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BETEPUHAPWUA FblIJIbIMOAPDI BETEPUHAPHbIE HAYKU
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INNOVATIVE APPROACHES TO ENHANCING MEAT PRODUCTIVITY IN QUAIL
USING FINISH EXTRUDED COMPOUND FEEDS SUPPLEMENTED WITH PHYTOBIOTICA

Mussagiyeva D.K.* — PhD student, S. Seifullin Kazakh Agro Technical Research University NCJSC,
Astana, Republic of Kazakhstan.

Balji Yu.A.— Candidate of Veterinary Sciences, Professor, S. Seifullin Kazakh Agro Technical Research
University NCJSC, Director of the NFT-KATU LLP, Astana, Republic of Kazakhstan.

Zhanabayeva D.K. — PhD, acting Associate Professor, S. Seifullin Kazakh Agro Technical Research
University NCJSC, Astana, Republic of Kazakhstan.

Lei Luo — PhD, Dean, Professor of the College of Pharmaceutical Sciences, Southwest University,
Chongqing, China.

The article presents the results of experimental study of the effect of extruded compound feeds with the
BioFeed-P phytobiotic additive on meat productivity and the physiological state of Texas quails. The relevance
of the study is determined by the need to identify effective and safe alternatives to antibiotic growth promoters
under conditions of intensified poultry production. The experiment was conducted on meat-type quail divided
into control and experimental groups. It was established that the use of extruded compound feed supplemented
with a phytobiotic contributed to a 3.84% increase in the live body weight of quail by the end of the fattening
period, as well as to increases of 31.0% and 30.3% in absolute and average daily weight gain, respectively.
Improved meat quality parameters were also observed: the protein content in the muscle tissue of the
experimental group was 1.8% higher, while no statistically significant differences were found in fat and ash
content. Blood biochemical parameters remained within physiological reference ranges, indicating that the
experimental diet had no adverse effects on metabolic processes or the functional status of the birds. The
obtained results confirm the potential of extruded compound feeds supplemented with phytobiotics for
enhancing meat productivity and improving product quality in quail production.

Key words: fortified animal feed, phytobiotics, meat productivity, average daily gain, slaughter yield,
blood biochemistry.

OPUTOBUNOTUKTEPMEH SKCTPYAUPINEHIEH FINISH KYPAMA XXEMAI KONOAHY APKblJbl
BOAEHEHIH ET ©HIMAINIINH APTTbIPYAbIH UHHOBALIUATIbIK TOCINIAEPI

Mycazueea [.K.* — PhD dokmopaHmei, « C.CelipynnuH ambiHOarbl Kasak azpomexHuUKarsblK 3epmmey
yHusepcumemi» KEAK, AcmaHa K., KazakcmaH Pecriybnukachbi.

banodxu FKO.A. — eemepuHapus fbibiMOapbiHbIH KaHAudambl, npogeccop, «C.CelgynnuH ambiHOarbl
Kasak asepomexHukanbik 3epmmey yHugepcumemiy KEAK, «NFT-KATU» XKLUC dupekmopsbi, AcmaHa K.,
KasaxkcmaH Pecriybrnukacs!.

XKanabaesa [].K. — PhD, KaysimOacmbipbliiraH npogheccopldbiy M. a., « C.CeligpynnuH ambiHOarbl Kazak
aspomexHukarnbik 3epmmey yHugeepcumemi» KEAK, AcmaHa K., Kazakcma+ Pecrybnukachsi.

Lei Luo — Lei Luo — PhD, npogheccopenl, dekaH, OHmycmik-bamsbic yHUgepcumemiHiH ®apmauesmuka
FbinbiMOapbl Kosnedxi, YyHyuH, Keimat Xanbik Pecriybrnukacsi.

Makanada Biofeed-P ¢humobuomukarnbiK Kocriackl 6ap akcmpyoupsieH2eH Kypama XeMHiH Texac
bedeHeciHiH em eHimMOiniai MeH gbu3duonoausinbiK xardalbiHa acepi myparbl 3KCrnepuMeHmmik 3epmmey
Hemuxenepi kenmipineeH. XKymbicmbiH e3eKkminiai Kyc wapyalblnbifbiHbIH KapKbiHObINbIFb! XafdalibiHOa
aHmubuomukarnsiK ecy cmumyrnamopnapbiHa muimMOi XoHe Kayirciz banama isdey KaxemminigiHe 6alna-
HbICMbI. JKkcriepumeHm baKblriay XoHe aKcriepuMeHmmik mornmapsa beniHeeH em bafbimbiHOarbl 6e0eHe-
nepde Xypaizindi. Dumobuomuk KOCbIbIN IKcmpyoOuprneHeeH Kypama xemli nalidanaHy 6opdakbinayObiH
CcoHbiHa Kapal 6edeHenepdiH mipi canmarbiHblH 3,84% -fa, abcosrommi xeHe opmatwia maynikmik eCiMHIH
31,0% -ra xoHe 30,3% -ra apmybiHa biKnan emkeHi aHbikmasobl. EmmiH cananbik KepcemkilmepiHiH
JKaKcapfraHbl amarn emindi: aKcriepuMeHmmik monmbiH Oynubikem miHiHOeai akybi3 Mesuwepi, Mall MeH KyJl
KypambiHOarbl ceHimOi alibipmauwibiibikmap bonmaraH ke3oe 1,8% -ra xorapbl 60710b1. KaHHbIH BUOXUMUSIBIK
Kepcemkiuimepi ¢hu3uonoausisibiKk Hopma weeiHoe 60510bl XoHe IKcrepuMeHmmik duemaHbiH Memaborsu-
KarnbIK rpouecmepae xoHe Kyc OeHeCIHIH hyHKUUOHan0bi xardalibiHa mepic acepiHiH XXOKMbIfbIH KOpcemmi.
AnbiHFaH Hamuxernep em eHimOiniai MeH Kalima ecipy eHiMOepiHiH canackiH apmmbipy YWiH ¢pumobuomuk
Kochlnbin akecmpyduprieHeeH Kypama xem0Oi KondaHy rnepcrnekmugachkiH pacmadiobl.

