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In the meat industry, it is important to enrich meat products with plant-based functional components, which improves
their nutritional value but also changes the mechanical properties of the matrix. The aim of this study was to evaluate the effect
of collagen hydrolysate and cranberry powder on the structural and mechanical properties of cooked sausages. The study was
conducted using a standard two-cycle scheme on a structurometer, and the hardness, springiness, cohesion, resilience and
chewiness of cooked sausage products were determined. Approximation was performed using simple linear models and paired
correlation analysis. The addition of 10% collagen hydrolysate led to a slight decrease in indicators relative to the control, while
the addition of cranberry powder (1-3%) at a fixed level of hydrolysate (10%) caused a dose-dependent decrease in all indicators,
which was confirmed by linear trends with a high explanation of variance (R*=0,89-0,99). Pairwise correlation analysis showed
very strong inverse correlations for cranberries with TPA (r =-0,92...-0,98, p=0,0045-0,0250), while moderate negative
correlations without statistical significance were obtained for hydrolysate (r=-0,50...-0,80, p>0.05). The results indicate that
cranberry powder is the main factor in reducing the structural and mechanical properties, and further research is needed to
establish the limits for the amount of functional ingredient to be added. Further research is planned in the RSM method, taking
into account the interactions of factors, with organoleptic evaluation, as well as rheological and microstructural analysis.

Keywords: collagen hydrolysate, cranberry powder, cooked sausages, texture profile analysis
(TPA), pairwise correlation.
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Em onepkacioinoe ocimoix mexkmi (hyHKUUOHANObIK KYPaAMOACMapmMeH 0aiiblmy 03eKminici »#co2apbl, Y1 mazamovlk,
KYHOBLIbIKIbL APMMbIPYMEH KAMap, Mampuyanvly MexanuKaavlk Kacuemmepin o3zepmeoi. Ocol 3epmmeyoiy maKcamot —
Ricipinzen wWLyHCLIKMApPObIH KYPbLIbIMObIK-MEXAHUKANBIK KACUENMEPIne KOIA2eH 2UOPOIU3AMbL MEH MYKHCUOEK
YHMAazulHblH, 2CePin fazanay. 3epmmey Kypulivlmomempoe CnaHoapmmol eKi YUKI0bIK cxema 0olibinuia ycypeizinin,
KammoliblK, CepnimoiniK, Koze3us, KAANbIHA Kea2iWmiK JHcoHe WiaiHaabluimolK aHblKmanovl. AnRnpoKcumayus
Kapanaivlm CbI3bIKMbIK MOOEAbOEPMEH JHCIHE HCYHRMBIK KOPPEIAUUATLIK, manoaymen opotnoanowt. 10 % konnazen
2UOPOSIU3AMBIH eHZI3Y DAKbLIAYMEH CAbICMBIPRAHOA KOPCEMKIUimepoiy, wamansl momenoeyine axenoi, an 2Uuopoau3am
oenzeiti 10 % oonzanda myxarcudex ynmazoin 1-3 % Kocy éapnvik Kepcemxiuimepoin, 003aza mayeioi momeHoeyin nyoi3obl,
oyn scozapul oucnepcus mycindipyimen (R=0,89-0,99) coizvikmolx, mpenomepmen pacmainovl. JKynmuik, Koppenayusibly
manoay mykycuoex yuin TPA-men ome Kywimi kepi oatinanvicmapost kepcemmi (r=—0,92...—0,98, p=0,0045-0,0250), an
2udponu3am ywin CmamucmuKkaiblK, MAnbl30bLIbIZbL JHCOK opmaua mepic 6aiinanvicmap anvtnovt (r=—0,50...—0,80,
p>0,05). Hamuoicenep KypolibIMObIK-MEXAHUKANBIK KOPCEMKIumepoi momeHoemyoe Hezizel (hakmop MyKcuoex yHmazol
eKeHiH KopcemeOi; PYHKUUOHANObIK UHZPeOUEeHMMINY eH2I3Y WeKmepiH Denziney yuin Kocolmuia 3epmmeyiep Kaxcem.
Anoazwel scymoicmap pakmopnap o3apa apekemmecyin eckepemin RSM macininoe, opzanonenmuxansix dazanayme,
COHOAI-aK PeoN0ZUANBIK, HCIHE MUKPOCIPYKIMYPATIbIK MATIOAYMEN HCOCRAPIIanyoa.

