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Abstract. In recent years obtained data make great advance into new more effective feed
additives development. The strategy for creating these additives targeting, first of all, satisfying the
poultry physiological needs in biologically active substances. The practical value of the research lies
in usage of a feed additive that does not contain toxic and carcinogenic properties and is absolutely
safe for the laying hens. The purpose of our research was to identify the effectiveness of complex

E-mail: oksana.orishuk@gmail.com supplement in feeding laying hens. Crossbred laying hens were exposed to blended feed additive
during 3 months with various 0.2%, 0.3%, and 0.4% doses. Observed results demonstrated that feed
additive application increased nutrient digestion in laying hens and productivity by 5.4% in 0.2%
exposed group. The most meaningful increase in egg production rate was detected in the groups
exposed to 0.3% and 0.4% doses. Feed additive supplementation ameliorated the yolk content
in eggs in a dose-dependent manner. One of reasonable mechanism of stimulatory effect of feed
additive may relate to protection against magnesium deficiency in the stanard diet. The results of the
study showed that the magnesium level has increased in the eggs of the experimental groups by 1.6%
and 3.4%. Furthermore, the supplementation of the feed additive demonstrated beneficial effect on
the digestibility of nutrients in the diet. All exposed to feed additive groups develop a growth of
average egg weight from 5.9% to 8.2% with a dose-dependent manner. In addition, feed additive
increased feed conversion coefficient that was bound with a decrease in feed consumption per 1 kg
of egg weight. For instance, 2nd experimental group consumed food on 7.3 % lower then the similar
indicator in the control group. Most meaningfult economic effect of feed additive supplementation
was detected in 2nd experimental group in respect to egg production. Therefore, present results
evidence that blended feed additive supplementation can be a promising strategy to maintain poultry
farming profitability as well as could be proposed for alternative mineral sources implementation.
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OuiHKa epeKTUBHOCTI MarHii-BMicHOi KOpMOBOi A06aBKK Ha NnepeTpaBHIcTb
NOXXUBHUX PEYOBUH i NPOAYKTUBHICTb Kypei-HecyuyoK

AHorauis. OTpuMaHi B OCTaHHI POKH JaH1 TO3BOIMIIN 3pOOMIIN BENUKHI KPOK BIIEper y po3poOIi HOBHUX OibII e(heKTUBHUX KOPMOBUX
no6aBok. CTparterisi CTBOPEHHS IIMX T00ABOK CIPSIMOBaHa, MEPIII 32 BCe, Ha 3a0e3MeueHHs (i3i07I0riuHuX MOoTped NTHUIl B Gi0OTiYHO aKTUBHUX
pedoBuHax. [IpakTrdHa MIHHICT JOCTIIKEHHS TIOJSTae y BUKOPHCTAHHI KOPMOBOI T00ABKH, SIKa HE MA€ TOKCHYHUX 1 KAHI[EPOT€HHHX BIIACTH-
BOCTeH 1 € aOCOMOTHO OE3MEeYHOI0 TS Kypei-HecydoK. MeToro HaluX AOCIiDKeHb OyI0 BUSBICHHS €()eKTUBHOCTI KOMIUIEKCHOI JOOaBKU B
rofiiBii Kypeii-Hecy4ok. [TomicHI Kypu-HeCyuKH IMPOTAToM 3 MICsILIiB OTPUMyBaii KOMOIKOPMOBY 100aBKy B pizHKX no03ax 0,2%, 0,3% Ta 0,4%.
Croctepe)xyBaHi pe3yNbTaTH IOKa3allH, 10 3aCTOCYBAHHS KOPMOBOI TOOABKH ITiABUIIMIIO NIEPETPABIICHHS TOKHBHUX PEUOBHH y Kypel-Hecy-
YOK 1 IPOAYKTHBHICTB Ha 5,4% y 0,2% rpymi, mo migganacs BBy, HalOimbr 1ocToBipHE MiABUIIEHHS HECYUOCTI BUSBICHO B Ipymax, sKi
OTPHMYBaJIM KOPMOBY J100aBKy B 1103ax 0,3% 1 0,4%. [lonaBaHHs KOPMOBOT JOOABKH MOKPAIIlyBajlo BMICT JKOBTKA B SIHIISIX 3aJIXKHO Bifl JI03H.
OmHUM i3 OOTPYHTOBAHHMX MEXaHI3MIB CTUMYTIOIOYO] [Iii KOPMOBOI JOOABKH MOXKe OyTH 3aXHCT Biff Ie(hilUTy MarHiio B CTAHJAPTHOMY PAIliOHi.
PesynbraTu 10CmiKeHHS TOKa3ay, IO B SIAIAX JOCTIAHUX TPy piBeHb MarHito miasumuscs Ha 1,6% i 3,4%. Kpim Toro, nonaBaHHs KOpMOBOI
JI00aBKH MPOAEMOHCTPYBAJIO CIIPUSTINBHIA BIUTHB Ha IIEPETPABHICTh NOXXMBHUX PEYOBHH Y pallioHi. ¥ BCIX IpyIax, ki 3a3HaJIN BIUTUBY KOPMO-
BHUX JI00ABOK, CIIOCTEPIraeThCst 3pOCTaHHs CEPEIHBOT MacH S€lb Bl 5,9% 10 8,2% 3amexxHo Bix mo3u. Kpim Toro, kopMoBa 100aBKa i JBHIILY-
Basia KoeillieHT KOHBEPCii KOpMY, 110 OYJI0 OB’ I3aHO 31 3HIKSHHSIM BUTPATH KopMy Ha | kr Macu siiitst. Tak, 2-ra qociifiHa rpymna CrioyKuBaja
Txi Ha 7,3 % MeHILe, HDK y KOHTpOJbHIN rpymi. Hai6inbm 3Haqymuii eKkoHOMiuHM edeKT Bix 1oraBaHHs KOPMOBOI 10OABKU BUSIBICHO Y 2-i
JIOCHIAHIHA TPYIIi MOAO HeCydocTi. TakKuM YHHOM, HaBECH] pe3ylbTaTd CBiIYaTh PO Te, 0 JI0AABAHHS 3MITaHHX KOPMOBHX OOABOK MOXE
OyTH IIEPCIIEKTHBHOIO CTPATETIEI0 MiATPUMKH MPHOYTKOBOCTI NTaXiBHUIITBA, & TAKOXK, MOXE OyTH 3aIIpOIIOHOBAHO JUIS BIPOBA/PKEHHS JIbTEP-
HATUBHUX MiHEPAILHHUX JUKEPEL.

