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Summary

This study determined the effect of supplementation of the pheasant diet with mineral components (Ca, Fe,
Zn and Cu) from organic sources with or without the addition of alpha-ketoglutarate (AKG) on productivity,
hatchability parameters, nutrients and mineral content in pheasant eggs. Studies were performed on three
groups of laying pheasants, which were kept in aviaries and received a standard mixture (Group I, the control
group), a mixture with Ca, Fe, Zn, and Cu glycinates which replaced 50% of the mineral components in
inorganic form (Group II), or a mixture with chelates and a 200 mg alpha-ketoglutarate supplement (Group III).
Supplementation of the diet with chelates raised the content level of the mineral components in the whole egg
and yolk, mainly the contents of calcium, zinc and iron. The addition of 200 mg of alpha-ketoglutarate to the
diet with calcium, zinc, iron and copper chelates of glycine (50% of the supplemented elements) resulted in
improved laying capacity and rates of reproduction and rearing of chicks, with a slight decrease in the size and
weight of eggs. The eggshell was thinner, and the albumen and the Haugh Unit score were higher. Inorganic
mineral components can be replaced by glycine chelates at up to 50%, especially with the addition of 200 mg
of AKG, in the pheasant diet in commercial breeding.
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In addition to genetic and environmental factors,
poultry feed is an important element of production
efficiency. The core purpose of nutrition is to balance
meeting the whole need for nutrients with optimising
vitamins and minerals. Supplying the needs of poultry
for mineral components is through the use of salts (sul-
phates, carbonates, or phosphates) or oxides. In recent
years, there has been a tendency to replace salts with
organic sources of mineral components (43). Studies
in poultry have shown that even low-level replacement
of inorganic minerals with organic forms optimises the
growth performance of broilers and laying performance
of'hens and reduces the pressure on the environment of
the excreted minerals. In addition, the use of organic
forms reduces antagonism between certain elements,
such as Zn and Cu, and the mineral components from
the proteinates have a higher retention rate and better
bioavailability than inorganic salts (1, 7, 39, 48).

The use of zinc mineral chelates and phytase supple-
mentation in the diet of broiler chickens increased feed
intake and weight gain and, above all, resulted in better
feed utilisation. It also increased plasma and bone zinc
content and bone mass (2). This knowledge leads to
the search for new solutions in chelate production and
optimisation of the diet in mineral components, in order
to improve the quality and value of breeding indicators
and characteristics of farmed birds, including pheas-
ants. Experimental modification of the proportion of
mineral components in the diet has been undertaken
by replacing inorganic with organic forms (6, 17, 24,
40, 47, 52). The studies to date on the replacement of
calcium, iron, zinc and copper salts with glycine che-
lates have shown a significant impact on pheasant pro-
duction results. Modification of the diet significantly
increased the number of eggs and their hatchability and
the survival of chicks (19). Dietary supplementation



with glycine chelates significantly and beneficially af-
fected the body weight of male pheasants and raised
some mechanical bone parameters (15). In turn, the
replacement of vitamin D3 with calcitriol (active form
of vitamin D — 1.25-dihydroxycholecalciferol) resulted
in higher phosphorus content and weight gain in males,
as well as increases in magnesium and potassium con-
tent in muscles (18). These benefits prompted attempts
to modify the pheasant diet composition to improve
the quantity and quality of eggs, their hatchability
and chemical composition, and their nutritional value
(8,16, 17, 20, 24, 26, 34, 42, 47).