Heri3ri ce3aep: koJJiaren ruipoin3aThl, MYK:KHIEK YHTAFBI, MiCipijireH MY:KbIK, TEKCTYPAJIbIK
NPoQWIb TAIAYBL, )KYNTHIK KOPPeJIsusi.
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B macuwoit ompacnu Aensemca  AKMyanbHLIM  0002aUi€HUE MACHLIX U30EAUl  PACMUMETbHbIMU
dyuKyuoOnaANbHBIMU KOMNOHEHmMAMU, YINO YAyYuwidem UX RUUWLEYI0 UEeHHOCHmb, HO O00HOGPDEMEHHO MeHAem
Mexanuueckue ceolicmea mampuybl. Llenvio pabomul 66110 oyenums 6AUARUE 2UOPONUZAMA KONIAZEHA U NOPOUIKA
KJ1I0K6bl HA CMPYKMYPHO-MeXAHUYecKue c80Licnea éapénvix Kxonoac. Hccnedosanue nposoounocs no cmanoapmmnoil
08YXUUKII0601l cXeme HA CMPYKmypomempe, 20e onpeoeninu meepoocms, ynpy20Ccms, K02e3ur, yCmou4ueocms u
nepexycéguleaeMocmy 6apeHbIX KOAOACHBIX u3denull. Annpokcumayus npoeoouUnach RNPOCMbIMU JIUHEHbIMU
MOOeNAMU U RAPHBIM KOPPENAUUOHHLIM aHanuzom. Buecenue 10% cudponuzama konnazema npueoouno K
HE3HAYUMENLHOMY CHUMNCEHUI0 NoKazameneil OMHOCUMENbHO KOHMPONA, moz20a KaK 000agneHue Kil0KEEHHO20
nopowka (1-3%) npu uxcuposannom yposne cuoponuszama (10%) evizvieano 00303asucumoe ymeHouieHue 8cex
nokazameeii, YMmo nOOMEEPHcOEHO TUHEHHBIMU MPEHOaMU ¢ 6blCOKUM 00vsacHenuem oucnepcuu (R*=0,89-0,99).
Ilapnolii KOppenayuoHHbLIL AHAU3 ROKA3AL /151 KIIOKEbL 04eHb CUulbHble oopamuble cesazu ¢ TPA (r =—0,92...—0,98,
p=0,0045-0,0250), 0151 cudponuszama noyuenst ymepennsie ompuyamenbHole 3a6UCUMOCHU Oe3 CHHAMUCIMUYECKOT
snauumocmu (r=—0,50...—0,80, p>0,05). Ilonyuennvie pe3ynrvmamel YKaA3pléaiom, Ymo 2iAAGHLIM (HaKkmopom
ROHUdICEHUA nOKa3amesneil CMPYKMYPHO-MEXAHUYECKUX CGOUICME 8bICIYNAem HOPOUOK KIOK8blL U HEO0X00UMO
nposecmu Oanvueiiuiee UC1€006aAHUE ONA YCMAHOBIEHUA TUMUMOE KOJUYUECMEA 6HeCeHUs QYHKUYUOHAIbHOZO0
unzpeouenma. /lanvneiiuiue ucciedosanus naanupyromesa é popmame RSM c yuémom e3aumooeiicmeuii pakmopoa,
C 0p2anoIenmuyecKoil OYeHKOIl, @ MAaKiHce ¢ peoaocudecKum U MUKPOCMPYKIMYPHbIM AHATUZOM.