Kuro4oBi ci1oBa: nTaxiBHUITBO; KOMOIKOPMOBI TOOABKH; SIKICTB SI€L[b; TIEPETPABICHHS TOXXHUBHUX PEIOBHH; KOHBEPCIsI KOPMY.
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Introduction

Modern industrial poultry farming cannot be imagined without
the use of various biologically active substances. Poultry producers
are well acquainted with the results of scientific research on the
effectiveness of various feed additives ycare in poultry feeding
(Barzegar etal., 2020). In general, to ensure optimal mineral nutrition
of laying hens, it is recommended to use balanced compound feeds
enriched with the necessary macro- and microelements. In this case,
it is necessary to take into account the physiological needs of the bird
at different stages of the productive period. The results of studies
show that the introduction of feed additives into the diet contributed
to an increase in egg production and improved egg quality (Wu et al.,
2014). Blended feed additives are important tools in the feeding of
laying hens since they are involved in many biochemical processes,
including enzyme activation, protein synthesis and nervous system
regulation (Abedini et al., 2018).

A key factor in ensuring high productivity and health of laying
hens is complete nutrition. Both a lack and an excess of the critic
elements content in the diet can provoke a decrease in egg production,
deterioration in egg quality and of the general condition of the bird
(El-Tarabany et al., 2022).

Therefore, the support of the egg production requires targeted
feed additives. The recent proposal to supplement succinic acid salts
in animal and poultry feeding is considered as promising strategy
that based on the natural compounds including purified minerals
as the feed additive. This is a natural organic compound that
participates in the tricarboxylic acid cycle and plays an important
role in energy metabolism in the various cell types. An application
of organic components blended with minerals in the poultry diet has
a number of beneficial effects. Similar feed additives stimulate the
secretion of digestive enzymes and improves the digestibility of feed
(Bodle et al., 2018). Besides, recent data have been demonstrated
that the addition of supplements based on succinic acid salts to the
diet contributes to an increase of laying hens egg production and live
weight gain in broilers (Abd El-Hack et al., 2017a).

In laying hens, improvements in eggshell quality and nutrient
content were observed, as well as a 4-6% increase in productivity
(Abd El-Hack et al., 2017b). The use of the supplement in broiler
diets showed a decrease in feed conversion, an increase in body
weight gain by 5-7%, and an improvement in calcium-phosphorus
metabolism. The feed additive is a promising additive in poultry
feeding due to its metabolic, anti-stress and antioxidant properties.
Its use allows to increase the productivity and quality of poultry
products (Ibatullin et al., 2020).