TyliHdi ce3dep: 6alisimbiniraH Kypama xem, hpumobuomukmep, em eHimOiniei, opmawa maysikmik
eciM, coro eHimodiniei, KaH 6UOXUMUSICHI.
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WHHOBALIMOHHBIE NOAXO0AbI K NOBbILEHUIO MACHOW NPOAYKTUBHOCTU NEPENENOB
NYTEM UCNOJMb30BAHUA 3KCTPYAUPOBAHHbIX KOMBUKOPMOB FINISH C ®UTOBUOTUKAMU

Mycaeuesa [.K.* — dokmopaHm PhD, HAO «Kasaxckull aspomexHudeckul uccriedosamersibcKull
yHusepcumem umeHu C. CeligpynnuHa», . AcmaHa, Pecnybnuka KasaxcmaH.

Bandxu FO.A. — kaHOudam eemepuHapHbIX Hayk, rnpogeccop HAO «Kasaxckul aspomexHudeckul
uccnedosamernbcKuli yHugepcumem umeHu C. CeligpynnuHay, dupekmop TOO «NFT-KATU», 2. AcmaHa,
Pecnybnuka KazaxcmarH.

XKarnabaesa [.K. — PhD, u.o. accouuuposaHHozo npogeccopa, HAO «Kasaxckull aepomexHu4ecKkul
uccnedosamernbcKuli yHusepcumem umeHu C. CelgpynnuHa», e. Acmanra, Pecriybnuka Kazaxcmar.

Lei Luo — PhD, dekaH, npogheccop Konnedxa chapmauesmuyeckux Hayk KOzo-3anadHozo yHueep-
cumema, YyHuyuH, Kumad.

B cmambe npedcmasneHs! pe3yribmambl IKCrepuMeHmasnbHo20 uccriedosaHusi 8nusHUsS akempyou-
poBaHHbIX Kombukopmoe ¢ umobuomuydeckol Oobaskol BioFeed-P Ha MsCHyr0 npodykmueHOCMb U
¢usuonozudeckoe cocmosiHue rnepernenog mexacckol rnopodbl. AkmyanbHocmb pabomsi obycrioeneHa
Heobxodumocmbto noucka aghhekmueHbIX U 6e30nacHbIX arbmepHamue aHmubuomu4ecKuM cmumysgmo-
pam pocma 8 ycriogusix UHmeHcugukayuu nmuyesodcmea. dkcrnepumeHm rnpoeedéH Ha nepernenax MscCHO20
HaripassieHusi, pa30esiéHHbIX Ha KOHMPOJIbHYIO U 3KCriepuMeHmalsbHYH epynibl. YCmaHo8/1eHO, Ymo UCMO/Ib-
308aHUe 3KcmpyouposaHHO20 KOMbUKopMa ¢ chumobuomukom criocobcmeosaro yeenu4eHuro Xueol Macchl
neperiesnoe K KoHUy omkopma Ha 3,84%, noebiweHuto abcormomHo20 U cpedHecymoyHo20 npupocma Ha
31,0% u 30,3%. OmmeueHo yrnydweHuUe KayeCmeeHHbIX rnokasamersiel Msica: codepxxaHue berika 8 Mbiley-
HOU mKaHU sKkcriepuMeHmarsbHol epynb! 6b110 ebiwe Ha 1,8% npu omcymcemeuu 0oCmo8epHbIX pasnu4yuli
o codepxaHuro xupa u 307bl. buoxumuveckue nokasamesnu Kposu Haxodusnuck 8 rpedesnax ¢huuonoau-
yeckol HopwMbl u ceudemernibcmeosgasiu 06 omcymcmeuu He2amugHO20 6/1USIHUST 3KCriepuMeHmasbHOo20
payuoHa Ha 0bMeHHbIe PoUecchl U (hyHKUUOHAIbHOE COCMOsiHUe op2aHu3Ma nmuupl. [lonyyeHHble pe3yrib-
mambi nodmeep>x0arom repcrekmu8HoOCMb NMPUMEHEHUS 3KCmpyoOupo8aHHbIX KOMOUKOPMO8 ¢ humobuomu-
Kamu 075151 MO8bIWEHUST MSICHOU rnpodyKmueHOCMU U Kadyecmea rnpodyKyuu rnepernenoeodcmaa.