KnioueBble cj0Ba: THAPOIM3aT KOJLJIAareHa, NMOPOIIOK KJIOKBbI, BapéHasi Koj10aca, aHaIu3
npoduias tekcrypsl (TPA), napHas koppeasinus.

Introduction Analysis (TPA) readouts via water binding,

In the preceding two decades, the notion of viscosity, and microstructural effects. For instance,
"functional ingredients” in the domain of meat inulin and grape pomace altered the hardness,
technology has undergone a transition, evolving gumminess and chewiness of Spanish-style
from a niche to a mainstream reformulation sausages, whereas in some Frankfurt-type systems
strategy. This evolution is driven by the dual TPA remained unchanged, emphasising the matrix-
objectives of enhancing nutritional profiles while and  dose-dependence of  fibre  effects.
maintaining product quality. The seminal work of Mechanistically, insoluble fibres have been shown
Jiménez-Colmenero and colleagues established to form an auxiliary 3-D network that competes
meat products as conduits for bioactive with, or reinforces, the myofibrillar gel.
constituents and delineated core strategies (e.g. fat Furthermore, differences in particle size and
and salt replacement, incorporation of antioxidants, hydrophobicity have been demonstrated to tune
fibres, and peptides) that deliver health benefits water distribution and emulsion stability [3].
beyond basic nutrition [1]. Subsequent reviews The appeal of berries lies in their phenolic
have consolidated these approaches, highlighting profile (proanthocyanidins, anthocyanins), which
seven principal groups of functional constituents is responsible for their antimicrobial and
(fatty acids, minerals, vitamins, plant antioxidants, antioxidant properties. In the context of fermented
dietary fibres, probiotics, bioactive peptides) and sausages, the incorporation of 5 g/kg cranberry
emphasising that technological performance (e.g. powder has been shown to significantly influence
water-binding, emulsion stability, and texture) is as the  microbiota, predominantly  comprising
critical as the physiological function when Pediococcus and Staphylococcus species, with a
formulating "healthier" meat products [2]. proportion exceeding 90%. This intervention has

A significant trend in the field of "clean- been observed to enhance the colour and quality
label" enrichment involves the utilisation of plant attributes of the product, thereby validating its
fibres and fruit by-products. In the context of function as a natural nitrite adjunct.
sausage models, dietary fibres and pomaces have In meat-containing cooked sausages,
been observed to modulate Texture Profile cranberry extract at 0,01-0,03% retarded oxidative
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processes with an optimum sensory result around
0,02%. Aside from redox effects, polyphenols
interact with muscle proteins: recent reviews
indicate that covalent and non-covalent phenolic—
protein binding can alter protein conformation and
gelation, which may, in turn, alter TPA metrics—
for example, lower springiness or hardness at
higher phenolic loads—via changes in cross-
linking and water immobilization. These
interactions provide a mechanistic rationale for
dose-dependent softening observed in some berry-
enriched systems. [4, 5].

Gelatin (collagen) and hydrolysates are
widely used texturizers and fat replacers. Their
effects on TPA depend upon source, molecular
weight distribution, and addition level. In cooked
sausage, 1% addition of duck skin gelatin
hydrolysate enhanced cohesiveness and chewiness
without changing pH or cooking loss, thereby
suggesting that low-level hydrolysates can
strengthen the gel network [6]. For chicken
burgers, partial substitution of fat with collagen
hydrolysate at 50-75% increased hardness and
chewiness. Consumer acceptance was not altered at
50% replacement, suggesting that collagen can
restore some of the structure lost due to fat
reduction. On the other hand, in meatballs, the
addition of fish gelatin reduced hardness by 26,4%
while also increasing yield and moisture retention,
revealing that collagen origin/thermal behavior—
for example, the melting point of fish gelatin—can
soften the bite and improve juiciness. Altogether,
these studies have shown bidirectional TPA effects
governed by dose, matrix characteristics, and
gelatin characteristics rather than any one trend [7].