The purpose of our study was to assess the efficacy of
organictminerals feed additive on productivity, feed digestibility
and egg quality indices.

Materials and methods

The study carried out with including 400 chick individuals of
cross-bred laying hens “Lohmann White” growing on the poultry
farm LLC “Agrocenter Ptakhoprom" in Dnipro province. The
cohort of chickens was divided for four equal groups accordingly
to the method of analog groups, taking into the account live weight

Table 1 — The scheme of the experimental groups differentiation

Diet content
Complete diet (CD)
CD + 0.2% feed additive “Green line”
CD + 0.3% feed additive “Green line”
CD + 0.4% feed additive “Green line”

Groups, (n = 100)

Control

1* — experimental
2" — experimental

31 — experimental

and the main physiological indices. Laying hens of one control
group and three groups exposed to feed additive were raised into
equal parts of chicken coop.

According to the aim of study the commercial organic+minerals
feed additive was supplemented in the various doses for three
experimental groups. Feed additive “Green line” was purchaused
from “Jala Gold, Ltd”. Company does not provide the exact
composition of the supplement. The laying hens of the control
group were fed complete diet (CD) produced by Agrocenter feed
department. Three experimental groups of the laying hens (1st, 2nd,
3rd) were fed complete diet supplemented with “Green line” feed
additive at the doses of 0.2%; 0.3% and 0.4% to the standard feed
weight according to the experimental scheme (Table 1). The duration
of the experiment was 90 days. The compounds as well as complete
feed were manufactured by LLC “Agrocenter "Ptakhoprom".
Recipe for compound feed for cross-bred laying hens used in the
research consisted of corn grain — 30.0%; wheat grain — 24.17%;
wheat bran — 7.9%; sunflower meal — 17.0%; soybean meal — 10.0%;
miavit — 0.2%; lysine — 0.2%; methionine — 0.1%; table salt — 0.37%;
monocalcium phosphate — 0.9%; choline chloride — 0.06%. The
control and all experimental groups of laying hens were provided
with nutrients in accordance with regulatory requirements during
all periods of rearing.

According to the principal approach of experimental procedures
in poultry farming regarding the use of new drugs or additives
it is recommended to supplement no more than 0.5% of the feed
additive in the diet. It is believed that this amount will not harm the
productivity of the bird.

Important indicators by which the new feed component, in our
case the feed additive “Green line”, effectiveness is evaluated, are
safety and productivity. In addition to performance indices, feed
digestibility and nutrient absorption were assessed. Survival data
were measured by daily counting of dead birds in the groups.
Determination of digestibility of feed nutrients was performed
to assess digestive function. Digestibility was assessed by
determining the digestibility coefficient, which is equal to the ratio
of the consumed nutrient in the diet to that excreted in the feces and
reflects the degree of absorption of the corresponding substance in
the digestive tract. Five laying hens were selected from each group
for the experiment. They were kept in specially prepared cages. The
consumed feed, its residues, and litter were recorded, from which
averaged samples were regularly taken for further analysis. Samples
taken were preserved with a 10% hydrochloric acid solution in a
ratio of 1:10.

The determination of the chemical composition of the samples
of compound feed and litter was carried out using traditional
methods. The initial humidity level was determined by drying the
samples in a specialized oven at the temperature of 60-65 °C to a
constant mass. The hygroscopic humidity level estimated via drying
the samples at a temperature of 100-105 °C to take a final constant
mass. The crude fiber content was detected by the Henneberg
and Stoman method. The raw fat content was measured by the
Rushkovsky method via detection of the defatted residue content in
the Soxhlet apparatus using sulfuric ether. The crude protein was
assessed by the Kjeldahl method. The raw ash was measured by the
dry ashing method by burning the sample in a muffle furnace at a
temperature of 450-500 °C. The chemical composition of chicken
eggs was determined with the same methods.

The magnesium content in compound feed and table eggs was
detected at the Research Center for Biosafety and Environmental
Control of Agricultural and Industrial Complex Resources by the
method of atomic emission spectrometry with inductively coupled
plasma on an Agilent 5110 device (Oseyko et al., 2024).

Eggs’ weight was assessed trice during the study periods
particularly at the end of 24-th, 30-th, and 42-nd weeks. The weight
of chicken was measured with TVE-12 scales.

Statistical analysis of the results was performed using MS
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Excel software, taking into account the significance of differences
between groups at P<0.05. The results of statistical analysis are
presented as mean (M) + standard error of the mean (SE).