In well-balanced animal diets, in addition to guar-
anteeing nutrients, various feed additives are used in
order to obtain better production results and to improve
the health benefits and quality of products. One such
additive may be alpha-ketoglutarate (AKG). Studies
on the use of this compound in humans and animals
have shown its important role in elevating the activity
of antioxidant enzymes (32). It has also been shown to
have beneficial effects on body weight, gut function,
and gut flora composition in mice (10, 49). Studies have
confirmed that the use of AKG increases the collagen
content and mineral density of bones and contributes
to an increase in their mechanical resistance (12, 50).
Dietary supplementation with alpha-ketoglutarate
increased the body weight and collagen content of
young pigs, thereby improving the geometric and me-
chanical properties of bones (28, 29). Similar results
were also obtained in sheep (21). A beneficial effect
of dietary supplementation of pigs with AKG has also
been shown in the aspects of both intestinal flora and
oxidative stress, but this did not improve the produc-
tion results in this species (31). Studies conducted on
turkeys indicated a positive effect of dietary supple-
mentation of AKG on the development of the bone
system (44). The results of studies conducted in laying
hens showed that a 1% addition of AKG during the
laying period improved the mechanical parameters of
the bones by increasing the synthesis of collagen and
lowered the cholesterol content in the muscles (46).
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It can be argued by extension that the use of mineral
chelates and alpha-ketoglutarate may change the mor-
phometric characteristics, nutritional value and mineral
composition of eggs.

The aim of the investigation was to evaluate the
effect of supplementation of the pheasant diet with
mineral components (Ca, Fe, Zn and Cu) from organic
sources with or without the addition of AKG on bird
productivity, hatchability parameters, and nutrients and
mineral content in pheasant eggs.

Material and methods

Ethical approval. The experimental procedures used
throughout this study were approved by the Local Ethics
Committee on Animal Experimentation of the University
of Life Sciences in Lublin, Poland (resolution no. 22/2016
of 13 May 2016).

Feed. Calcium, iron, zinc and copper formulated as salts
and glycine chelates were introduced into a mineral and vita-
min premix which did not contain these minerals. The Ca,
Fe, Zn, and Cu requirement in the feed mixtures was based
on the dietary recommendations of the National Research
Council (1994). The mixture was composed independently
on the basis of ingredients from the AGROPOL Concen-
trates and Mixtures Production Plant in Motycz. Glystar
Forte chelates produced by Arkop (Bukowno, Poland) con-
taining 20% Ca and 46% glycine, 16% Fe and 42% glycine,
16% Zn and 36% glycine, and 16% Cu and 37% glycine
were used in the experiment (Tab. 1). All the feed compo-
nents were mixed and pelleted (0.5 mm diameter) at 60°C.

Animals. The experimental animals were pheasant hens
(Phasianus colchicus) in their first reproductive season,
kept on a commercial farm in three cages (Tab. 1). The
study was carried out on 21 healthy female and 3 healthy
male pheasants (all 12 weeks old) from the breeding flock
of the participating farm. There were 7 hens and 1 rooster
in each group. The birds were kept outdoors in cages
8.5 m long % 5.0 m wide x 3.5 m high. Each cage was
equipped with two nipple drinkers supplying water ad
libitum and an automatic feeder 40 cm long, i.e. offering
4.0 cm of feeder edge per bird. A natural mating system of
one male and seven females was used in each cage.

Tab. 1. Composition of mineral and alpha-ketoglutarate addition in 1 kg of experimental diets

Diet ingredients NRC Ri%lgzemem' Diet supplementation
Group I - Control Group Il - Chelates Group Ill - Chelates + AKG

Calcium carbonate (35% Ca), g 25 25 (100%)" 12.5 (50%) 12.5 (50%)
Calcium glycine? (20% Ca), g - 12.5 (50%) 12.5 (50%)
Copper sulphate pentahydrate (25% Cu), mg - 5 (100%) 2.5 (50%) 2.5 (50%)
Copper glycine (16% Cu), mg = 2.5 (50%) 2.5 (50%)
Ferrous sulphate heptahydrate (20% Fe), mg 60 60 (100%) 30 (50%) 30 (50%)
Ferrous glycine (16% Fe), mg = 30 (50%) 30 (50%)
Zinc sulphate heptahydrate (22% Zn), mg = 50 (100%) 25 (50%) 25 (50%)
Zinc glycine (16% Zn), mg - 25 (50%) 25 (50%)
Alpha-ketoglutarate, mg - - 200

Explantions: V percent provision of nutritional requirement for the minerals (NRC, 1994); ? glycinate chelate: Glystar Forte Ca, Fe,

Zn and Cu (Arkop, Poland)
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All the pheasants were maintained ad /ibitum on the regu-
lar complete diets for the breeding flock of the participat-
ing farm. The ingredient and chemical compositions of the
experimental basic diets during the rearing period between
5 and 16 weeks of life and during the laying period are pre-
sented in Table 2. The nutritional value of the breeder diet
was determined according to the National Research Coun-
cil (36). The feed was provided to the breeding pheasants
during the 4 weeks before the laying period.