These studies have established that domestic
researchers confirm that both berry additives and
protein hydrolysates substantially affect the
structural and mechanical properties of meat
systems [8]. For the berry powders, M. Serikkyzy
et al. showed better organoleptic and structural-
chemical characteristics of semismoked sausages
with goji berries (0,3-0,7%) compared to the
control, stressing that the plant components
specifically affected the product matrix [9]. In
parallel, changes in technological/structural
indicators were described in works on protein
hydrolysates in cooked sausages when 3-7% and
5% of hydrolysate in combination with purslane
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was used, affecting the consistency of the emulsion
[10]. The recent study on the mixture ‘collagen
hydrolysate + cranberry' in cooked sausages
recorded a significant improvement in quality and
oxidative stability, underlining that the combined
addition of protein and phenolic components
changes the behavior of the gel network and, as a
result, the texture profile [11].

The aim of the research was to investigate
the structural and mechanical characteristic
changes in cooked sausages after addition of
collagen hydrolysate and cranberry powder.

Materials and research methods

Cooked sausages with low-value animal by-
products were produced at the Educational and
Scientific Center for Meat Processing of Almaty
Technological University (Almaty, Kazakhstan).

Fetlock joints were cleaned, washed, and cut
(80-100 g). After defatting (t=60-65°C; t=45-50
min), the material was cooled (to t=45°C) and
hydrolyzed enzymatically (t=45°C; t=24 h) with
BLT-7 (1%). Enzymes were inactivated
(t=95+£2°C; 1=30 min) and the hydrolysate was
spray-dried (inlet t=135-140°C; outlet t=85-90°C)
for subsequent use.

Cranberry berries were dried (t=40-45 °C
for 12-16 h) using dehydrator (FD1104, Redmond,
Russia) in order to preserve polyphenols and
vitamin C, then milled to a homogeneous powder
(Grindomix GM 200, Retsch, Germany).

Deboned and trimmed meats and beef fat
were coarsely ground (CE 660F, la Minerva, Italy).
The mince was salted and maturated (t=2+2°C for
8-12 h), and then treated using bowl cutter
(K30Neo, Talsa, Spain) with spices, ice, and the
functional additives (collagen hydrolysate and
cranberry powder). The prepared emulsion was
stuffed into casings and rested (t=0-4°C; =2 h).
Thermal treatment was carried out in a smoke—
cook chamber (UK-3\1M100, Tekhtron+, Russia)
under controlled conditions, including roasting
(t=80-100°C; ==65-140 min) and cooking (t=76—
85°C; t=50-150 min), and were chilled in a room
at t=8°C to a core temperature of t=0—15°C.

The formulation of cooked sausage products
developed wusing low-value by-products is
presented in Table 1.
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Table 1. Formulations of experimental cooked sausages with low-value by-products

Sample 1

Ingredients (Control) Sample 2 Sample 3 Sample 4 Sample 5
Raw materials, kg per 100 kg
Poultry meat (chicken fillet) 45 40 40 40 40
Beef, trimmed 45 40 39 38 37
Bovine visceral raw fat 10 10 10 10 10
Protein hydrolysate from low-value 10 10 10 10
by-products -
Cranberry powder - - 1 2 3
Spices, g per 100 kg
Salt 2000 2000 2000 2000 2000
Sugar 100 100 100 100 100
Black pepper 50 50 50 50 50
Nutmeg 25 25 25 25 25
Texture Profile Analysis (TPA) were Pearson correlation analysis was used to

performed on a Structurometer ST-2 texture
analyzer. Prior to testing, samples were prepared as
rectangular prisms of 100x20x20 mm. Each
specimen was placed on the stationary lower
platform and compressed by a cylindrical indenter
36 mm mounted on the moving upper crosshead.
The test followed the instrument routine “ST-2
Texture Profile Analysis TPA”. The probe was
driven into the sample to a depth of 5 mm at 0,5
mm/s, then fully withdrawn to the start position. A
second compression to 10 mm was subsequently
applied at 0,5 mm/s, after which the probe returned
to the origin. Force-time data acquisition and
primary processing were carried out with the ST-2
instrument software packages “ST-2” and
“Algorithm”.