Results

The results of the detection the principal nutrient content have
demonstrated that the ratio of crude protein was 17.24%; crude
fat — 3.90%; crude fiber — 4.60%; total calcium 3.3%<, and total
phosphorus — 0.79%. In the feed compound consumed by the control
group the content of magnesium was detected equal to 2.0 g/kg.
However, the magnesium content in the experimental groups was
detected equal to 2.1-2.3 g/kg respectively.

The comparative assess of mortality among control and
experimental groups have shown that application of the feed additive
contributed to an increase in the survival of laying hens in the
experimental group by 2.1% compared to the control.

The live weight of laying hens was applied as important index to
assess the effect of feed additive on productivity. The supplementation
of feed additive induced live weight increase in exposed groups on
0.3% and 0.6% higher in compare with to the control group.

During the first month of the experiment, an insignificant
number of eggs was collected in all experimental groups, as that was
a beginning of egg laying period. Subsequently, the number of eggs
laid increased, reaching a maximum in the control group in the third
month of the experiment.

The best results were achieved in the 2nd experimental group
(introduction rate 0.3%) of laying hens consuming feed additive
“Green line”. In this group, the maximum gross collection was
higher than the control indicator by 5.4% due to the additive,
which stimulated better feed absorption, which led to an increase
in productivity. In the 1st and 3rd experimental groups, a gradual
decrease in the number of collected eggs was observed, although
these indicators were higher than those in the control group by 3.7%
and 4.0%.

Maximum egg production rate (88.4%), out of all experimental
groups, was observed in a group 2 (0.3% addition of the feed additive
“Green line” into the diet).

Table 2 — Intensity egg production, % (M £+ SE,n=100)

The aforementioned results are fully consistent with the
indicators of egg production intensity (Table 2).

The analysis of obtained data has shown that during three month
of the study the egg-laying intensity gradually increased in every
experimental group. For example, in the first month of the experiment,
this indice in the control group was 76.5%, while the same indice in
the experimental ones was observed in a range of 78.0 —78.7%. On
average, over the 3 months of the exposure to feed additive, the egg
production intensity index in the control group was 86.7%. In the
experimental groups of poultry fed with the feed additive the most
fruitful results were achieved in 2nd and 3rd groups.

The results demonstrated that with the age of the birds, the
average egg weight in all groups increased. In the control group, the
average egg weight increased from 57.3 g at the 24th week of age
to 60.2 g at the 30th week of age and to 63.7 g at 42nd week of
age. The eggs of birds in the experimental groups exceeded these
indicators. Of the first three experimental groups, the best results
were recorded in group 2, which received 0.3% of the feed additive
in the diet at 2.7%, 2.8% and 2.5% increase respectively. One of the
main integrative index of egg productivity is the yield of the total
egg mass. During the research period egg masses in the experimental
groups were by 5.9%, 6.8 and 8.2% higher then in control group. The
best indicators were noted when using a feed additive in the amount
of 0.3%.

The results of study demonstrated the modulation of chemical
composition in egg including total protein content. The results have
shown that in the 2nd and 3rd groups the dry matter content was
higher than in the control by 0.3% and 1.2% correspondigly. The
observed increase in dry matter occurred due to a growth of the crude
protein content in egg.

Almost the same trend was observed in respect with the chemical
composition of the yolk (Table 3). Dry matter content in the yolk of
eggs of the experimental groups (1st, 2nd, 3rd) increased by 0.8%,
2.2% and 2.6% respectively. The higher dry matter content was due
to the increase in the amount of crude protein in the yolk of eggs of
laying hens of the experimental groups. The difference between the
groups in terms of crude fat content in the yolk was less pronounced.
The maximum values were observed in the 3rd experimental group
(32.3%).

Indicator Control 1% — experimental 2m — experimental 3™ — experimental
1st month 76.46 + 0.43 78.00 £ 0.38 78.70 + 0.47 78.57 £ 0.35
2nd month 90.37 +0.70 89.90 + 0.62 91.40 + 0.54 91.33+0.84
3rd month 93.30+0.91 94.07 +£0.55 95.00 + 0.83 94.20 +0.63
During the study period 86.71 £0.63 87.32+0.43 88.36 £ 0.51 88.03 £ 0.64

Note: data present as % (M + SE, n = 100).