Knroydeenie crioea: obozaweHHble KOMOUKOpMa, humobuomuku, MsicHasi mpoOyKMU8HOCMb, CPedHe-
CymouHbIl npupocm, y60oUHbIl 8b1x00, BUOXUMUS KPO8U.

Introduction. The modern development of the agro-industrial complex is characterized by the active
introduction of innovative technologies aimed at increasing the productivity of agricultural animals and birds,
ensuring biosafety and reducing production costs. In poultry farming, special attention is paid to the
development of effective feed solutions, since feed costs account for up to 65-70% of the cost of production
[1, p. 18; 2, p. 12005].

Quail farming is a promising branch of poultry farming due to high precocity, intensive growth and
valuable dietary properties of quail meat and eggs [3, p. 40; 4, p. 3]. However, the realization of the genetic
potential of poultry largely depends on the completeness of feeding and the use of modern feed technologies.

Quail meat is popular among health-conscious consumers due to the high protein to fat ratio, low
cholesterol content and minimal intramuscular fat [5, p.131]. Quail meat contains 25-27% dry matter, 21-22%
protein, 2.5-4.0% fat, as well as a significant number of vitamins, minerals and essential amino acids [6, p.
226].

The success of a poultry enterprise largely depends on feeding and housing practices. Housing systems
significantly affect poultry production and product quality [7, p. 102]. Often compound feeds are incomplete in
nutritional value, which requires the inclusion of additives. Recently, the feed industry has paid considerable
attention to a relatively new category of feed additives known as phytogenic feed additives obtained from
spices, herbs or aromatic plants [8, p. 550; 9, p. 3; 10, p. 122].

Extrusion of feed components is considered one of the most effective technologies for processing raw
materials, contributing to increased digestibility of nutrients, inactivation of anti-nutritional factors and
improvement of sanitary and hygienic indicators of feeds [11, p. 44; 12, p. 67]. Combining extrusion processing
and the use of phytobiotics allows such compound feeds to be considered as an innovative tool for increasing
the efficiency of quail farming production.

Tushar Verma (2019) investigated the effectiveness of twin-screw extrusion in reducing Salmonella
levels taking into account fat content, moisture, temperature and screw speed. At temperatures above 65 °C,
the number of bacteria was below the detection limit (<10 CFU/g) [13, p. 5]. The thermal resistance of different
microbial groups varies greatly depending on their structure, composition and resistance mechanisms. A
striking example of such diversity is the difference in thermal resistance between vegetative cells and spores
of the same bacterial species. Ascospores are particularly heat-resistant, similar to bacterial spores [14, p.
818].

The effectiveness of extrusion is explained by the combined effect of temperature, which in this process
ranges between 150-180°C, and pressure of 50 atm. In addition, extrusion extends the shelf life of feed by
significantly reducing moisture content. The use of extruded by-products of grain and legume crops provides
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nutritional, economic and environmental benefits. Processing these wastes by extrusion improves their nutria-
tional properties, and heat treatment helps stabilize rancidity and provides microbiological control [15, p. 87].

The growing demand for natural feed additives in poultry farming is due to the ban on the use of
antibiotics as feed additives. Currently, the feed industry is focusing on new categories of additives called
phytogenic or phytobiotics, which are produced from extracts of herbs, aromatic plants and spices. The
successful use of phytogenic growth stimulants brings great benefits to the poultry industry by increasing feed
efficiency and improving health status [16, p. 7].

Analysis of the data suggests the need to study the effect of phytobiotics and extruded feeds in the quail
diet on bird health and productivity, as well as the quality and safety of quail farming products. In this study,
we present data on the effect of the developed Finish compound feed formulation on meat productivity and
nutritional value of quail meat.

In our study, the compound feed was enriched with the phytobiotic feed additive BioFeed-P, which
contains more than 250 biologically active components, including fatty acids, flavonoids, organic acids,
essential oils, vitamins A, C, P, microelements, amino acids and other biologically active compounds. The feed
additive has bactericidal, fungicidal, antiviral, anti-inflammatory, antiseptic, immunostimulating, detoxifying,
tonic, regenerative and analgesic properties [17, p. 3].

Purpose: to evaluate the effect of feeding Texas quails with extruded compound feeds enriched with
phytobiotics on their physiological parameters and meat productivity, as well as to determine the effectiveness
of these diets as an alternative feeding solution compared to traditional compound feeds.

Objectives:

- To determine the chemical composition and energy value of the compound feeds used.

- To establish the effect of extruded compound feeds with phytobiotics on the growth performance and
physiological condition of Texas quails.

- To evaluate the impact of the studied diets on the meat productivity of quails, including slaughter
indicators, chemical, and mineral composition of meat.

- To analyze the changes in biochemical blood parameters of quails when using extruded compound
feeds with phytobiotics compared to traditional diets.

Materials and methods. The experiments were carried out at a quail farm in Akmola region from June
to August 2024. The object of the study was Texas breed quails (meat direction) in the amount of 360 heads.
For the experiments, two groups were formed: control (CG) and experimental (EG).

Quails in the control group received the standard farm ration using commercial compound feed. Birds
in the experimental group received enriched extruded compound feed Finish, developed by NFT-KATU LLP
on the basis of S. Seifullin KATRU. The feed recipe was compiled based on the recommendations of Nutrient
Requirements of Ring-Necked Pheasants (1994) and the recommendations of the All-Russian Research and
Technological Institute of Poultry Farming (VNITIP). The composition included extruded corn, wheat, soybean
meal/cake, fish meal, tricalcium phosphate (TCP), feed yeast, ground shell and chalk, table salt, activated
carbon and phytobiotic feed additive BioFeed-P.

