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COMPARATIVE ANALYSIS OF STRUCTURAL-MECHANICAL
AND FUNCTIONAL-TECHNOLOGICAL PROPERTIES OF
ORGANIC AND NON-ORGANIC BEEF FOR SAUSAGE
PRODUCTION

Abstract. This study aims to compare the structural-mechanical and functional-
technological properties of organic and non-organic beef, focusing on parameters such as
shear stress and viscosity, to determine their suitability for sausage production. Using a
Structurometer ST2, we measured the shear stress and viscosity of longissimus dorsi
muscle samples from both organic and non-organic beef. Additionally, the water holding
capacity (WHC) was assessed using the Grau-Hamm method, and pH changes were
monitored over five days. Our results revealed that organic beef exhibited significantly
higher shear stress (90.32 to 121.30 Pa) and viscosity (180.64 to 242.6 Pa‘s) compared to
non-organic beef (shear stress: 88.24 Pa, viscosity: 176.48 Pa-s). These differences indicate
that organic beef has greater toughness, density, and better emulsion properties,
contributing to enhanced texture and juiciness in sausage products. Furthermore, organic
beef showed a higher WHC of 75% compared to 60% for non-organic beef, along with a
stable pH range of 5.6-5.7, which is crucial for maintaining meat quality during storage and
processing. The findings suggest that organic beef, due to its superior mechanical properties
and moisture retention capabilities, is more suitable for producing high-quality sausage
products.
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Introduction. To achieve high-quality finished products, it is essential to
consider the structural-mechanical and functional-technological properties of meat
raw materials. In a study conducted by Poleti et al., the biological mechanisms
associated with intramuscular fat deposition in the longissimus dorsi muscle were
investigated, significantly influencing parameters such as meat juiciness and
tenderness [1]. Hughes et al. examined the effect of pH on muscle structural
changes and light scattering properties, demonstrating that darker muscles have a
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higher final pH, affecting overall brightness and fiber width [2]. Research by Ba
and colleagues showed that the level of marbling and aging during cooling
significantly impact the technological and sensory characteristics of beef, including
shear stress and taste [3]. The study of the structural-mechanical properties of the
longissimus dorsi muscles reveals significant differences between organic and non-
organic beef, which is a crucial factor in ensuring the high quality of finished
products.

To investigate the structural-mechanical properties, the shear stress and
viscosity of organic and non-organic beef were determined. Determining the shear
stress and viscosity of meat raw materials is critically important to ensure the
quality and stability of finished sausage products. These parameters directly affect
texture, juiciness, and water retention, ultimately influencing the consumer
characteristics of the product.

Shear stress is an indicator of the mechanical strength of meat, helping to
determine its tenderness and texture. The viscosity of meat raw materials affects
their ability to retain water and fats and the stability of emulsions during sausage
production. High viscosity promotes better moisture and fat retention, improving
the texture and juiciness of the finished product. Studies have shown that different
types of meat have varying viscosity levels, which is important to consider when
selecting raw materials for sausages [2]. Emulsion stability is a critical aspect of
sausage production. It depends on the viscosity and the meat's ability to retain
water and fats. Research indicates that using functional additives, such as
hydrocolloids, can improve viscosity and emulsion stability, thereby enhancing
sausage product quality [4]. Determining the shear stress and viscosity of meat raw
materials plays a key role in ensuring the quality and stability of finished sausage
products. These parameters influence texture, juiciness, and water retention
capacity, making them essential for the selection and processing of meat raw
materials in production.

Materials and methods. The objects of the research are samples of organic
and non-organic beef taken from the longissimus dorsi muscles. The beef samples
were obtained from certified organic and conventional farms, ensuring compliance
with production and storage standards.

Determination of Shear Stress. To measure the shear stress of the meat
samples, a Structurometer ST2 (Labreaktiv, Russia) was used. Meat samples
measuring 1x1x3 cm were prepared and placed in the device chamber.
Measurements were taken at a constant shear rate of 2 mm/s. The shear stress
readings were recorded and analyzed to identify differences between organic and
non-organic beef. This method allows for the assessment of the mechanical
strength of the meat, which is crucial for determining its tenderness and texture.