Table 3 — Laying hens eggs’ chemical composition

Indicator control 1% — experimental 2" — experimental 3 — experimental
White
Dry matter 11.7+0.26 12.0+0.20 12.7+0.28 12.5+0.20
Crude protein 10.0+0.26 10.5+0.21 11.2+0.28 10.8 +£0.22
Crude fat - - - -
Yolk
Dry matter 50.8 +0.7 51.2+0.8 52.1+0.8 51.9+0.5
Crude protein 16.6 £ 0.4 171+ 0.3 17.6 £ 0.4 16.9+£0.2
Crude fat 314+03 31.3+0.2 31.8+04 323+04

Note: data present as % (M + SE, n = 100).
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Table 4 — Digestibility coefficients of dietary nutrients

Group Dry substance Organic substance Raw protein Raw cellulose Raw fat

Control 78.5+0.57 79.9+£0.55 79.1+0.49 25.5+0.37 80.3 +0.49
1* experimental 80.7+0.53 82.4+0.61 81.4 +£0.60 272+0.45 81.3 £ 0.60
2" experimental 79.4 +0.44 81.0+0.47 80.6 +0.44 26.4+0.35 80.9+0.55
3" experimental 81.0 £ 0.60 82.6 +0.66 81.9+0.52 27.5+0.42 81.4+0.52

Note: data present as % (M = SE, n = 100).

Research has shown that the feed additive prevented magnesium
deficiency in bird’s diets. The supplementation of a magnesium-
containing feed additive in the diet of laying hens contributed to the
normalization of the content of this element under conditions of the
high—intensity poultry farming. The important mechanism to provide
healthy nutrition relates to the fact while an insufficient magnesium
intake initiates detrimental changes in bone development, muscle
functioning and overall health. The obtained in present study data
have shown that the level of magnesium in the eggs of both 2nd and
3rd experimental groups was higher than in control group eggs by
1.6% and 3.4% respectively.

The feed additive “Ggeen line” had a positive effect on the
digestibility and absorption of the nutrients of the diet (Table 4).
Although the difference between the control and experimental groups
was not significant the indicators for crude fat were quite high.

In general, it should be noted that the most meaningful effect of
the feed supplement application to the diet of chicken was observed
in 3rd experimental a group of laying hens compared with the control
group. Besides, the results demonstrated that digestibility level of the
nutrients increased by 2.5 %, organic substances — by 2.7%, crude
protein — by 2.8%, crude fiber — by 2.0%.

Additionaly, the application of the feed additive “Green line”
ensured a reduction in feed consumption per kg of the egg mass: in
experimental group 1 — by 5.7%, in group 2 — by 7.3%, and in group
3 — by 6.0%.

Discussion

Recent reports evidence that the feed additives supplementation
is a promising and important aspect for the further development of
the poultry industry which can increase its efficiency and realize
the genetic potential of poultry productivity. Feed additives allow
normalizing digestion processes, effectively assimilating diet
components, and increasing feed conversion (Ibatullin et al., 2015;
2020).

Analysis of recent published results showed that actual problem
of poultry is a wide search and study of various additives that could
be the accessible source of nutrients in the feeding of farming
animals (Liao et al., 2015). Therefore, the attention of the current
study should be focused on the farming animal helath and targeted
on the strategy eco-friendly biological products as well as on the
strategy complex feed additives supplementation in poultry feeding
(Hassan et al., 2022).

Our research has shown that the introduction of a feed additive
into the composition of the compound feed of laying hens of the 2nd
experimental group in the amount of 0.3% contributed to an increase
in productivity by 5.4%. At the same time, the egg production per
average laying hen increased by 4.5%. The results of our research on
the use of organic additives are to some extent substantiated by other
researchers (Hayat et al., 2021).

At the same time, the positive effect of the feed additive on
the chemical composition of eggs was experimentally confirmed.
The highest levels of crude protein in the egg white and yolk of
the 2nd experimental group was 11.2% and 17.6%; in the 1st and
3rd experimental groups - 10.5% and 10.8% and 17.1% and 16.9%

respectively. Introduction of the additive into the composition of
compound feeds had no negative impact on chemical composition,
since the difference between the groups in indicators was insignificant
and statistically unreliable. The results of our research on egg quality
indicators are confirmed by data from other researchers (Zampiga et
al., 2018; Suchov et al., 2022).

A positive effect of the use of the additive on the morphological
indicators of edible eggs was also revealed. Feeding laying hens
0.3% of the additive in the composition of compound feed was
accompanied by a tendency of the egg weight increase. The best
results were recorded in the 2nd experimental group. The weight
of eggs at 24th week of hen’s age was 58.9 g, at 30th week of age —
61.9 g and at 42nd week of age — 65.3 g. Research results by other
scientists confirm that the use of various feed additives in poultry
feeding had a positive effect on productivity and contributed to
increasing the profitability of the poultry industry (Polehenka, 2019;
Shevczova, 2021; Tsap & Orishchuk, 2023).