The chemical composition of the compound feed was analyzed using the NIRS DS2500 infrared
analyzer (FOSS Analytical A/S, Denmark).

Quail chicks were kept in cages equipped with drinkers, temperature and humidity sensors. The stocking
density was 118-119 heads/m? in accordance with the recommended standards for growing quails. Feeding
was carried out from 7 days of age until 63 days.

Weighing was carried out using standard zootechnical methods. Birds were weighed individually upon
arrival (160 heads), then every 7 days until the end of the experiment using electronic scales. During the trial,
both groups of birds were kept under identical conditions. Feed was distributed manually according to the
experimental scheme: in the first 2 weeks, chicks were fed 3 times a day, then 2 times a day. At 63 days of
age, the birds were sent for slaughter to study meat productivity and chemical composition of meat. The
morphological composition of internal organs and tissues was studied after slaughter by anatomical dissection
in accordance with standard recommendations. All parameters except live weight were determined during
anatomical dissection of carcasses, carried out in accordance with a single methodology developed by VNITIP,
as well as interstate GOST 18292-2012 “Agricultural poultry for slaughter. Technical conditions”, GOST 31962-
2013 “Chicken meat (carcasses and parts)” and GOST R 54673-2011 “Quail meat (carcasses). Technical
conditions”.

The chemical composition of quail muscle tissue was determined by standard methods: sampling was
carried out in accordance with GOST 9792-73, moisture content — according to GOST 9793-74, fat content —
according to GOST 23042-78, protein content — according to GOST 25011-81.

To assess the effect of the developed feed on metabolic processes in quail blood, the following
indicators were studied: total protein (TP), albumin and globulins, total bilirubin, urea, calcium, glucose,
amylase activity, alanine aminotransferase (ALT), aspartate aminotransferase (AST). Meat productivity was
determined by weekly individual weighing and after slaughter with the study of meat productivity indicators.

Blood analysis was performed on the SMT-120V veterinary biochemical analyzer (Chengdu Seamaty
Technology Co., China, Sichuan), which operates on the basis of absorption spectroscopy and transmission
turbidimetry. Blood samples were taken by decapitation using simple random sampling. Before blood sampling,
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the birds were on a 6-hour fasting diet. After slaughter of the birds, blood samples for biochemical analysis
were collected into 1.5 ml tubes with activator and gel, followed by centrifugation at 3000 rpm for 10 minutes
on a CM-6M centrifuge (Sia «Elmi», Latvia, Riga). Statistical analysis was performed using SPSS 25.0
application.

Results and discussion. Achieving high productivity and product quality is impossible without providing
birds with a complete and balanced diet, which should be formulated in accordance with the intended
production direction. The metabolizable exchange energy of the compound feed we developed was 3357
kcal/kg, which is considered a high level. For comparison, NRC recommends a diet with metabolizable energy
(ME) of 2900 kcal/kg for Japanese quails in the starting phase and laying phase.

To optimize feeding schemes, it is important to determine the energy value of feeds and also establish
the ideal energy consumption by the bird to ensure maximum economic return. The chemical composition of
the rations of the experimental groups is presented in Table 1.

Table 1 — Chemical composition of quail rations

Moisture, o Crude Crude Crude o o ME (poultry),
Group % DM, % | rotein, % | fat, % | fiber, % | ~SM 7 | Starch, % Kcal
CG 9,3 90,7 25,3 6,9 3,88 6,57 28,83 3309
EG 8,3 91,7 27,6 5,0 3,49 5,38 32,79 3357

As can be seen from Table 1, in the commercial feed used in CG, the level of metabolizable energy was
lower by 48 Kcal, but in both groups the indicator corresponds to a high level. According to the Guide to
Working with Meat Quails, metabolizable energy should be 3100 Kcal/1000 g, protein in the feed — 20%. Due
to the fact that the feed components are subjected to extrusion processing, its moisture content is reduced,
which allows extending the shelf life by reducing the risk of microorganisms and mold development. In the EG
compound feed, the moisture content was 8.3%, in CG — 9.3%, which also improves the properties of the
manufactured extruded compound feed and ensures longer storage.

An important indicator of the nutritional and energy value of feed is dry matter. The dry matter content
indicates the actual amount of various nutrients available to the bird consuming the feed. Dry matter contains
inorganic (crude ash) and organic components. The organic matter in the feed consists of crude protein, crude
fat and carbohydrates. The compound feed we developed contained 91.7% dry matter, while the CG feed
contained 90.7%. The percentage of protein in the EG feed was 27.6%, in CG — 25.3%, which indicates
sufficient protein supply to the bird's body and satisfaction of their needs. Fiber is digested in the bird's body
in the cecum, where microorganisms are located that secrete enzymes capable of breaking down 10 to 30%
of fiber. The crude fiber content should be at the level of 4.0-5.0%, in our case this indicator is slightly reduced
and is 3.49% in EG and 3.88% in CG. Carbohydrates are the main sources of energy for birds. The starch
percentage in the EG feed was slightly higher than in CG and was 32.79% and 28.83%, respectively. Ash
content is generally recognized as the most important indicator for assessing the mineral composition of a
product. The EG feed contained 5.38% ash, and CG — 6.57%.