From the TPA curves, the following
responses were calculated in accordance with the
instrument’s method definitions:  Hardness
(g/mm?), Springiness (%), Cohesiveness (%),
Resilience (%), and Chewiness (g/mm?).

For each formulation, not less than three
independent replicates were measured. The
arithmetic mean across replicates was reported as
the final result. Results are presented as mean + SE
(standard error of the mean), calculated across
replicates. Data handling and statistical analysis
were performed in Microsoft Excel and
STATISTICA.
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assess associations between factor levels (X1, X2)
and texture responses (Y1—Ys). Correlations were
calculated using formulation-level mean values as
independent observations (n equals the number of
formulations; df = n — 2) and evaluated using a two-
tailed significance criterion (p<0,05). If multiple
correlations were tested simultaneously within the
same factor (five texture responses), a Bonferroni-
adjusted threshold was additionally considered.

All laboratory tests were carried out at the
Research and Testing Center of the Federal
Research Center for Food Systems named after V.
M. Gorbatov, Russian Academy of Sciences
(accredited by the Federal Service for
Accreditation; certificate No. RA.RU.21111169).

Results and discussion

All formulations were profiled on the
Structurometer using a standard two-cycle TPA
routine. The resuts are summarized as bar-plots
where the height of each bar corresponds to the
mean  value calculated from  replicate
measurements. The vertical error bars indicate the
variability around the mean and reflect the
reproducibility of the measurements. The fitted
trendline illustrates the overall direction of change
across the sample series and provides a visual
assessment of the presence of a consistent
tendency.
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Hardness of cooked sausages, g/mmg?
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Figure 1. Hardness (Y1) indicators of various experimental samples of cooked sausages

Hardness denotes the peak force during the
first compression and reflects the initial bite
firmness of the product (primary mechanical
descriptor in TPA). In Figure 1, the control
(Sample 1) showed the maximum (3,931 g/mm?),
whereas the Sample 5 was the minimum (3,688
g/mm?). Introducing 10% collagen hydrolysate
(Sample 2) reduced hardness of sausage by 0,46%

(3,913 g/mm?). At the same collagen level, adding
cranberry powder led to further declines and at 3%
cranberry (Sample 5) hardness was reduced by
6,18% than control. A linear trendline (R? = 0,895)
confirms the overall decrease across the series of
cooked sausage samples.

Springiness of cooked sausages, %
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94

92,17
92 1

90
88
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Sample 1 Sample 2

Sample 3

R2=0,9873

85,76
T

Sample 4 Sample 5

Figure 2. Springiness (Y2) indicators of various experimental samples of cooked sausages

Springiness is the extent to which a sample
returns to its original height after the first
compression in TPA. It is computed from the
force—time (or force—distance) curve as the ratio of
the recovered distance between the first and second
compressions to the initial compression distance.
As can be seen in Figure 2, the control sample of
cooked sausages (Sample 1) showed the maximum
springiness —94,07%. When 10% collagen
hydrolysate was added (Sample 2), springiness
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decreased to 92,17%, which is a 2,02% decrease
compared to the control. The addition of cranberry
powder with the same hydrolysate content was
accompanied by a further decrease in springiness.
The minimum value was observed in Sample 5
(85,76%), where the index decreased by 8,83%
relative to the control. The trend line (R? = 0,9873)
confirms a steady decrease in springiness with an
increase in the concentration of additives in the
recipe.
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Cohesiveness of cooked sausages, %
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Figure 3. Cohesivenes (Y3) indicators of various experimental samples of cooked sausages

Cohesiveness quantifies the internal bonding
of the sample and its resistance to breakdown on
the second bite. In TPA it is computed as the area
ratio of the second to the first compression from the
force-time curve. As can be seen in Figure 3, the
control sample (Sample 1) showed the maximum
cohesion — 85,19%. When 10% hydrolysate was
added to cooked sausages (Sample 2), cohesion
decreased to 83.99% (—1,41% relative to the

control). The addition of cranberry powder at a
fixed level of hydrolysate was accompanied by a
further decrease in the indicator: at 1% powder —
83,65%, at 2% — 81,92%, at 3% cohesion decreased
to 79,61%. The trend line (R? = 0,9323) also
confirms a steady decrease in cohesion with
increasing additive concentration.

