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POTENTIAL OF CHICKEN PROCESSING BY-PRODUCTS IN COLLAGEN PROTEIN
HYDROLYSATE PRODUCTION BASED ON DISTAL LIMBS AND STOMACHS
T. Tultabayeva , K.Makangali, G. Tokysheva, A. Shoman, D. Aiken
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Corresponding-author: tultabayeva@inbox.ru

This study investigates the feasibility of producing collagen protein hydrolysates from chicken processing
by-products, specifically distal limbs and stomachs, which are often treated as waste in the poultry industry.
With the increasing demand for sustainable and functional ingredients, these by-products offer a valuable
source of bioactive proteins, including collagen, that can be transformed into protein hydrolysates for use
in the food industry. The research evaluates key physical and chemical properties, including water-binding
capacity, shear stress, viscosity, and protein digestibility, to determine the suitability of distal limbs and
stomachs for hydrolysate production. Using structural analysis, we measured the mechanical resistance
and structural stability of these by-products, with findings showing that distal limbs have a high collagen
content (11.3%) and excellent water retention, while stomachs exhibit lower fat content (2.1%) and high
protein concentration (21.4%), making both suitable for hydrolysis. Viscosity and shear stress tests further
support the use of these materials, indicating stability and strong structural integrity under processing
conditions. Additionally, protein digestibility studies suggest that collagen hydrolysates from these sources
may have enhanced bioavailability. The results suggest that utilizing distal limbs and stomachs for collagen
hydrolysate production is a viable approach to create functional, high-protein food ingredients while also
addressing sustainability by reducing waste. By transforming these by-products, the poultry industry can
contribute to circular economy practices, enhance resource efficiency, and promote eco-friendly food
production. This research underscores the potential for incorporating collagen protein hydrolysates from
poultry by-products into various food applications, presenting both economic and environmental benefits.

Keywords: poultry by-products, sustainable food production, collagen protein hydrolysates, chicken
stomachs, physicochemical properties.

IOTEHIIMAJI IOBOYHBIX ITPOAYKTOB INEPEPABOTKM IITUILIBI 1151 IPOU3BO/ICTBA
BEJIKOBBIX KOJIJIATEHOBBIX THJIPOJIN3ATOB HA OCHOBE JIUCTAJIBHBIX
KOHEYHOCTEMN " KEJIVIKOB
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Acrana, KazaxcraHg,
e-mail: tultabayeva@inbox.ru

B JaHHOM HCCJICJOBAHUHN U3YYACTCA BO3MOKHOCTH IIPOU3BOACTBA KOJUIAICHOBBIX OEJIKOBBIX T UAPOJIN-
3aTOB U3 MOOOYHBIX IMPOAYKTOB nepepa60TK1/1 Kypulibl, B YaCTHOCTU U3 NUCTAJIbHbIX KOHEYHOCTEN U Xe-
JIyJJTKOB, KOTOPbIE YaCTO PAacCMaTPUBAIOTCS KaK OTXOJbl B MTHULIEBOAUYECKOU oTpaciu. C pocTom crpoca
Ha yCTOWYMBHIC W (DYHKIIMOHAJbHBIC MHI'PEAUEHTHl 9TH MOOOYHbBIe TTPOIYKTHI MIPEACTABIISIOT COOON TIeH-
HBII MCTOYHUK OMOAKTHUBHBIX 66J'IKOB, BKJIIO4Yas KOJUIAr€H, KOTOPBIC MOI'YT OBITh MpeBpalcHbl B OEJIKO-
BBbIC TUAPOJIN3AThI AJIA UCTIOJIb30BAHUA B HHIHGBOﬁ MMPOMBIINIJICHHOCTH. B pa60Te OLICHUBAIOTCA KIIIOYEBBIC
(I)I/I3I/II(O- XUMUUYECKHUE CBOﬁCTBa, TaKHE KaK BJIAIrOCBA3bIBAIOIIAA CHOCO6HOCTB, HaIllpAKEHUE CABUTA, BA3-
KOCTb U YCBOSIEMOCTh OEJIKOB, YTOOBI OMPE/ICTIUTh TPUTOTHOCTD IUCTATBHBIX KOHEUHOCTEH U JKeTYAKOB TSI
MMPOU3BOACTBA I'MAPOJIN3AaTOB.

