food
acceptability (Balti¢, 1993; Ivanovi¢ et al., 2012). The supplementation of or-
ganic selenium in feed has a positive effect on the appearance, juiciness, smell
and colour of meat (Surai and Dvorska, 2002), while the increased juiciness is
the result of better water retention in meat (Dzini¢ et al., 2006).

Determination of haematological parameters is a reliable indicator of
the physiological condition of animal organisms and the impact of certain
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supplements on blood chemistry. These parameters can be affected by different
factors such as nutrition, diseases, gender, age, physical activity and ambient
conditions (Kaneko, 1989; Jovanovi¢, 1990). Recognizing the change in the
number of leukocytes is of particular significance, whether it is an increase or
decrease in their number, it is always a certain pathological phenomenon in the
organism (Harr, 2002). In the conditions of temperature stress, organic selenium
has a positive effect on reducing the effect of this negative ambient factor, so the
level of leukocytes in blood does not change, but increases food consumption
and the level of glutathione peroxidase, which has a defensive role (Mahmoud
and Edens, 2003). Our data are in accordance with the research of Speranda et
al. (2005) who established that selenium (0.2 mg organic selenium/kg diet) did
not have any effect on erythrocytes and leukocytes count values. The obtained
average values of haematological parameters were in accordance with normal
physiological values and the results published by other authors (Schmidt et
al.2007; Hauptmanova et al. 2006; Kececi and Ramazan, 2011). Based on the
results obtained in these studies, it can be concluded that the application of
organic selenium as food additive did not affect the haematological blood
parameters of the examined pheasants.

The part of the examination related to the analysis of biochemical param-
eters of pheasant blood serum (glucose, AST and ALT enzymes, total protein
concentration, total cholesterol, albumin, triglycerides, Ca, K and Na) which
are shown in Table 6, indicates that the majority of these parameters had the
values which ranged within normal physiological limits and which were re-
ported by other authors (Speranda et al., 2005; Loyd and Gibson, 2006; Suchy
et al., 2010). The variations in the concentration of some blood constituents in
birds and animals indicate the changes in physiological and biochemical ho-
meostasis of an organism. By analysing these parameters, it is relatively easy to
determine the health status of animals and the deficiency of nutrients.

Glucose is a very important energetic material of all living systems, consid-
ering that all cells have enzymes for their catalytic decomposition. The normal
range of glucose concentration for most birds is between 11.1 and 27.8 mmol/L
(Coles, 1977). The results we obtained in our research are in accordance with
the data of the other authors (Loyd and Gibson, 2006; Speranda etal.,, 2005) and
indicate that by adding selenium normal glucose homeostasis is maintained.

Significant biochemical parameters of blood serum are the activity of the AST
and ALT enzymes which are found in bird organisms in the liver, blood, cerebro-
spinal fluid and urine. The liver is very sensitive to increased concentrations of
nutrients and toxins. Any increase in the activity of these enzymes in blood serum
indicates pathological changes primarily in the hepatobiliary tract, liver damage,
heart and skeletal muscles (Kaneko, 1989; Dukes, 1993; Moss et al., 1997).
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The concentrations of total proteins are of great significance in the diagno-
sis of liver and kidney disease, metabolic and nutritional disorders which lead
to the loss of protein in the organism reduced protein synthesis and increased
decomposition (Kaneko, 1989; Dukes, 1993). The results we obtained in our
research are in line with the data of other authors (Speranda et al., 2005) who
determined that selenium results in a partial increase of total proteins and al-
bumin, but does not cause statistically significant differences.

Cholesterol is found in all organism cells, and main organs where about
90% of it is synthesized are the liver and intestines. Triglycerides play impor-
tant roles in bird organisms, serving as metabolic fuel and components of cell
membranes (Jovanovi¢ 1990; Dukes, 1993). According to available literature
data, organic selenium supplementation in pheasant diet does not lead to dis-
order of normal physiological cholesterol and triglycerides levels in serum
(Speranda et al. 2005), which is in accordance with the results obtained in
this experiment. Cholesterol and triglyceride levels determined in this re-
search were lower than the data presented by Kecci and Ramazan (2001) and
Speranda et al. (2005), but they had similar values to those found by Lloyd and
Gibson (2006).

The physiological effect of blood electrolytes is of great importance for the
health, productivity and maintenance of normal homeostasis of an organism.
Serum electrolyte concentrations can indicate disorder in the functioning of
certain organs and systems especially in the functioning of intestinal tract,
kidneys and cell homeostasis (Kaneko, 1989; Dukes, 1993). The obtained con-
centrations of pheasant serum electrolytes were within normal physiological
limits for this species of birds. They match the data stated by Speranda et al.
(2005), Lloyd and Gibson (2006).

The significance of selenium as pheasant food supplement and its content
in the blood is very scantily described in the available literature. We achieved
significantly higher concentration of selenium in the blood of pheasants by
adding organic selenium to their feed at the concentration of 0.3 mg/kg of
food compared to the blood of K group whose food did not contain selenium.
Similar results were presented by Payne and Southern (2005) and Markovi¢
et al. (2008). At the same time, in comparison with inorganic selenium which
was added in the feed in the same concentration, Markovi¢ et al. (2008) deter-
mined a higher concentration of selenium in the blood of broiler groups where
organic selenium was added to the food. Based on our research and obtained
values of selenium in the blood serum of the examined pheasants, it can be
concluded that organic selenium added in concentrations of 0.2 and 0.3 mg/
kg in the food led to an increase in its value in the blood serum. Therefore,
the concentration of 0.3 mg/kg in food in the 2™ group of pheasants caused
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significant difference (p < 0.05) compared to the K group of pheasants which
were fed without selenium supplement in food.

By the analysis of the majority of examined biochemical indicators of
pheasant blood serum, apart from selenium concentration, we did not observe
other statistically significant differences between the values for the K group
and the pheasant groups whose food contained organic selenium, which is in
accordance with Speranda et al. (2005). The measured parameters of blood
serum, apart from selenium concentration, were within the limits of reference
values for pheasants, which indicates that selenium supplementation in pheas-
ant food does not affect the examined parameters of pheasants blood serum.

CONCLUSION

Based on all of the above mentioned, we can generally conclude that the
examined impact of different doses of organic selenium in pheasant feed or
diet, applied in the concentrations of 0.2 mg/kg and 0.3 mg/kg, did not have any
noticeable effect on the values of biochemical parameters of blood serum and
haematological blood parameters. The addition of organic selenium in pheas-
ant feed did not have any statistical significance on chemical quality of pheasant
breast meat muscle. The results of the research of the effect of organic selenium
from the feed at the concentration of 0.3 mg/kg on its content in the breast
meat and blood serum of pheasants indicate statistical significance (p > 0.05)
compared to the parameters of the control group of pheasants which were fed
without selenium supplement. The justification of this research is reflected in
obtaining required concentrations of selenium in pheasant meat and the pro-
duction of nutritionally important selenized meat for human consumption.
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