The dynamics of quail growth from day 45 to day 63 using the Finish compound feed recipe is presented
in Table 2.

Table 2 — Fattening results using the Finish recipe

Average weight, g
Age, days
control group experimental group
45 280,1+3,96 278,5+3,6
56 324,1+5,02 319,0+4,27
63 325,6+5,14 338,1+4,48

At the beginning of the fattening period, quails in the experimental group had a weight difference of 1.6
g. By the middle of fattening, quails in EG weighed 5.1 g less than in CG. However, by the end of the
experiment, weight gain in CG stopped, with an increase of only 1.5 g per week, which indicates that the birds
reached the maximum weight gain potential based on the nutritional value of the provided feed. In contrast,
EG birds continued to gain weight, showing an increase of 19.1 g.

Values of absolute, average daily and relative weight gain during the fattening period are shown in
Figure 1.
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Figure 1 — Quail meat productivity indicators

When calculating the absolute gain, it was revealed that the difference between the groups was 15.1+8.6
g. The average daily gain in birds was 3.3+0.44 g in CG and 4.3+0.4 g in EG, which is 1 g more. The relative
gain, showing the growth intensity in EG, was higher by 5.6+3.33%.

Meat productivity was assessed based on the values of pre-slaughter live weight, semi-eviscerated and
eviscerated weight, slaughter yield and weight of internal organs. During veterinary and sanitary examination
of quail carcasses, no pathological changes or hemorrhages were observed. All carcasses were found to be

benign according to post-slaughter examination results. The results of meat productivity studies are presented
in Table 3.

Table 3 — Meat productivity indicators

. Group (n=50)
Indicator .
control experimental

Pre-slaughter weight, g 339+12,66 323+14,81
Weight of semi-eviscerated carcass, g 259+10,16 253+24,75
Weight of eviscerated carcass, g 225+12,50 200+20,70
Slaughter yield, % 66,3 61,9
Weight of internal organs:

Muscular stomach, g 3,39+0,40 3,41+0,52
Heart, g 2,34+0,07 2,27+0,15
Liver, g 4,68+1,16 6,12+1,05

As shown in Table 3, the highest slaughter characteristics were observed in the experimental group.
The data indicate that in the experimental group, where birds received feed according to the developed
formula, the pre-slaughter weight was higher with a difference of 4.95% or 16 g. The weight of the semi-
eviscerated carcass was also higher by 6 g in the experimental group. Eviscerated carcasses of the
experimental group exceeded the control group by 12.5%.

In addition, the slaughter yield (the percentage ratio of eviscerated carcass weight to pre-slaughter
weight) was higher in the experimental group (66.3%) compared to the control group (61.9%). This suggests
more efficient use of the bird's mass from the experimental group.

Thus, the use of the developed Finish compound feed formulation with phytobiotic enrichment can
contribute to an increase in pre-slaughter weight, carcass weight and slaughter yield in birds.

For scientific interpretation of the data regarding the influence of the compound feed formulation with
phytobiotic and extruded components in the quail diet, we analyzed changes in the weight of the stomach,
heart and liver between the experimental and control groups. In the experimental group, the average stomach
weight was 3.39+0.40 g, while in the control group it was 3.41+0.52 g. These results indicate the absence of
a significant difference in stomach weight between the experimental and control groups. In the experimental
group, the average heart weight was 2.27+0.15 g, compared to 2.34+0.07 g in the control group. The results
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show that the average heart weight in the experimental group was not significantly lower than in the control
group. In the experimental group, the average liver weight was 23.5% greater than in the control group. The
increase in liver weight in the experimental group quails, in our opinion, reflects the adaptive restructuring of
metabolism against the background of higher digestibility and bioavailability of nutrients in the extruded
compound feed, as well as enhancement of lipid and carbohydrate metabolism functions and bile formation
under the influence of phytobiotic.

In addition to meat productivity, the mineral composition of quail meat was also studied, which is shown
in Table 4.

Table 4 — Chemical composition of quail meat

Indicator Control group Experimental group
Physico-chemical indicators:
Protein mass fraction, % 21,4940,64 21,89+40,41
Fat mass fraction, % 3,13+1,49 3,16+1,21
Carbohydrate mass fraction, % not detected not detected
Ash mass fraction, % 1,29+0,02 1,28+0,02

Data from Table 4 demonstrate that the chemical composition of quail meat in both groups is
characterized by high protein content and low fat, which confirms its high nutritional value and dietary
properties. The protein content in the meat of quails of the experimental group was 1.8% higher than in the
control group. This indicates the positive effect of the diet used in the experiment, which leads to protein
accumulation in muscle tissue. The mass fraction of fat and ash were approximately at the same level, which
indicates the stability of these parameters, although the experimental group has some advantages.
Carbohydrates were not detected in the meat samples, which is typical for quail muscle tissue and further
emphasizes its high-protein and low-calorie nature.