Tab. 2. Ingredients (g kg™') and nutritional value of pheasant

hen basal diet

Components Rearing (5-16 weeks) Hens
Corn 272.0 291.5
Wheat 100.0 252.0
Soybean meal 280.0 220.0
Garden pea 50.0 50.0
Fish meal 20.0 0.00
Linseed 40.0 40.0
Sunflower meal 80.0 80.0
Sorghum 30.0 50.0
Soya oil 50.0 0.0
Salt 3.0 3.0
Mineral-vitamin premix 2.5 2.5
DL-methionine 0.7 0.3
L-lysine chloride 0.9 0.7
Analysed value:
Dry matter 895.4 894.8
Crude protein 232.7 189.6
Crude fat 51.2 33.8
Crude fibre 39.8 49.6
Crude ash 69.2 69.1
Calcium 8.2 25.9
Total phosphorus 6.5 6.9
Iron, mg kg~ 721 104.1
Zinc, mg kg™ 64.2 73.4
Copper, mg kg™’ 5.3 5.9
Lysine 13.8 1.2
Methionine 4.8 3.5
Palmitic acid (16:0) 41 4.13
Stearic acid (18:0) 0.79 0.72
Oleic acid (18:1, ©-9) 7.24 6.31
Linoleic acid (18:2, »-6) 25.41 16.05
Linolenic acid, (18:3, »-3) 2.11 1.13
AMEn, MJ kg™ * 12.05 10.56

Explantions: the mineral-vitamin premix in the control group pro-
vided 60 mg Mn, 1.2 mg I, 50 mg Fe, 40 mg Zn, 5 mg Cu, 0.2 mg
Se, 10000 IU vit. A, 2500 IU vit. D,, 50 mg vit. E, 2 mg vit. K,
1.5 mg vit. B,, 4.5 mg vit. B,, 3 mg vit. B¢, 0.015 mg B,,, 0.1 mg
biotin, 0.8 mg folic acid, 20 mg nicotinic acid, 12 mg pantothenic
acid, and 300 mg choline per kg. * AMEn — metabolizable energy
at zero nitrogen balance was calculated by the equations of Fisher
and McNab (1987).
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Eggs. Eggs obtained at the culmination of the egg pro-
duction period were used for the experiment. The collected
pheasant eggs were placed in trays and kept at 18°C for
7 days, which is a storage period which does not impinge
on egg quality or incubation success (8, 11).

The weights of the eggs were determined on electronic
scales accurate to 1 g, and the lengths and widths of the
eggs were measured with electronic slide callipers accurate
to 0.1 mm. The shell area was calculated with the equation
for chicken eggs of Paganelli et al. (38):

Ps =4.835 x W02
where W is egg weight.

The shell thickness was calculated with the formula
derived by Ar et al. (4):

L =54.06 x W04,

The shape index was determined as the ratio of the width
of the egg to its length expressed in %.

After the preliminary measurements, 21 eggs from each
group were broken individually onto a flat surface and left
for 5 minutes, after which time the height of the protein
was measured using a micrometer screw gauge placed on
a tripod. The measurement was made at three points 1 cm
from the edge of the yolk, and the average of the three
measurements was the value used in operations. Haugh
Unit (HU) values were calculated using the following for-
mula (22):

HU =100 x log (H + 7.57 — 1.7) x W%
where H is albumen height in millimetres and W is egg
weight in grams.

The yolks were separated from these eggs and combined.
In addition, whole eggs (21 from each group) were broken
and mixed, and the samples were frozen at —20°C until labo-
ratory analysis. Pooled samples for analysis were obtained
from 3 eggs (n = 7). From the remaining properly formed
eggs, 120 were randomly selected from each experimental
group and incubated.