C ucronb30BaHUEM CTPYKTYPHOTO aHaIM3a ObLIM MPOBEICHBI U3MEPEHHS] MEXaHUYECKON TIPOYHOCTH U
CTPYKTYPHOM CTAaOMJIBHOCTH MOOOYHBIX MPOAYKTOB. Pe3ysbTaTel MOKa3aM, YTO IUCTaIbHbIE KOHEUHOCTH
00J1a/1a10T BBICOKUM cojiepxkaHueM koutaresa (11,3%) u oTimuHO#M ciocoOHOCTBIO yepKUBATh BAry, B TO
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BpeMsI KaK KeTyJIKH UMEI0T HU3Koe cofiepkanue xkupa (2,1%) u BHICOKYI0 KOHLIeHTparmio Oenka (21,4%),
YTO es1aeT 00a MaTepuaia MoXOIAIMMHI JIJIs TUIpon3a. VicnbTaHus Ha BA3KOCTh M HAMPsDKEHUE CIIBUTA
JOTIOJTHUTEJIBHO MOATBEPAMIIN CTAOMIIBHOCTb M BBICOKYIO CTPYKTYPHYIO LIEJIOCTHOCTh 3TUX MaTepHajioB B
ycloBUsIX 00padboTku. Bosee Toro, ucciegoBaHus yCBOSIEMOCTH OeJika IMOKa3av, YTO KOJIIareHOBBIE TH/I-
POM3AThI U3 ITUX UCTOUHUKOB MOTYT 00JIa1aTh YIyUIIEHHON OUOJ0CTYMHOCTHIO. [ToTyueHHbIe pe3ybTaThl
CBHUJIETEJIbCTBYIOT O TOM, YTO UCHOJIb30BaHHE JAUCTATIBHBIX KOHEUHOCTEH M XKETYJIKOB ISl IPOU3BOACTBA
KOJIJTAT@HOBBIX THJIPOJIU3ATOB SIBJISIETCS] TIEPCIIEKTUBHBIM MOIXOJIOM JIsI CO3/IaHUs (DYHKITMOHAJIbHBIX, BbI-
COKOOEJIKOBBIX TTHUINEBHIX MHIPEJAUCHTOB, a TaKXkKe CIIOCOOCTBYET YCTOMUYMBOMY Pa3BUTHIO 33 CUET COKpa-
IeHus1 0TX0JI0B. [IpeoOpasys 3Ti MoOOYHBIE MTPOAYKTHI, NTUIICBOYECKAsT OTPACTh MOXKET BHECTU BKJIA]
B NIPAKTUKU IUPKYJISIPHONH SKOHOMHUKH, MOBBICUTH 3(P(DEKTUBHOCTH UCTIONB30BAHUS PECYPCOB U TOAIED-
’KaTh SKOJIOTUYECKU YHCTOE MPOU3BOACTBO. JlaHHOE McciefoBaHie IOAUYEPKUBAET MOTEHIIMAT BKIIIOUSHUST
KOJIJTAT@HOBBIX OEJIKOBBIX TMPOJIM3aTOB M3 MOOOYHBIX MPOAYKTOB MTUIIEBOACTBA B PA3JIMYHBIC MUIIIEBbIE
MPOJYKTHI, TIpejjiarasi Kak 9JKOHOMUYECKHE, TaK 1 SKOJIOTUIECKHE ITPEUMYIIeCTBa.