Determination of Viscosity. The viscosity of the meat raw materials was also
measured using the Structurometer ST2 (Labreaktiv, Russia). The meat samples
were ground to a paste-like consistency and placed in the cylindrical chamber of
the device. Measurements were taken at a constant spindle rotation speed,
providing the viscosity values of the samples. High viscosity indicates a better
ability of the meat to retain water and fats, which is important for sausage
production.

Determination of Water Holding Capacity by the Grau-Hamm Method. The
water holding capacity of the meat raw materials was assessed using the Grau-
Hamm method. Meat samples weighing 5 g were placed between two layers of
filter paper and subjected to pressure for 10 minutes at 25°C. The diameter of the
moisture spot formed on the filter paper was then measured. The smaller the
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diameter of the spot, the higher the water holding capacity of the meat. This
method evaluates the ability of meat raw materials to retain moisture, which is a
crucial parameter for the texture and juiciness of finished products.

All measurements were performed in triplicate to ensure the reliability of the
results. Statistical data analysis included the use of analysis of variance (ANOVA)
methods to identify significant differences between organic and non-organic beef.

Research results. An experiment was conducted to measure the shear force
values for both organic and non-organic beef (Fig. 1, 2). The results indicated that
organic beef exhibited higher shear force, shear stress, and viscosity values
compared to non-organic beef.
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Fig. 1. The cutting power of organic beef
This finding suggests that organic beef has superior mechanical properties,

potentially leading to better texture, juiciness, and overall quality in the final meat
products.
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Fig. 2. The strength of the cut of inorganic beef

The higher shear force and stress values imply that organic beef is tougher
and more resilient, while the increased viscosity indicates a greater ability to retain
moisture and fats, which is crucial for the production of high-quality sausage
products.

Based on the obtained data on shear force, deformation, and shear rate, the
shear stress and viscosity of the meat raw materials were determined. The study
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revealed significant differences in the mechanical properties of organic and non-
organic beef (Fig. 3).
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Fig. 3. Shear stress and viscosity of meat raw materials

The study revealed significant differences in the mechanical properties of
organic and non-organic beef. Samples from the longissimus dorsi muscle of
organic beef exhibited higher shear stress values ranging from 90.32 to 121.30 Pa
and viscosity values from 180.64 to 242.6 Pa‘s compared to non-organic beef,
which had a shear stress of 88.24 Pa and viscosity of 176.48 Pas.

Organic beef demonstrated higher shear stress and viscosity values,
indicating greater toughness and density compared to non-organic beef. These
differences are important to consider in the production of finished meat products,
as they can affect the texture and quality of the final product (Fig. 4).

The differences in texture are undoubtedly related to the conditions of
raising, feeding, and processing the animals. Organic beef was subject to more
natural and less intensive methods of raising and feeding, which affected the
structure of muscle fibers and connective tissue.

Inorganic Beef

Organic Beef
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Fig. 4. Comparative analysis of the structural and mechanical properties of meat
raw materials

Higher shear stress and viscosity of organic beef indicate its greater
toughness and density. This means that sausage products made from organic beef
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will have a more stable texture, which is particularly important for maintaining the
shape and structure of the product during storage and transportation [5].

The high viscosity values of organic beef contribute to better water and fat
retention, improving the emulsion properties of the mince. This results in a more
stable sausage consistency, reducing the likelihood of separation and syneresis,
ultimately enhancing the quality stability of the product throughout its shelf life
[6]. Additionally, the greater density and toughness of organic beef can enhance the
organoleptic properties of sausage products, such as juiciness and texture, making
them more appealing to consumers. This can contribute to increased consumer
demand and loyalty to the product.

To study the functional-technological properties of the meat, water holding
capacity (WHC) was determined using the Grau-Hamm method, along with pH
changes over 5 days. The water holding capacity (WHC) of meat determines its
visual appeal, weight loss, technological yield, and sensory characteristics upon
consumption. Various factors such as animal age, pre-slaughter stress, and storage
temperature can significantly influence meat WHC [7]. The high water holding
capacity of organic beef may be associated with more favorable raising conditions
and less stress for the animals before slaughter [8].