The assessment of fertilised eggs and ascertainment that
there were unfertilised eggs was carried out on days 7 and
21 of incubation. At the end of the incubation period, the
eggs were hatched. The hatchability was calculated for
eggs incubated to the hatching stage as was the percent-
age of eggs incubated and hatched from which live chicks
were produced. Survival percentages for the number of
chicks hatched on day 7 and day 14 of rearing were also
determined.

Analytical procedures. The chemical compositions of
the basal and experimental diets were analysed for their dry
matter, crude protein, crude fibre, crude fat, crude ash and
amino acids according to AOAC procedures (3). Nutrient
contents in eggs and yolk were also analysed for their dry
matter, crude protein and crude ash, likewise according to
AOAC procedures (3).

The contents of Ca, Fe, Zn, Cu, Mg, K, and Na in the
feed, whole eggs and yolk samples were determined using
the AAS flame technique in a Unicam 939 apparatus (AA
Spectrometer Unicam, Shimadzu Corp., Tokyo, Japan) after
incineration at 550°C, according to the methods adopted
by the AOAC (3).

The total phosphorus content in the feed, eggs and yolks
was identified colorimetrically (14) with a Helios Alpha



UV-Vis apparatus (Spectronic Unicam, Leeds, United
Kingdom).

Statistical analysis. The obtained data were subjected to
statistical analysis in Statistica 10.0 (StatSoft, Tulsa, OK,
USA). Two-factor analysis of variance (ANOVA) was used
according to the following model:

Yy =ptate;
where:
y;; — 1s the observed dependent variable,
u — is the overall mean,
a; — is the mean effect of i™,
¢; — is random error.

Tukey’s test was used to determine the significance of
the differences between the dietary averages of each feed
group, and the relationships were found to be significant
at P<0.05.

Results and discussion

Dietary supplementation with chelates and chelates
in combination with AKG resulted in a significant
(P <0.05) increase in the laying performance of pheas-
ant hens, while reducing the number of defective (un-
fertilised) eggs (Tab. 3). There was a slight reduction in
egg size and thus in their weight, but these differences

Tab. 3. Egg weight and morphometric characteristics
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were not significant. The egg shape index was lower,
and was the same in both experimental groups. The
surface area and thickness of the shell also decreased,
but the differences from the control group were insig-
nificant. The eggs from the chelated feed group had
a lower albumen height resulting in a slightly higher
HU score, while those given chelated feed supplemented
with AKG had higher albumen resulting in the highest
HU score for this group. These differences were not
statistically significant.

The eggs from the group fed the chelated diet
supplemented with AKG had the highest fertilisation
rates measured on days 7 and 21 of incubation (Tab. 4)
and these rates differed statistically significantly. This
group had 8% more eggs suitable to put on the hatcher
compared to the control group. The proportion which
hatched also peaked in this group, and for eggs laid on
the hatcher it was almost 20% higher than that of the
control group. Successful chick rearing was higher in
both the group of birds supplemented with chelates and
the group additionally supplemented with AKG, with
the latter group achieving the highest values on both
days 7 and day 14 of rearing.

The applied dietary supplementation produced an in-

crease in the content of dry egg mass,
crude protein and crude ash (Tab. 5).

Treatment Significantly higher protein content
Characteristics of eggs Group | Group I Group Il SEM | Pvales | Was found in the dietary groups with
Control (C) | Chelates | Chelates + AKG the addition of chelates and chelates
Total number of eggs 335° 368" a7 125 | oom | With AKG compared to the control
- . group, and the experimental groups
Deficient eggs, % 6.35 4.02 3.98 2.05 0.058 did not differ signiﬁcantly from each
Egg weight, g 33.7 33.4 32.9 1.38 0.096 other. Both experimental groups
Egg length, mm 473 47.2 47.2 0.3 | 0415 | showed a statistically significantly
Egg width, mm 38.4 38.2 38.0 023 | 0264 | higher content of raw ash than the
, control group. There was also a sig-

Egg shape index, % 82.0 81.0 81.0 0.50 | 0.252 . . .