Resilience of cooked sausages, %

40
35 32
30
25
20
15

10

Sample 1 Sample 2

R? =0,9492
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Figure 4. Resilience (Y4) indicators of various experimental samples of cooked sausages
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Resilience is the instantaneous elastic recovery
upon release after the first compression in TPA. It is
computed as the ratio of the unloading work to the
loading work in the first cycle, i.e., the fraction of
deformation energy returned immediately. As can be
seen in Figure 4, the control sample of cooked sausages
(Sample 1) showed the highest stability — 32,32%.
When 10% hydrolysate was added (Sample 2),
stability decreased by 1,98% to 31,68%. The addition

of cranberry powder at a fixed level of hydrolysate was
accompanied by a further decrease in the indicator, and
when 3% of the functional ingredient was added,
stability decreased by 17,85% from the control and
amounted to 26,55%. The trend line (R? = 0,9492) also
confirms the steady downward trend of the indicator
across the series of samples as the volume of additives
increased.

Chewiness of cooked sausages, g/mm?2
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31

29
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Figure 5. Chewiness (Ys) indicators of various experimental samples of cooked sausages

Chewiness is the work required to chew a
solid sample until it is ready to swallow. In TPA
it is computed as GumminessxSpringiness and
reported as g/mm?2. As can be seen in Figure 5,
the control sample of cooked sausage (Sample 1)
showed the maximum chewability — 3,15
g/mm?, while Sample 5 showed the minimum —
2,81 g/mm? The trend line (R? = 0,9775)
confirms a steady downward trend in chewability
as the amount of plant ingredients in the cooked
sausage recipe increases.
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Results of research shows that the addition
of functional ingredients is accompanied by a
decrease in the structural and mechanical
properties of the experimental samples of cooked
sausages. To quantitatively verify and confirm
the correlation, a paired correlation analysis was
performed between factors X; (collagen
hydrolysate) and X, (cranberry powder) and TPA
responses Yi—Ys (Y1 — Hardness, Y, —
Springiness, Ys — Cohesiveness, Y; —
Resilience, Ys — Chewiness).
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Table 2. Formulations of experimental cooked sausages using low-value by-products

Pearson Coefficient of Expected Y
X-Y Correlation Correlation Determina-tion t statistic p-value change for
Coefficient (r) (R? +1% X
X1 Collagen hydrolysate correlation with Y1.s Texture Profile properties
X Collagen
hydrolysate — -0,501056 0,251057 -1,00282 0,3898 -0,01223
Y1 Hardness
X1 Collagen
hydrolysate — -0,712979 0,508339 -1,76118 0,1764 -0,54900
Y2 Springiness
X1 Collagen
hydrolysate — -0,598102 0,357726 -1,29263 0,2866 -0,28975
Y3 Cohesivenes
X1 Collagen
hydrolysate — -0,603400 0,364092 -1,31060 0,2812 -0,30875
Y Resilience
X1 Collagen
hydrolysate — -0,802679 0,644294 -2,33108 0,1020 -0,02325
Y5 Chewiness
Xz Cranberry powder correlation with Y1.s Texture Profile properties
Xz Cranberry powder — | g75635 0,051864 -7,70220 0,0045 -0,08165
Y1 Hardness
XpCranberry powder — | ganag, 0,922332 -5,96874 0,0094 -2,53647
Y2 Springiness
XpCranberry powder — | gac7a9 0,932639 -6,44483 0,0075 -1,60471
Y3 Cohesivenes
XzCranberry powder — | g74493 0,049637 752115 0,0048 -1,71029
YResilience
X, Cranberry powder — | 4 93543 0,853116 417425 0,0250 -0,09176
Y5 Chewiness

In the correlation analysis of Xi; Collagen

hydrolysate

indicators

moderate

negative

correlations were recorded for all TPA responses.