The water holding capacity of meat is a critically important quality indicator
as it affects water retention during storage and cooking, as well as the final
organoleptic properties of meat products (Fig. 5). The pH level of the meat is also
important for ensuring the stability of its quality and texture.
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Fig. 5. Change in the BCC of meat raw materials for 5 days

The study showed that organic beef has a higher moisture binding capacity
of 75% compared to non-organic beef of 60%, which indicates its better ability to
retain water during storage and cooking.

The pH level of organic beef is stable in the range of 5.6-5.7 for 5 days,
which contributes to better meat quality and texture, whereas the pH of inorganic
beef, in the range of 5.7-5.8, is less stable and can negatively affect moisture
retention. The data obtained are consistent with the results of the study of structural
and mechanical properties. Thus, organic beef, having a higher shear stress,
demonstrates a better moisture binding ability, which makes it the preferred choice
for consumers looking for high-quality and natural products.

Discussion. The organic beef samples from the longissimus dorsi muscle
exhibited higher shear stress values ranging from 90.32 to 121.30 Pa and viscosity
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values from 180.64 to 242.6 Pa-s compared to non-organic beef, which had a shear
stress of 88.24 Pa and viscosity of 176.48 Pa-s. These findings suggest that organic
beef is tougher and denser, which has significant implications for the production
and quality of finished meat products.

Higher shear stress and viscosity in organic beef indicate greater mechanical
strength and cohesiveness, crucial for maintaining the texture and structural
integrity of sausage products during storage and transportation. This stability is
vital for ensuring product quality and consumer satisfaction. Additionally, the
higher viscosity of organic beef enhances its ability to retain water and fats,
improving the emulsion properties of the meat mixture. This results in a more
consistent sausage product, reducing the risk of separation and syneresis, ultimately
enhancing product quality throughout its shelf life [9].

The differences in texture between organic and non-organic beef are likely
due to variations in raising, feeding, and processing methods. Organic beef, raised
under more natural and less intensive conditions, exhibited superior muscle fiber
and connective tissue structure, contributing to its enhanced mechanical properties.
This is consistent with findings from other studies, which have demonstrated that
organic farming practices can positively affect meat quality [10].

To further investigate the functional-technological properties of the meat, we
assessed the water holding capacity (WHC) using the Grau-Hamm method and
monitored pH changes over five days. WHC is a critical indicator of meat quality,
affecting visual appeal, weight loss, technological vyield, and sensory
characteristics. Factors such as animal age, pre-slaughter stress, and storage
temperature significantly influence WHC [11]. Organic beef demonstrated a higher
WHC of 75% compared to 60% in non-organic beef, indicating better water
retention during storage and cooking. This improved WHC is likely due to the
favorable raising conditions and reduced stress experienced by organically raised
animals [12].

The pH levels of the meat also played a crucial role in determining quality
and texture stability. Organic beef maintained a stable pH range of 5.6-5.7 over
five days, contributing to better meat quality and texture. In contrast, the pH of
non-organic beef, ranging from 5.7-5.8, was less stable, potentially affecting
moisture retention negatively.

The data obtained in this study are consistent with the results of other studies
on structural-mechanical properties of meat. For instance, similar research has
shown that organic beef exhibits better textural qualities and moisture retention due
to its higher shear stress and viscosity values [13]. These findings underscore the
importance of considering both structural-mechanical and functional-technological
properties in meat production to ensure the development of superior finished
products that meet consumer expectations.

Conclusion. This study demonstrated significant differences in the
structural-mechanical and functional-technological properties between organic and
non-organic beef. Organic beef samples from the longissimus dorsi muscle
exhibited higher shear stress and viscosity values, indicating greater toughness and
density. These properties are crucial for maintaining the texture and structural
integrity of sausage products during storage and transportation. The higher
viscosity and shear stress of organic beef contribute to better water and fat
retention, enhancing the emulsion properties and overall consistency of the sausage
mixture. Additionally, organic beef showed superior water holding capacity
(WHC) and stable pH levels over five days, further supporting its suitability for
sausage production. These characteristics ensure better moisture retention and
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quality stability, which are essential for producing high-quality meat products. The
findings align with previous studies, reinforcing the notion that organic farming
practices positively influence meat quality. In conclusion, organic beef, with its
enhanced mechanical properties and improved functional-technological
characteristics, is a more suitable choice for sausage production compared to non-
organic beef. Its ability to retain moisture and fats, along with its stable pH levels,
makes it an ideal ingredient for creating high-quality sausage products that meet
consumer expectations.
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1C. CelipynnuH amoiHdarbl Ka3aK a2pomexHUKanblK 3epmmey yHusepcumemi,
AcmaHa K., KazakcmaH