00 shap 2° nificant difference in the fat content
Eggshell area, cm 49.62 49.33 48.84 0.92 0.287 between the group in which the feed
Eggshell thickness pm 261.3 260.3 258.6 5.68 0.312 with AKG was added and the control
Height of the egg white (mm) 4.00 3.98 4.12 0.06 | 0216 | group and the group without the ad-
Haugh unit (HU) 72.8 72.9 7.3 104 | 0102 | dition of AKG.

Explantions: a, b, ¢ — values with different superscript letters differ significantly at P <0.05.

Tab. 4. Hatchability results

The chemical composition of the
egg yolk was less diverse between
groups. The high-
est content of dry

Treatment matter and crude
Incubation and rearing Group | Group Il Group Il SEM | Pvalues protein was found
Control (C) Chelates Chelates + AKG in the group with
Eggs inserted in the incubator 120 120 120 0.0 1.000 the dual dietary
Fertilised eggs, 7" day of incubation, % of laid eggs 88.0 91.0 92.0 2.5 0.053 Supplt?men.tatlor},
Fertilised eggs, 21° day of incubation, % of laid eggs 65.0° 68.0% 74.0° 3.5 0.041 and birds in this
- . group had the low-
Eggs laid in the hatcher, % of incubated eggs 60.0° 61.0° 68.0° 2.5 0.043 est yolk fat content
Hatchlings, % of incubated eggs 48.4° 48.6° 54.7" 2.7 0.042 However, these dif-
Hatchlings, % of eggs from the hatcher 72.4° 80.1° 92.1¢ 3.2 0.024 ferences were not
7-day-old hatchlings, % of all hatched 80.2° 86.7° 94.20 34 | 0.029 StatlSt}lSI?HY Siﬁnlﬁ%
14-day-old hatchlings, % of all hatched 69.8° 71.5° 85.4° 2.6 0.026 cant. ¢ yolks o

Explantions: as in Tab. 3

the experimental
groups’ eggs were
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Tab. 5. Chemical composition of whole eggs and yolk of pheasant (%)

Explantions: a, b — values with different superscript letters differ significantly at

P<0.05.

Tab. 6. Mineral content of whole eggs and yolk of pheasant hens

Explantions: a, b — values with different superscript letters differ significantly at

P <0.05; DM — dry mater.

differences in calcium, iron and zinc

Tieatment contents compared to these contents in

Components Group | Group I Group I SEM | P values the control group were stqtistically s'ig-

Control (C) | Chelates | Chelates + AKG nificant. In the group of birds receiving

Foo: a diet offering AKG and chelates, the

— 2418 24.34 24.28 P P mineral content was slightly higher still,

: ' : ' ' but the mean values of these element

- crude protein 12.15 12.19* 12.31 0.13 0.041 contents differed statistically signifi-

- crude fat 10.23 10.20° 10.02° 0.11 0.034 | cantly from those of the control group
~ crude ash 1122 1.200 1.31 0.07 | 0.025 | only for calcium, iron and zinc.

— nitrogen-free extract 0.68 0.66 0.64 0.05 | 0.118 The dietary supplementation of these

pheasants changed the mineral compo-

Yolk sition of the yolks of their eggs. In both

- dry matter 47.02 46.98 47.06 042 | 0192 | experimental groups, a higher content

- crude protein 16.22 16.24 16.35 0.18 0.098 of mineral components in the yolk was

- crude fat 25.86 25.81 25.65 021 | 0103 | noted, with the exception of sodium.

— crude ash 1.45° 1.51% 1.50° 0.09 0.044 Statistically significant dl'fferences were

) found between the experimental groups

- nitrogen-free extract 3.49 3.42 3.41 0.07 0.138 and the control group for calcium, iron

and zinc levels. No such differences
were observed between the experimental
groups. There were also no significant
differences for the studied traits in yolk

Treatment depending on the season.