KuiroueBrble ciioBa: moO0YHbBIE TIPOAYKTH NTUIIEBOJICTBA, YCTOMUMBOE MTPOM3BOCTBO MPOAYKTOB MTUTA-
HUS$1, KOJUIAareHOBbIE OEJIKOBBIE THIPOIU3aThl, KYPUHBIE KeJyAKHU, (PU3UKO- XUMUYECKHE CBOWCTBA.

K¥C OHJIEY KAJIIBIKTAPBIHBIH JIUCTAJIB/IBI AAKTAP MEH ACKA3AH/IAP HET'T3IH/IE
KOJIJIATEHAI AKYbBI3 T'NIPOJIN3ATBIH OH/IIPY AEI'T OJIEVETI
T.U. Tyara6aeBa , K.K. Makanrauu, I'.'M. Tokbimesa, A.E. Illoman, /I.LK. Aiiken
«C.CeitdpymnmnHa ateiHIarsl Kazak arpotexHUKalbIK 3epTTey yHuBepcuteti» KeAK, Acrana K.,
Kazakcran Pecry6sinkacsl,
e-mail: tultabayeva@inbox.ru

Byn 3eprrey Tayblk eHAey KalJbIKTapblHaH, aTal alTKaHIA JUCTAIbIbl asKTap MEH acKa3aHAapAaH,
KOJITareH Il aKybl3 TUAPOJIU3ATTAPBIH OHIIPYy MYMKIHIIITIH 3epTTei i, ce6edi oylap KyC IapyaniblIbFbIH/IA
KU1 KaJIBIK peTiHae KapacToipbliagpl. TypakThl koHe (PyHKIMOHAIAb MHTPEAUEHTTEPre JIeTe€H CYpaHbl-
CTBIH apTybIHa OAIAHBICTBI, OYJI KAIABIKTAP OUOJIOTUSIIBIK, OeJICEH T aKybI3Iap/IbIH, COHBIH illliHJIE KOJI-
JIATeHHIH, KYH/IB K631 O0JIbI TaObLIa bl JKOHE OJlapAbl TaFaM eHEpKaCciOiHIe KOJJaHyFa apHaJFaH aKkybl3
TUAPOJIM3aTTapblHA aHATABIPYFa 00Jaabl. 3epTTey 'MAPOIM3aT OHAIpiCiHE KapaMIbUIbIFbIH aHBIKTAY YIIIH
Cy ycTay KaOisieTi, Kecy KepHeyi, TYTKBIPJIBIK KOHE aKYBI3IbIH CIHIM/ILTIT CHSIKTHI HET13T1 (DU3UKAIIBIK, KOHE
XUMUSUTBIK, KACUETTepiH Oaranaiabl. KyphUTBIMABIK TaJIAay apKbUTbI 013 OYJT KQJTIBIKTaPIbIH MEXaHUKAIIBIK,
OEpIKTIri MeH KYPbUIBIMIBIK TYPAKTBUIBIFBIH OJIIEIK; HOTHXKENIEP KOPCETKEH/IEH, AUCTANIBIB asKTapaa
KoJTareHHiH sxorapbl Mesepi (11,3%) xoHe cyabl kKakchl ycTail aimy Kadiseti Oap, a ackazaHAap/IblH
Maibl a3 (2,1%) xoHe aKybl3 KOHIIEHTpauusichl korapbl (21,4%), Oy ekeyiH e TUAPOIU3re KOJAilibl
eteni. TYTKBIPIIBIK TeH Kecy KepHeyiHe jKacalFaH ChIHAKTap OyJ1 MaTepHrasapIblH OHJIeY KaFIaiiapbiH-
Ja TYPaKThUIbFbIH jKOHE KYPBUIBIMIBIK TYTACTBIFBIH pacTaiipl. KockiMIla akybl3 CIHIMALIITIHE KacaafaH
3epTTeyJiep OCHhl KO3/IepJeH aJIbIHFaH KOJITareH THIpOIN3aTTAPbIHBIH OUOKETIMIUTITIHIH KOFaphl 00JIaThI-
HBIH KepceTeli. HoTmxkenep OOWMBIHINA JUCTAbAbI asiKTap MEH acKa3aHAap.bl KOJUIareH T'MApOJIM3aThIH
OHJIpye MaifanaHy KaJObIKTapIbl a3aiiTa OTHIPHIN, (DYHKIIMOHAABI, aKybI3Fa Oall TaFamJIbIK, MHIPEIU-
EHTTED kacay YIIiH TAIM/AL TICiT 60 TaObUTaabl. By KaIBIKTap/abl OH/IeY ApKBUIBI KYC IapyaIblTbIFbI
afiHaJIMaJIbl SKOHOMUKaFa YJIec KOChII, pecypcTapAbl THIM/I NMaiiaiaHbll, SKOJOTUSUIBIK, Ta3a TaraM ©H-
AipiciH Kongai anansl. By 3epTTey KycC mapyanbUTbiFbIHAAFbl KATIBIKTAPJAH aJIbIHFAH KOJUIAreH rujapo-
JIM3ATTAPbIH OPTYPJI TaramM KoJlaHOAapbhlHA €HTI3y QJIEYeTiH KOpCceTeli KoHe OHbIH SKOHOMUKAJIBIK 9pi
SKOJIOTUSUIBIK, TAMJACHIH aTal KepceTel.