LWYXbIK OHAIPICIHAE OPTAHUKAJbIK Y{OHE OPTAHUKAJbIK EMEC CUBIP ETIHIH,
K¥PbI/IbIMAbIK-MEXAHUKANDIK, }{OHE ®YHKUUOHANObIK-TEXHONOTUANDBIK
KACUETTEPIH TAIJAY

AHpgatna. byn 3epTTey oOpraHuWKanblK X3HE OpraHUKasblK €MeC CUbIp ETiHiH,
KYPbINbIMAbIK-MEXaHUKANbIK ~ KoHe  QYHKLMOHANABIK-TEXHONOTUANBIK  KAacueTTepiH
CaNbICTbIPYFa, ONAPAbIH, bIFbICY KEpPHEYi MeH TYTKbIP/iblfbl CUAKTbI MapameTpaepre Hasap
aypapyfa, 0NapApblH LWYXKbIK OHAIpYre »KapamAbliblfblH aHblKTayfa bOafblTTanfaH. ST2
CTPYKTYpPOMETPIH Ko/ZaHa OTblpbin, 6i3 OpraHMKanblK *KOHE OpraHMKanablK emMec Cubip
eTiHeH anblHFaH longissimus dorsi  OYAWbLIKET YAriNEpPiHiH  biFbicy KepHeyi MeH
TYTKbIP/IbIFbIH eweaik. COHbIMEH KaTap, cyabl yctay Kabineti pay-Xamm agicimeH
6afanaHapbl XoHe pH e3srepictepi 6ec KyH iwiHae 6akblnaHabl. bi3aiH HaTUXKenepimis
OpraHWKasblK CUbIP ETiHiH, OpraHWKanblK eMec cublp eTimeH (bifbicy KepHeyi: 88,24 Ma,
TYTKbIpAbIFbl: 176,48 Ma) canbicTbipFaHaa bifbicy KepHeyi (90,32-geH 121,30 MMa) kaHe
TyTKbIpAbIFbl  (180,64-TeH 242,6 [Ma:c) alTap/bIKTalk Kofapbl eKeHiH KepceTTi. byn
aMblpMalbINIbIKTap  OPraHWKaNbIK  CUbIP  €TiHIH,  KaTTblNbIfbl, TbIfbI3AbIFbl  KIHE
3MY/IbCUANBIK, KaCMEeTTEPI XKOFapbl eKeHiH KepceTeai, by WyKbIKTapablH KYPblNbiMbl MeH
WbIPbIHABINbIFbIHBIH, }KOFapbliayblHa biknan etesi. COHbIMEH KaTap, OpraHwWKasnblK CubIp
eTiHiH, blnFan ycrtay Kabineti 75% opraHuKanblk emec cublp 60% eTiHiH, canbiCTbipFfaHaa
YKOfapbl 6014bl, COHbIMEH KaTap TypaKTbl pH aAnanasoHbl 5,6-5,7 60a4bl, 6y cakTay KaHe
eHAey KesiHAe eT canacbliH CakTay YWiH eTe MaHbi3abl. HaTuxKenep opraHuKanbiK CUbIP
eTiHiH, KOFapbl MeXaHMKaNblK KacueTTepi MeH binfanabl cakTay KabineTiHe 6ainaHbICTbI
YKOFapbl Canasibl WYXKbIK 6HIMAEPIH 8HAiIpYre KoMalnbipak eKeHiH KepceTea;.

Tipek ce3gep: bifbicy KepHeyi, TYTKbIPAbIfbl, CyAbl ycTay KabineTi, opraHUKanbiK,
CUbIP €Ti, WYXbIK.