Components Group | Group I Group Il SEM | P values One of the most important factors in
Control (C) | Chelates | Chelates + AKG the reproduction and rearing of birds
Egg: is their nutrition. Previous studies on
Calcium, g kg DM | 2.69° 2.80 2.86° 045 |oosz | Pheasantfeedingoptimisation on closed
) farms have focused mainly on balancing
Phosphorus, g kg DM | 9.14 9.16 9.18 0.78 0.258 the energy value, appropriate protein
Magnesium, g kg DM | 0.70 0.7 0.7 0.02 0.448 level and amino acid proﬁle (17’ 30, 41)
Potassium, g kg" DM | 9.02 9.12 9.15 0.43 0.292 It was shown that the use of a diet with
Sodium, g kg DM 6.04 6.08 6.07 004 |0203 | 34% reiUCtiﬁn in thel level <()1f PrOteig

Iron, mg kg~ DM 160.9° 172.3° 170.1° 558|043 | Comparedtothe control group decrease
} ) : . ; the size and weight of eggs, and they
Zinc, mg kg~' DM 58.31 69.35 70.14 3.86 0.028 typlcally had a smaller surface area and
Copper, mg kg™' DM 2.23 2.33 2.34 0.06 0.063 thinner and weaker shells (27). However,
Yolk: an increase in the level of raw protein to
Calcium, g kg DM | 3.45° 3.70° 3.79° 034 | 0.043 18%1'111 the lpheésantddtlletls1gn1ﬁcar%tly
Phosphorus, g kg DM | 11.08 11.18 11.21 082 |02 | omeliorativelyallected the laying perfor-
: mance, egg mass and hatchability (47).
Magnesium, g kg~ DM | 0.329 0.330 0.331 0.02 0.441 The addition of bioalginates to the
Potassium, gkg' DM | 2.52 2.56 2.59 0.39 0.295 diet of pheasant chicks significantly
Sodium, g kg-' DM 1.23 1.21 1.22 0.02 |0.289 enhanced the growth rate of and gained
Iron, mg kg~ DM 132.9° 151,90 172.10 552 |00 | 0ody V];’?lcz‘la’htff‘()lr the lblrds- At the Samg

Zinc, mg k™' DM 50120 73.40° 74.12° 38 |00 | Lme birds fed on lower protein an
) higher energy content diets made higher
Copper, mg kg™' DM 1.96 2.23 2.25 0.05 0.056 gains, regardless of whether a bioalgi-

nate supplement was used (20).
Until recently, much less attention had
been paid to investigation of the influ-

characterised by a statistically significantly higher con-
tent of raw ash compared to those of the control group.

Chelates both alone and with AKG as improvers of
the birds’ diet increased the mineral content of eggs
(Tab. 6). A higher content of individual elements was
noted both in the birds in the group supplemented with
chelates, and in the diet supplemented with chelates in
combination with the addition of a-ketoglutarate. The

ence of quantity and quality of mineral components on
production results in breeding operations and meat and
egg quality (40, 43). In recent years however, alternative
sources of supplementation with mineral components
have been increasingly sought, and operators of closed
farms of pheasants are among the seekers, the pheasant
use being immaterial. Studies on mineral components’
effects in diets, including studies on the substitution of
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inorganic forms with organic ones, are being conducted
more and more widely (6, 17, 19, 24, 47, 48, 52).

Studies conducted in laying hens on the effects of
the addition of zinc, copper, and manganese mineral
chelates showed their effect on egg mass and shell
thickness, but not on production results (6), while the
addition of calcium chelate to the diet of pheasants
significantly raised egg production and increased bone
content, which may be relevant for its subsequent syn-
thesis in egg shells (24).

The results of the present study obtained in the control
and experimental groups regarding the size and weight
of eggs were slightly higher than those presented in the
studies of Nowaczewski et al. (35) and Kirikgi et al.
(25), where smaller egg size and weight were found.
A slightly higher egg mass was observed in the studies
of Mangiagalli et al. (33). The studies of Ozbey et al.
(37) yielded similar results for egg weights to those
obtained in laying hens receiving a chelated diet in
combination with a-ketoglutarate.