Tyifiin ce3aep: Kyc eHey KaIIbIKTapbl, TYPAKThl a3bIK-TYJIK OHAIPICl, KOJUTareH i aKybl3 THIPOIU-
3aTTapbl, TAybIK acCKa3aHIapbl, (PU3UKA-XUMUSLIIBIK, KACUETTED.
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Introduction. Poultry farms play an essential
role in modern agriculture, providing the population
with vital food products, such as meat and
eggs. These products are highly valued for their
nutritional content, accessibility, and versatile
culinary applications [1]. Poultry farms are capable
of producing high-quality products with relatively
minimal labor and resource inputs compared to
other livestock sectors [2]. Poultry production is
instrumental in ensuring food security, representing
the fastest-growing segment of animal husbandry
in many countries [3], with egg and poultry meat
production meeting the needs of both rural and
urban populations [4]. The production of eggs and
poultry meat contributes to economic growth by
generating employment opportunities across large
enterprises and small to medium-sized farms [5]
and supports smallholder operations that supply
local communities with food [6]. In developed
countries, poultry farming is leveraged to address
national food security objectives by increasing the
supply of valuable food resources like meat and
eggs [7]. Beyond food provision, poultry farming is
a critical tool in combating poverty and improving
living standards in rural areas. In developing
countries, poultry serves as an essential asset
for impoverished households, providing income
and food security [8]. Poultry production also
promotes sustainable agricultural development by
enabling efficient resource use and enhancing food
security [9]. With the rising demand for poultry
products, such as meat and eggs, many countries,
including those still developing, face challenges in
securing adequate resources for the sector [10].
Issues include environmental pollution due to
waste and the consumption of natural resources
for poultry feed [11]. However, in response to
these challenges, many nations are working to
develop more sustainable farming practices aimed at
reducing environmental impacts [12]. Thus, poultry
farms have a significant impact on food provision,
economic development, and the improvement of
living standards through job creation and enhanced
food security.

In Kazakhstan, the poultry sector occupies a
central position within animal husbandry, playing

a crucial role in providing the population with
socially significant food products, including poultry
meat and eggs. Currently, the country has 69
poultry farms, comprising 34 for egg production,
29 for meat production, and 6 breeding farms.
Additionally, Kazakhstan is expanding the capacity
of four poultry farms to produce an additional
200,000 tons of poultry meat per year, which will
satisfy domestic poultry meat demand and support
export potential, as reported by the Prime Minister’
s press service [13]. Specifically, the following
farms will be funded: Canadian Chicken Limited
in Akmola Region with an annual output of 12,500
tons, Alel Agro in Zhambyl Region with 25,000
tons, Prima Kus in Almaty Region with 35,000 tons,
and Aitas KZ in Almaty Region with 120,000 tons.
The projects will be financed by the Development
Bank of Kazakhstan and implemented between
2025 and 2026. This indicates a sustained increase
in production and processing costs, underscoring
the need for process optimization and efficiency
improvements in the poultry sector, along with
exploring innovative ways to reduce production
costs, including through secondary raw material
utilization.