The global analysis of poultry farming profitability demonstrated
that the increase in economic indicators is achieved by increasing
income from the sale of eggs and reducing the costs of their
production. In our studies, feed consumption per 1 kg of egg mass
decreased by 7.3% in the 2nd experimental group when using 0.3%
of the additive. When using 0.2% and 0.4% of the additive, feed
consumption was lower by 5.7% in the 1st group and by 6.0% in the
3rd group, respectively (Boerboom et al., 2018; Gavilej et al., 2021).

Observed in our study results confirm that feed additives based
on organic compounds play an important role in poultry feeding.
They maintain high productivity, prevent stress and, ultimately, are
a tool for creating efficient production of poultry products (Belloir
et al., 2019; Masiuk et al., 2024). Therefore, the results of the study
showed that feeding the additive as part of compound feed allowed
for additional production and profits, which creates the prerequisites
for recommending “Green line” feed additive to poultry farmers of
various ownership types.

Conclusions

The results of the study showed that the suplementation of feed
additive in a dose 0.3% into the diet of laying hens contributed to an
increase in productivity by 5.4%. The content of crude protein in the
yolk and egg white increased by 1.0% and 1.2% respectively. The
level of magnesium in the eggs of 2nd and 3rd experimental groups
was higher by 1.6% and 3.4% respectively. The digestibility of dry
matter increased by 2.5%, organic matter by 2.7%, crude protein
by 2.8%, crude fiber by 2.0%. In general, the use of magnesium-
containing feed additive contributed to an increase in productivity
and a decrease in feed costs of poultry products. Furthermore,
this blended feed additive application can lead to increase in feed
conversion as well as decrease in food expenditures. The further
study is required to clarify the molecular and cellular mechanisms
of feed additive stimulatory effects on the laying hens productivity.

Funding
This research received no external funding.

Theoretical and Applied Veterinary Medicine | Volume 13 | Issue I




O. S. Orishchuk, S.V. Tsap, R.V. Mylostyvyi, O. I. Chernenko, O. M. Chernenko
The assessment of magnesium-contained feed additive efficiency on nutrient digestibility and productivity in laying hens

Acknowledgement
The authors thankful Valentin Yefimov for consultating authors
on the laboratory diagnostics methods application.

Conflicts of Interests
The authors declare no conflict of interests.

References

Aviagen. (2019). Ross Nutrition Specifications. All Plant Protein-
Based Feeds. Aviagen. Retrieved September 16, 2022.

Abedini, M., Shariatmadari, F., Karimi Torshizi, M. A., & Ahmadi,
H. (2018). Effects of zinc oxide nanoparticles on the egg quality,
immune response, zinc retention, and blood parameters of
laying hens in the late phase of production. Journal of Animal
Physiology and Animal Nutrition, 102(3), 736-745.

Abd El-Hack, M. E., Alagawany, M., Salah, A. S., Abdel-Latif, M. A.,
& Farghly, M. F. A. (2017a). Effects of dietary supplementation
of zinc oxide and zinc methionine on layer performance, egg
quality, and blood serum indices. Biological Trace Element
Research, 184(2), 456—462.

Abd El-Hack, M. E., Alagawany, M., Amer, S. A., Arif, M.,
Wahdan, K. M. M., & El-Kholy, M. S. (2017b). Effect of dietary
supplementation of organic zinc on laying performance, egg
quality and some biochemical parameters of laying hens. Journal
of Animal Physiology and Animal Nutrition, 102(2).

Barzegar, S., Wu, S.-B., Choct, M., & Swick, R. A. (2020). Factors
affecting energy metabolism and evaluating net energy of poultry
feed. Poultry Science, 99(1), 487—498.

Belloir, P., Lessire, M., Lambert, W., Corrent, E., Berri, C., &
Tesseraud, S. (2019). Changes in body composition and meat
quality in response to dietary amino acid provision in finishing
broilers. Animal, 13(5), 1094-1102.

Bodle, B. C., Alvarado, C., Shirley, R. B., Mercier, Y., & Lee, J. T.
(2018). Evaluation of different dietary alterations in their ability
to mitigate the incidence and severity of woody breast and white
striping in commercial male broilers. Poultry Science, 97(9),
3298-3310.