The results of the study of the mineral composition of quail meat are presented in Figure 2.
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Figure 2 — Mineral composition of quail meat

Overall, the profile of macro- and microelements in the meat of birds of the control and experimental
groups is comparable, with a tendency towards higher average values in the experimental group for a number
of indicators.

The most pronounced differences were observed in potassium content: in CG — 223.3+3.35 mg/100 g,
in EG — 240.0+£0.86 mg/100 g, which corresponds to an increase in the average value by 16.7 mg/100 g.
Potassium is one of the key intracellular cations and reflects the features of electrolyte status and mineral
profile of muscle tissue. Phosphorus content was also slightly higher in the experimental group (178+1.71
mg/100 g) compared to the control (174.3+1.50 mg/100 g), however, the differences in magnitude are small.
Concentrations of calcium and magnesium in the experimental group exceeded the control values by 0.28 and
0.43 mg/100 g, respectively. These elements are involved in the formation of structural and functional
properties of muscle tissue and regulation of enzymatic processes, therefore the identified shifts may reflect
the peculiarities of mineral supply of the diet, including extruded components and phytobiotic, and differences
in the absorption of minerals when using different diets.
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Similarly, sodium content was slightly higher in the experimental group (42.82+0.26 mg/100 g) compared
to the control (42.34+0.48 mg/100 g), which corresponds to a small difference in magnitude (0.48 mg/100 g)
and likely reflects the variability of the indicator within the physiological range.

For iron, a slight increase in the average value was noted in the experimental group (2.14+0.09 mg/100
g) relative to the control (2.08+0.10 mg/100 g), while for copper and selenium the indicators between the
groups were practically indistinguishable (Cu: 0.18 mg/100 g; Se: 0.007 mg/100 g in both groups within
measurement errors). Chlorine was not detected in the studied samples, which indicates values below the
detection limit or complete absence.

Thus, the mineral composition of quail meat in the experimental group is characterized by a tendency
to increase potassium content, as well as a slight increase in calcium, magnesium and sodium while
maintaining comparable levels of iron, copper and selenium. The mineral profile of quail meat in EG was
generally comparable to CG, with a tendency toward higher mean values for several elements, most notably
potassium, and minor increases in calcium, magnesium, and sodium. These shifts may reflect differences in
dietary mineral supply and/or nutrient utilization associated with the tested feed formulation and processing,
while remaining within physiologically acceptable ranges. It is important that all data are within the regulated
range for these minerals, indicating a well-balanced diet.

The results obtained in assessing the effect of the developed compound feed on blood parameters of
quails are presented in Table 5. Overall, indicators of protein, carbohydrate and nitrogen metabolism, as well
as markers of liver functional state by transaminase activity in birds of both groups were in comparable ranges,
while differences in average values were noted for individual parameters.

No significant discrepancies were found in protein metabolism indicators presented in Table 6. For the
indicators where the average value in CG exceeded EG, the following was established: globulin content in CG
was higher by 25.7% (18.00+£21.35 versus 14.32+0.89 g/l), total bilirubin level — higher by 27.27% (3.50+0.99
versus 2.75+0.84 pmol/l, both values correspond to low levels and do not themselves indicate signs of
hyperbilirubinemia), glucose concentration — higher by 7.68% (16.68+0.80 versus 15.49+0.48 mmol/l, both
values are substantially higher than the thresholds characteristic of hypoglycemia), calcium content — higher
by 3.46% (2.39+0.09 versus 2.31+£0.11 mmol/l, which is consistent with the relative stability of calcium
homeostasis with adequate mineral intake), and urea — higher by 27.18% (2.48+0.72 versus 1.95+0.24
mmol/l).

Table 5 — Assessment of the effect of the developed feed on metabolic processes in quail blood

Indicator Control group Experimental group
Albumin, g/l 12,23+2,93 13,67+0,48
Total protein (TP), g/l 27,33+8,94 27,8+1,11
Globulin, g/l 18,0+£21,35 14,32+0,89
Total bilirubin, pmol/l 3,5+0,99 2,7510,84
AST, U/l 382+42,75 403+44,95
ALT, U/l 11,67+3,34 11,67+1,8
Glucose, mmol/l 16,6810,8 15,49+0,48
Calcium (Ca), mmol/l 2,39+0,09 2,31+£0,11
Urea, mmol/l | 2.48+0.72 | 1.9510.24 2,48+0,72 1,95+0,24

With comparable levels of total protein and albumin, the decrease in urea reflects the intensity of amino
acid utilization, but both values were within physiological limits. Both an increase and a decrease in blood urea
content can be fraught with consequences for the bird's body. Urea and creatinine are indicators of normal
kidney function, and their increase in serum indicates kidney dysfunction or protein overfeeding. A decrease
in plasma/serum urea levels occurs less frequently and usually has less clinical significance than an increase
in serum urea levels [18, p. 488].

ALT activity in both groups was the same — 11.67 U/l (CG: 11.67+£3.34; EG: 11.6711.8). The absence
of intergroup differences in ALT indicates the absence of pronounced shifts in this indicator against the
background of the use of the developed feed. AST activity was high in both groups; in the experimental group
the average value was higher by approximately 5.5%. Such a difference is moderate in nature and does not
in itself indicate a pathological process. In birds, AST is a less specific indicator, since it is present not only in
the liver, but also in muscle tissue, therefore an increase in AST may reflect both metabolic features and
intensive growth, as well as the influence of stress factors, for example, during blood sampling.