The objective of this study is to examine the
secondary raw materials from poultry processing to
justify their application in the production of protein
hydrolysates.

Materials and methods. The subjects of
this study encompassed chicken distal limbs and
stomachs. Shear stress and viscosity of the meat
raw material were meticulously assessed using the
Structurometer ST2 (Lab Quality LLC, Russia)
to analyze the mechanical properties of sausage
products, such as shear resistance and viscosity.

Shear force measurements were conducted with
the Structurometer ST2, which recorded force
values F upon application to the sausage sample.
Cross-sectional area A was quantified by measuring
the blade-sample contact surface.

Shear rate <y was derived from sample
characteristics and experimental conditions,
with structurometer-generated data employed to
calculate viscosity, providing insights into the raw
material’s resistance to deformation under shear
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load.

Water activity in the sausage products was
evaluated using the Aqualab 4TE device (METER
Group, USA), while chemical composition of the
meat materials was precisely determined using
the TANGO R spectrometer (Bruker, Germany),
equipped with a pre-loaded calibration model to
ensure accurate compositional analysis.

strength (H)

Results and discussion. The experiments
were conducted using the Structurometer ST2
(manufactured by Labreactive, Russia), with all
measurements performed in six replicates. To
determine shear stress, the force and deformation

of the meat samples were evaluated (Figures 1 and
2).

deformation (ymm)

Figure 1 - Shear Force of Chicken Distal Limbs

At the initial stage (1-2 mm), the shear force
gradually increases, starting from approximately
16 N. Between 3-5 mm of deformation, a more
substantial increase in shear force is observed,

16.0

" 145t

1401

reaching 20 N. The maximum shear force (21 N) is
recorded at around 6 mm of deformation. Following
this, at 7 mm of deformation, the shear force slightly
decreases to just above 20 N.

Figure 2 - Shear Force of Chicken Stomachs
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At the initial stage (1-2 mm), the shear force
of chicken stomachs starts at around 13.5 N
and gradually increases. From 3 to 5 mm, a
linear increase in shear force is observed, reaching
approximately 15.5 N. The maximum shear force is
recorded at 6 mm of deformation, measuring around

1301

120

16 N. Beyond this point, at 7 mm of deformation, the
shear force decreases to 15 N.

Based on the obtained data on shear force,
deformation, and shear rate, the shear stress and
viscosity of the meat raw material were determined
(Figure 3).
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Figure 3 -Shear Stress and Viscosity of Meat Raw Material

The shear stress for chicken distal limbs reaches
approximately 110 Pa, indicating high mechanical
strength and structural stability of this raw material.
The shear stress for chicken stomachs is somewhat
lower, around 90 Pa, which also reflects robust
structures suitable for further processing. The
viscosity of chicken distal limbs is approximately
220 Pa-s, indicating a high capacity for retaining
moisture and fats, an essential characteristic for
hydrolysate production. The viscosity of chicken
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stomachs is lower, around 180 Pa-s, which is also an
acceptable value for collagen extraction processes.

The study of water-binding capacity (WBC) of
chicken limbs and stomachs further allows for an
assessment of their potential as collagen sources.
Collagen-rich limbs and stomachs demonstrate a
high capacity to retain water, which can significantly
enhance the texture and stability of hydrolysates

(fig.4).

chicken distal limbs

-#— chicken stomachs

1.0 15 2.0 25

3.0 35 4.0 2.5 5.0
days

Figure 4 — Changes in Water-Binding Capacity (WBC) of Meat Raw Material Over 5 Days
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The water-binding capacity (WBC) of chicken
distal limbs (yellow line) starts at around 85% on
the first day and gradually decreases to 80% by
the fifth day, indicating relatively high moisture
retention stability over the study period. The WBC
of chicken stomachs (orange line) is initially lower,

about 75% on the first day, and continues to decrease
to approximately 65% by the fifth day.