K.K. MakaHranu?, I.X. Ocnankynosa?, I.M. Tokbiwesa®

1Kazaxckuii azpomexHuyeckuii uccnedosamensckuil yHusepcumem umeHu
C. CeliepynnuHa, 2. AcmaHa, KazaxcmaH

CPABHUTE/IbHbIN AHANIN3 CTPYKTYPHO-MEXAHUYECKUX U ®YHKLIMOHA/IbHO-
TEXHONOIMMYECKUX CBOMCTB OPTAHWUYECKOW U HEOPTAHWYECKOW rOBAAWHbI ANA
NPOU3BOACTBA KONIBACHbIX U3AENUIA

AHHOTaumA. Lenb AaHHOro nccnefoBaHUA — CPABHUTL CTPYKTYPHO-MexaHuyYeckue
M OYHKLMOHANbHO-TEXHO/IOTUYECKME CBOMCTBA OPraHWMYECKOM W  HeopraHM4YecKoun
roBAAMHbI, yaenas ocoboe BHMMAHME TaKMM MapameTpam, Kak Hanps:KeHue casura v
BA3KOCTb, YTOObI ONpeaennTb UX NPUroAHOCTb A1 NPOU3BOACTBA KOMBACHbIX U3Aenunit.
MUcnonb3ya CTpyKTypomeTp ST2, Mbl USMEPUIN HaNPAXKEHUE CABUIA U BA3KOCTb 06pasLLoB
OJIVIHHENLWEeN MblLWLbl CMIUHBI KaK M3 OPraHMYecKon, Tak U U3 HEOPTraHUYECKOW roBAAUHbI.
Kpome Toro, ¢ momoubio meToga [pay-Xamma 6blna oueHeHa Braroyzep:kusatollas
cnocobHoctb (WHC), a nsmeHeHus pH KOHTPO/AIMPOBaNUCL B TeyeHue NATU AHel. Hawu
pesynbTaTbl MOKasa/W, 4YTO OpraHW4yeckas rossaMHa obnafaeT 3HauuTesbHO 6Gonee
BbICOKMM HanpsxeHnem casura (ot 90,32 ao 121,30 Ma) n BA3KocTblo (oT 180,64 no 242,6
Ma:c) No cpaBHEHWIO C HeopraHWYeckol rosaauHol (HanpsxkeHue casura: 88,24 MNa,
BA3KOCTb: 176,48 Ma:c). 3TN pasnmMuma yKasbiBalOT Ha TO, YTO OPraHMYecKas rossauHa
obnapaet 60/blueit TBEPAOCTHIO, MNOTHOCTBIO U IYYLWMMW 3MY/IbCUOHHBIMW CBOMCTBAMMU,
YTO CNOCOBCTBYET YNYYLIEHUIO TEKCTYPbl M COMHOCTU KonbacHbix usgenuii. Kpome Toro,
OpraHWyeckasa roBsiAMHa MoKasana 6o/see BbICOKMA MOKa3aTeNlb MOJIE3HOIO AeNCTBUA —
75% no cpaBHeHUtO ¢ 60% Yy HeopraHWYEeCKON roBAAMHDI, @ TaKKe CTabunbHbIM AMana3oH
pH 5,6-5,7, 4TO MmeeT pellalowee 3Ha4YeHMe ANA NOALEPKAHWA KavyecTBa mMAcCa Npu
XpaHeHun u nepepaboTke. [onyyeHHble pe3ynbTaTbl CBUMAETENLCTBYIOT O TOM, 4TO
opraHu4yeckas roBaauHa, 6a1arogaps CBOMM NPEBOCXOAHbIM MEXaHUYECKMM CBOMCTBaM U
cnocobHocTM  yaepkmBaTb  Bnary, 6onblwe  nogxoAuT  ANA  NPOWU3BOACTBA
BbICOKOKQUYECTBEHHbIX KONOACHbIX U3AeNUA.

Kniouesble cnoBa: HanpaxeHwe cABura, BA3KOCTb, BaroyAep)xusatowwan
cnocobHOCTb, OpraHMYecKas ropaanHa, konbaca.
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