Taken together, the growth and slaughter indicators suggest that the developed EG diet provided
favorable nutritional conditions during the finishing period. The potential contribution of diet composition and
processing factors is considered further in the context of published evidence.
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In scientific discourse, the position is widespread that the use of natural feed additives as growth
stimulants in poultry diets has a positive effect on egg production, meat production, reproduction and health
and minimizes the use of antibiotics as growth stimulants [19, p. 170].

Corn, wheat and soybean meal are the main components of poultry diets, providing a significant share
of energy and protein. Traditional sources of fiber-rich by-products include wheat bran, sunflower meal,
cottonseed meal, oat bran, soybean meal and pea meal [20, p. 642].

M.T. Sisay et al. [21, p. 2651] reported that extruded wheat-based products are relatively low in protein
and high in gluten, and have a high glycemic index. Due to the high protein content in legumes, they are
considered crops that satisfy the need for plant protein in poultry diets [22, p. 33]. According to published data,
extrusion processing can improve hygienic quality of compound feeds by reducing microbial and fungal
contamination risks, which is an important technological factor when assessing feed safety. As stated by the
authors D.D. Loy and E.L. Landy, corn starch is almost 100% digestible, and its content can be increased by
grain processing [23]. M.M. Rakhman et al. found that groups of quails receiving specific combinations of olive
oil and lime juice showed improved intake and weight gain [24].

Overall, birds receiving the developed extruded Finish compound feed with BioFeed-P tended to show
higher growth intensity and improved slaughter-related outcomes compared with the control diet. At the same
time, the absence of pronounced intergroup differences in key biochemical blood parameters indicates that
the tested feeding strategy did not exert an adverse physiological load under the conditions of the experiment.

Thus, the stability of major metabolic indicators supports the physiological tolerability of the developed
diet during the finishing period. In combination with the productive performance data, these findings justify
further evaluation of extruded diets with phytobiotics in quail feeding programs, including studies with
expanded sample sizes and additional functional endpoints.

Conclusion. The developed us Finish compound feed formulation is characterized by high energy value
and lower moisture content, as it is produced through extrusion, which accordingly results in higher dry matter
content and increased protein level while maintaining other parameters comparable to commercial compound
feed. Overall, this indicates its potentially superior technological properties.

The conducted study demonstrated that the use of extruded compound feed Finish, enriched with the
phytobiotic additive BioFeed-P, in the diet of Texas quails ensures a more efficient realization of the birds’
productive potential compared to commercial compound feed. Increased growth intensity and improved meat
productivity indicators indicate better utilization of metabolizable energy and dietary nutrients, as well as
targeted muscle tissue development without negatively affecting meat quality characteristics. The chemical
composition of meat from the experimental group was characterized by higher protein content while
maintaining optimal levels of fat and minerals, confirming the improvement of the product’s nutritional value.

At the same time, the absence of clinically significant changes in blood biochemical parameters and
liver enzyme activity indicates the maintenance of physiological homeostasis and metabolic safety of the
developed compound feed. The obtained results allow the combination of extrusion processing of feed
components and phytobiotic additives to be considered a scientifically substantiated and sustainable
alternative to traditional compound feeds in meat quail production, meeting modern requirements for efficiency,
biosecurity, and reduced dependence on antibiotic growth stimulants.

Financing. Financial support for this project was provided by the Ministry of Science and Higher
Education of the Republic of Kazakhstan (project number — AP13068280 “Development of enriched feed using
highly nutritious, easily digestible and natural plant components to obtain high-quality and safe quail products”).
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Pecnybnuka Kazaxcmar.
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2. Kocmanal, Pecnybnuka Kazaxcmar.

B pe3synbmame u3ydYeHusl xapakmepa U Jlokanusayuu paHeHul Ha mesie OUKUX XXUBOMHbIX Mnpu
He3akoHHoU 00bbiye 8 CesepHoM KasaxcmaHe 6bifio ycmaHoereHo, Ymo Haubosiee 4acmo He3aKOHHOMY
omcmpery 8 CegepHom pezauoHe KazaxcmaHa nodeepaaemcsi cubupckas kocyns (48%), Ha emopom mecme
o Konuyecmay akcriepmu3 6biriu catiea (12%) u Oukul kabaH (11%). Omcmpen nucel (6%), u eonka (5%)
6bi1 3achukcuposaH mosbKo 8 nepsabie dea eo0a uccredogaHud.

MakcumanbHoe Konu4ecmeo y20s108HbIx des1 No cmambse 0 bpakoHbepcmee bbliio 3apea2ucmpupo8aHo
8 2021 200dy. Ux konudyecmeo k 2024 200y cokpamusiock Ha 74,2%.

Ha o0Ho 8obbimoe xusomHoe rpuxodumcs, 8 cpedHeM, 3 oeHecmperibHbIX paHeHus. [lpu amom,
Haubosbwee Kou4ecmaeo paH om obuwie2o Jucria 02HeCmpesibHbIX paHeHUl 0bHapyxeHo y kabaHoe (44,3%)
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BALJI Yu.A.
ZHANABAYEVA D .K.
LEI LUO

TEF3A AA*
XACAHOBA M.A.
ABNOYKOBAT.C.
OVAHOBA U. A.