Boerboom, G., van Kempen, T., Navarro-Villa, A., & Pérez-Bonilla,
A. (2018). Unraveling the cause of white striping in broilers
using metabolomics. Poultry Science, 97(11), 3977-3986.

Cobb-Vantress. (2018). Cobb 500 broiler performance and nutrition
supplement. L-2114-08 EN: August 2018. Cobb-Vantress.
Retrieved September 16, 2022

El-Tarabany, M. S., Ahmed-Farid, O. A., El-Bahy, S. M., Nassan, M.
A., & Salah, A. S. (2022). Muscle oxidative stability, fatty acid
and amino acid profiles, and carcass traits of broiler chickens in
comparison to spent laying hens. Frontiers in Veterinary Science,
9, 948357.

Gavilej, O., Pan’kova, S., Poliakova, L., & Chorna, G. (2021).
Influence of additional introduction of magnesium in the diet
on the productivity of chicken broilers. Visnyk Agrarnoi Nauky,
99(6), 42—49.

Theoretical and Applied Veterinary Medicine | Volume 13 | Issue 1

Hayat, M. N., Kaka, U., & Sazili, A. Q. (2021). Assessment of
physicochemical characteristics and microbiological quality in
broiler chicken breast muscle (Pectoralis major) subjected to
different temperatures and lengths of cold transportation. Foods,
10(4), 874.

Ibatullin, I., Tlchuk, I., & Kryvenok, M. (2015). Efficiency of feed
utilization by broiler chickens at different levels of arginine in
compound feed. Scientific Bulletin of the National University of
Bioresources and Nature Management of Ukraine, 205, 110-118.

Ibatullin, I., Kryvenok, M., & Ilchuk, I. (2020). Metabolism in
replacement chickens at different ratios of arginine and lysine.
Ukrainian Journal of Ecology, 10(5), 127-132.

Masiuk, D., Nedzvetsky, V., & Maksymchuk, Y. (2024). The
current state and prospects for the use of organic acids and their
compositions in poultry feed: A literature review. Scientific
Horizons, 27(7), 148—-157.

Liao, S. F., Wang, T., & Regmi, N. (2015). Lysine nutrition in swine
and the related monogastric animals: muscle protein biosynthesis
and beyond. SpringerPlus, 4(1).

Oseyko, M., Sova, N., Yefimov, V., & Petrachenko, D. (2024).
Chemical composition of seeds of industrial Ukrainian hemp
varieties. Ukrainian Food Journal, 13(3), 542-556.

Ogbuewu, 1. P, & Mbajiorgu, C. A. (2023). Lipid profiles and
production performance responses of laying hens to dietary
Moringa oleifera leaf meal: systematic review and meta-analysis.
Tropical Animal Health and Production, 55(4).

Polehenka, M. (2019). An analysis of the current state of poultry
production in Ukraine. Ekonomika ta Derzhava, 3, 137.

Shevtsova, L. (2021). Economic efficiency of the use of broiler
chicken wastes as organic fertiliser in the spring wheat
production. Balanced Nature Using, 1, 5-12.

Sychov, M., Ilchuk I., Umanets D., Balanchuk I., Ibatullin I.,
Umanets R., Holubietva T., Otchenashko V., Kondratiuk V.,
Tytariova O., Kuzmenko O., & Orishchuk O. (2022). Slaughter
parameters of broiler chickens at different levels and ratios of
arginine and lysine in the compound feed. Acta Fytotechnica et
Zootechnica, 24(4), 285-293.

Tsap, S. V., & Orishchuk, O. S. (2022). Productivity and quality of
eggs for the introduction of bjk in the diet of birds. Bulletin of
Sumy National Agrarian University. The Series: Livestock, (4
(47), 171-174.

Wu, G. (2014). Dietary requirements of synthesizable amino acids
by animals: a paradigm shift in protein nutrition. Journal of
Animal Science and Biotechnology, 5(1), 1-12.