Previous studies by the present authors (19) on the
replacement of calcium, iron, zinc and copper salts with
glycine chelates in different proportions in pheasant
feed showed such replacements to have a significant
impact on production results. The modification of the
diet significantly increased the number of eggs laid
while reducing their size and thus their weight. Better
hatchability and survival of chicks were also found (19),
and the best results were obtained with 50% salt supple-
mentation with chelates. In addition, glycine chelates
contributed to an increase in bone density and thus an
increase in their resistance to mechanical damage (15).

Based on the conclusion of previous results that the
optimal level of supplementation may be 50% glycinate
in the diet of laying pheasants (19), this experiment
showed that supplementation with AKG improved the
laying performance while reducing the size and weight
of'eggs. The eggshell was thinner, and the albumen and
the HU scores were higher. Reproduction parameters,
i.e. the number of fertilised eggs on each assessment
day and the hatchability and rearing rates also improved.
There was also an increase in the content of raw protein
and raw ash as well as a decrease in the fat content of
both the yolk and the whole egg. Differences in egg
weight and chemical composition can have a signifi-
cant impact on pheasant productivity, as confirmed by
Ashraf et al. (5). Similar results were reported by Ipek
and Dikme (23), who showed a significant relationship
between egg weight and post-hatching chick weight
and weight gain during rearing with no effect on bird
mortality. There was also a negative correlation between
the number of eggs laid per season and the weight of
chicks at hatching and a positive correlation between
the weight of eggs and the weight of chicks (37). In
addition, research by Yamak et al. (51) reported that
eggshell thickness had a significant impact on the hatch-
ing rate of pheasant chicks. In our own studies, there
were no statistically significant differences between the
experimental and control groups in the thickness of the
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egg shell, but significantly higher rates of hatchability
and rearing of chicks were observed in the experimental
groups with chelates and chelates with AKG.

Alpha-ketoglutarate is a molecule involved in many
metabolic and cellular pathways. It acts as an energy
donor and a precursor in the production of amino acids
and is a regulator of epigenetic processes. It is also a key
source of glutamate and glutamine, which stimulate
protein synthesis and inhibit protein degradation in
muscles. Dietary supplementation with alpha-ketoglu-
tarate, a key molecule of tricarboxylic acid, showed
beneficial effects on gut function in both experimental
animals (10, 49) and farm animals (9). Studies of dietary
supplementation with alpha-ketoglutarate in turkeys
indicated an increase in the synthesis of certain amino
acids, which resulted in greater bone mineral density
and thus made bones significantly stronger mechanically
(45). Experiments on the effects of dietary supplemen-
tation with alpha-ketoglutarate in laying hens showed
increased collagen synthesis in the bones but reduced
cholesterol content in the pectoral muscles, without
there being any effect on feed intake or weight gain (46).

The addition of 200 mg of AKG to 1 kg of diet with
calcium, zinc, iron and copper chelates of glycine (50%
of the supplemented elements) resulted in improved lay-
ing performance and rates of reproduction and rearing of
chicks, while reducing the size and weight of eggs. The
eggshell was thinner, and the albumen and the HU score
were higher. Supplementation of the diet with AKG
also brought about an increase in mineral components
in the whole egg and yolk, mainly calcium, iron and
zinc, the levels of which were statistically significantly
higher than those in the control group (P <0.05). In the
experimental groups, eggs were characterised by con-
tents of raw protein and raw ash higher by statistically
significant differences (P < 0.05), and a lower content
of fat in both the yolk and the whole egg.

The supplementation of calcium, iron, zinc, and cop-
per chelates and AKG in the diet of laying pheasants had
a significant augmentative impact on productivity and
on the chemical composition of eggs. Replacement of
50% of mineral salts with glycine chelates, especially
with the addition of 200 mg AKG in the diet, can be
implemented with breeding pheasants. This practice
also contributed to improving the nutritional quality
of pheasant eggs, which may be a desirable part of the
human diet in comparison to eggs of other birds.
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