CHEREDNICHENKO O.G.

PILYUGINA AL
AZIZBEKOVA D.E.*
NURALIYEV S.K.

PAOVALMANBIK NMACTAHYFA ¥LWbIPAFAH ANMAKTAPOA CUbIP
CYTIHIH CAMNACbBI MEH KAYIMCI3AINH BAFANAY

AINMATbI OBJ1bICHI MAHOMNOB  AYOAHBLIHOAFDBI CYT
OEPMACBLIHOA CUbIPITAPOA TWUHEKONOTUANBIK MATONOIMMA-
JIAPObIH TAPAJTYbI XXOHE EMAEY HOBAWNAPBIHLIH TUIMATIT]

«ASTANA» BETEPUHAPUANBIK-ANATHOCTUKAIBIK  OPTAJbI-
FbIHOA WTTEPAIH BEHEPUANBIK CAPKOMACHLI KESIHOET!
KIMMHUKATBIK-MOP®OJTOIMNANbIK ©3rEPICTEP

INNOVATIVE APPROACHES TO ENHANCING MEAT
PRODUCTIVITY IN QUAIL USING FINISH EXTRUDED COMPOUND
FEEDS SUPPLEMENTED WITH PHYTOBIOTICA

XAPAKTEP W NOKANM3ALMA PAHEHWA Y ONKUX XKMBOTHbIX
NPV BPAKOHLEPCTBE B CEBEPHOM KA3AXCTAHE

ASSESSMENT OF BASELINE CYTOGENETIC PARAMETERS IN
BLOOD ERYTHROCYTES AND BUCCAL EPITHELIAL CELLS OF
HEALTHY CATTLE AND SMALL RUMINANTS IN THE ALMATY
REGION

AYbI WAPYALbUIbIFbI FbITBIMAAPBI — CENIbCKOXO3AUCTBEHHBLIE HAYKU

ANTXKAHOBA U.H.*
HAVMAHOB [ K.
KAXKNAKBEAPOBA A.T.
ABEHOBA X.M.

ECEPKEHOB A K.
OMOOPEHKO C.B.
ABAEB C.C.

KYLWWAHOBA P.K.*

EPILI H.A*
MYXTAPOB H.C.
XAPJIbIFACOB X.B.
HYITMAHOB A.b.

EPFASMHA O.C.*
TbIHBICTNAEBA B.U.
XAMAJIOBA [1.b.
TOKYLIEBA A.C.

NCAEBA X.b.*

KAM3NHAT.O.*
3AKMEBA AA.
AHCABAEBA A.C.
YAJIIMEBA A.b.

KASAKTBIH ~ AKBAC  TY¥KbIM  KAWAPIAPbIH  ©CIPY

TEXHOJTOTMACBLIHbIH 300TEXHUKAIBIK BAFATAYbI

OVNHAMWKA 3ACOPEHHOCTW W LEWCTBME TEPBMLUMOOB B
ArPOLIEHO3E O3MMOIO PAMCA B AJIMATUHCKOW OBJIACTU

OLEHKA KAYECTBA 3EPHA TRITICUM AESTIVUM L. TPU
OBPABOTKE BNOJNTOMTMYECKMW MPEMNAPATAMA

NMPOOYKTMBHOCTbL JIbHA MACINYHOIO B TNMUTOMHUKE
KOHKYPCHOIO COPTOUCIbITAHNA

XKAMBINbIMALIK 3KOXYMENEPAOIH, OEMPAOALMACHI: OAKTOP-
JIAP, CAJNNIOAPINAP X8HE KAJIMbIHA KEJTTIPY CTPATEIMMANAPDI
(XXAMBbIT OBNbICbI MbICAJTbIHAA)

KAPTOMTbIH XS1, XS4, XS5 »XOHE IAlTA COPTTAPbIHbIH ABAN

OBJbICbIHbIH K¥PFAK TOMbIPAFbIHAA OHTIWTIK
KOPCETKIWTEPIH CAJIbICTbIPMATbI BAFAJTAY
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E-mail: 3i_kru@mail.ru

Onnarta cTtaTen Takke ocyLlecTBNseTcs Yepes npunoxeHune Kaspi.kz.
Bbl omkHbI BbIOpaTh nNnaTtexu, 3atem BblOpaTb kaTteroputo obpasoBaHMsA U BBECTM Ha3BaHue yHuBepcuTeTa. [lanee B
ctpoke ®AKYJIbTET Heobxoammo 3anonHuWTb «omnraTa 3a cTaTtbio B XxypHane «3i»; B ctpoke KYPC ykasaTb Homep
XypHana, B KOTopom 6yaeT onybnmkoBaHa ctatbs (Hanpumep, «1 2026»); B ctpoke UMA CTYEHTA ykasatb MMsa aBTopa
(aBTOpoB); B cTpoke ID CTYOEHTA pomkeH GbiTb yka3aH ID nnatenbwmka (MMa gepxaTtensi KapTbl, Yepe3 KOTOpylo
npowunssoautcs onnata); B ctpoke IMA MITATEJIbLUMKA gomkHo 6bITb Yka3aHo MMs aepxxaTens kapTbl, Yepes KOTOpyHo
nNpomn3BoANTCA NnaTex.
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