Zampiga, M., Laghi, L., Petracci, M., Zhu, C., Meluzzi, A., Dridi,
S., & Sirri, F. (2018). Effect of dietary arginine to lysine ratios
on productive performance, meat quality, plasma and muscle
metabolomics profile in fast-growing broiler chickens. Journal
of Animal Science and Biotechnology, 9(1), 1-14.



https://aviagen.com/eu/index.php
https://aviagen.com/eu/index.php
http://doi.org/10.1111/jpn.12871
http://doi.org/10.1111/jpn.12871
http://doi.org/10.1111/jpn.12871
http://doi.org/10.1111/jpn.12871
http://doi.org/10.1111/jpn.12871
http://doi.org/10.1007/s12011-017-1190-0
http://doi.org/10.1007/s12011-017-1190-0
http://doi.org/10.1007/s12011-017-1190-0
http://doi.org/10.1007/s12011-017-1190-0
http://doi.org/10.1007/s12011-017-1190-0
http://doi.org/10.1111/jpn.12793
http://doi.org/10.1111/jpn.12793
http://doi.org/10.1111/jpn.12793
http://doi.org/10.1111/jpn.12793
http://doi.org/10.1111/jpn.12793
http://doi.org/10.3382/ps/pez554
http://doi.org/10.3382/ps/pez554
http://doi.org/10.3382/ps/pez554
http://doi.org/10.1017/s1751731118002306
http://doi.org/10.1017/s1751731118002306
http://doi.org/10.1017/s1751731118002306
http://doi.org/10.1017/s1751731118002306
http://doi.org/10.3382/ps/pey166
http://doi.org/10.3382/ps/pey166
http://doi.org/10.3382/ps/pey166
http://doi.org/10.3382/ps/pey166
http://doi.org/10.3382/ps/pey166
http://doi.org/10.3382/ps/pey266
http://doi.org/10.3382/ps/pey266
http://doi.org/10.3382/ps/pey266
http://doi.org/10.3389/fvets.2022.948357
http://doi.org/10.3389/fvets.2022.948357
http://doi.org/10.3389/fvets.2022.948357
http://doi.org/10.3389/fvets.2022.948357
http://doi.org/10.3389/fvets.2022.948357
http://doi.org/10.31073/agrovisnyk202106-05
http://doi.org/10.31073/agrovisnyk202106-05
http://doi.org/10.31073/agrovisnyk202106-05
http://doi.org/10.31073/agrovisnyk202106-05
http://doi.org/10.3390/foods10040874
http://doi.org/10.3390/foods10040874
http://doi.org/10.3390/foods10040874
http://doi.org/10.3390/foods10040874
http://doi.org/10.3390/foods10040874
http://doi.org/10.15421/2020_217
http://doi.org/10.15421/2020_217
http://doi.org/10.15421/2020_217
http://doi.org/10.48077/scihor7.2024.148
http://doi.org/10.48077/scihor7.2024.148
http://doi.org/10.48077/scihor7.2024.148
http://doi.org/10.48077/scihor7.2024.148
http://doi.org/10.1186/s40064-015-0927-5
http://doi.org/10.1186/s40064-015-0927-5
http://doi.org/10.1186/s40064-015-0927-5
http://doi.org/10.24263/2304-974x-2024-13-3-8
http://doi.org/10.24263/2304-974x-2024-13-3-8
http://doi.org/10.24263/2304-974x-2024-13-3-8
http://doi.org/10.1007/s11250-023-03693-2
http://doi.org/10.1007/s11250-023-03693-2
http://doi.org/10.1007/s11250-023-03693-2
http://doi.org/10.1007/s11250-023-03693-2
http://doi.org/10.32702/2306-6806.2019.3.137
http://doi.org/10.32702/2306-6806.2019.3.137
http://doi.org/10.33730/2310-4678.1.2021.231820
http://doi.org/10.33730/2310-4678.1.2021.231820
http://doi.org/10.33730/2310-4678.1.2021.231820
http://doi.org/10.15414/afz.2022.25.04.285-293
http://doi.org/10.15414/afz.2022.25.04.285-293
http://doi.org/10.15414/afz.2022.25.04.285-293
http://doi.org/10.15414/afz.2022.25.04.285-293
http://doi.org/10.15414/afz.2022.25.04.285-293
http://doi.org/10.15414/afz.2022.25.04.285-293
http://doi.org/10.32845/bsnau.lvst.2021.4.29
http://doi.org/10.32845/bsnau.lvst.2021.4.29
http://doi.org/10.32845/bsnau.lvst.2021.4.29
http://doi.org/10.32845/bsnau.lvst.2021.4.29
http://doi.org/10.1186/2049-1891-5-34
http://doi.org/10.1186/2049-1891-5-34
http://doi.org/10.1186/2049-1891-5-34
http://doi.org/10.1186/s40104-018-0294-5
http://doi.org/10.1186/s40104-018-0294-5
http://doi.org/10.1186/s40104-018-0294-5
http://doi.org/10.1186/s40104-018-0294-5
http://doi.org/10.1186/s40104-018-0294-5