For successful collagen hydrolysate production,
the initial physicochemical properties of the raw
material, such as moisture content, water activity,
and pH, play a crucial role (Table 1).

Table 1 — Physicochemical Properties of Meat Raw Material

Indicators Storage, days | Chicken Distal Limbs

1 days 65,42 + 0,06
) 3 days 59,1 £0,11
Moisture, % 6 days 57,6+ 0,12
9 days 57,2+0,12
1 days 6,17 £0,12
. . 3 days 6,19 £ 0,09
Active Acidity, pH 6 days 6.25 + 0,05
9 days 6,24 £ 0,06

1 days 0,825+ 0,003

.. 3 days 0,827+ 0,002

Water Activity aw, c.u. 6 days 0.824% 0,000

9 days 0,819+ 0,002

Chicken distal limbs and stomachs exhibit similar
moisture values at each stage of storage. On the
first day, the moisture content of chicken limbs
1s 65.42%, while that of chicken stomachs is
67.34%. By the sixth day, these values decrease to
57.6% and 59.3%, respectively. Despite the overall
reduction in moisture, both types of raw materials
maintain sufficiently high levels, which is crucial
for hydrolysis, as hydrolysates require a certain
moisture level for effective protein extraction.
The slightly higher moisture content in chicken
stomachs potentially makes them more efficient
for hydrolysate production, particularly in scenarios

where maximum moisture retention is essential.

A detailed analysis of the chemical composition
is crucial to assess the suitability of various raw
materials for collagen hydrolysate production. The
chemical composition determines key parameters
such as protein, collagen, fat, and moisture content,
which directly affect the hydrolysis efficiency and
the quality of the final product. Let us consider
the chemical composition of chicken distal limbs
and stomachs to evaluate their potential for further
processing and use in protein hydrolysate production
(Table 2).

Table 2 — Chemical Composition of Meat Raw Material

Indicators | Chicken Distal Limbs, % | Chicken Stomachs, %
Fat 14,6 2,1

Protein 21,1 21,4

Moisture | 2,3 2,9

Collagen | 11,3 7,5

BEFFE 17,9 14,7
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Chicken distal limbs contain 14.6% fat, which
is significantly higher than the 2.1% fat content
found in chicken stomachs. The high fat content
in distal limbs may require additional processing
for fat removal prior to hydrolysis; however, the
extracted fat can also be utilized in other production
processes, such as the development of bioactive
components. Stomachs, with their lower fat content,
require less intensive preparation, simplifying the
hydrolysis process.

Conclusion. The results of the study confirm the
high suitability of chicken distal limbs and stomachs
for processing into collagen protein hydrolysates.
The chemical composition of

these raw materials highlights key components
that make them promising for applications across
various industries. Specifically, chicken distal
limbs contain 11.3% collagen, significantly higher
than the 7.5% in chicken stomachs, indicating

their substantial value for collagen-containing
products. Additionally, distal limbs exhibit a
higher BEFFE (17.9% versus 14.7% in stomachs),
suggesting better protein extractability, which
is beneficial for hydrolysis processes. Chicken
stomachs, despite having a lower collagen content,
offer notable advantages, such as low fat content
(2.1% compared to 14.6% in limbs) and high
protein concentration (21.4%), making them ideal
for processes that require minimal fat. This
simplifies the pre-treatment of raw materials
before hydrolysis, allowing efficient use in protein
product manufacturing. Thus, processing chicken
distal limbs and stomachs for collagen hydrolysate
production represents an economically viable and
environmentally sustainable approach to utilizing
poultry slaughter by- products.

Financing. This research is funded by the Ministry
of Agriculture of the Republic of Kazakhstan
(BR24892775)
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