The Pearson Correlation Coefficient ranged from
r=-0,501 (X; Collagen hydrolysate — Y1 Hardness)
to r=-0,803 (Xi Collagen hydrolysate — Ys
Chewiness). Given the sample size, statistical
significance for establishing correlations was not
achieved (p-values of X;—Y1.5 correlations do not
meet the condition p<0,05), so the results should be
interpreted as a trend. The slope estimates show the
expected change in response when X increases by
1%: hardness to -0,012 g/mm?, springiness to -
0,549%, cohesion to -0,290%, resilience to -0,309%,

chewiness to -0,023 g/mm2 The strongest
correlation was found between X; Collagen
hydrolysate and Ys Chewiness (r=-0,803,

R?=0,644), but even this does not pass the p<0,05
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threshold for this sample size. In summary, collagen

hydrolysate produces a moderate, uniform
weakening of all structural and mechanical
indicators.

In the correlation analysis of X, Cranberry
powder indicators very strong and mostly statistically
significant inverse correlations are observed for TPA
responses. The X>—Y1s correlations show high Pearson
correlation coefficient values (from r=-0,924 to r=-
0,976) with high coefficient of determination values
(from R?=0,853 to R?=0,952). With the sample size,
statistical significance for establishing relationships
was achieved (p-values of X:—Y 1.5 correlations meet
the condition p<0,05). After a simple Bonferroni
correction (a=0,01), four out of five responses remain
significant (except for Ys Chewiness, p=0,0250).
According to the slopes, each +1% of cranberries is
associated with a decrease in: hardness -0,08165
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g/mm?, springiness -2,536%, cohesion -1,605%,
resilience -1,710%, chewability -0,0918 g/mm?. Y>
Springiness and Y4 Resilience are the most sensitive to
X (large slopes and high R?), which is consistent with
the linear trends in the graphs (R?>=0,93-0,99). The
correlation analysis indicates that cranberry powder is
the main driver of the decrease in cohesive properties
and «bite hardnessy.

Research on emulsion meat products shows a
consistent trend: the introduction of collagen
hydrolysates (3-6 kDa low molecular weight
peptides) is often accompanied by a weakening of
TRA indicators (hardness, cohesion, chewiness) due
to the «plasticizing» effect, dilution of the
myofibrillar network and the absence of the
hydrolysate's own gelling ability. A review by Leon-
Lopez A. et al. emphasises that, unlike gelatin,
collagen peptides do not form gels, are highly soluble
in cold water and act as a functional additive in the
matrix without a carrier structure, which
predetermines the softening of the texture at certain
doses and replacement schemes [12]. In
technologically similar systems, Kawata K. et al.
showed that an increase in the proportion of
connective tissue (epimysium — a source of collagen)
in meat emulsion linearly reduces hardness,
gumminess and chewiness and weakens the strength
of the cooked matrix (p<0,01), illustrating the
negative relationship «more collagen — weaker TPA
profile» [13]. Some studies report opposite effects
when using gelatin/fibrous collagen or very high
levels of fat replacement: for example, when fat was
partially replaced with hydrolysate, changes in
hardness were observed at certain levels, indicating
the role of form, dose, and fat/water/protein phase
ratios as moderators of the effect. Scientists agree in
their studies that hydrolysates are more likely to
soften, while gelatin and collagen fibres can locally
increase elasticity and strength characteristics due to
a different gel structure [14, 15].

For cranberry powder and other berry powders
with high polyphenol and fibre content, a similar
vector of influence on TPA metrics has been
described. In their work on dry fermented sausages,
Lau et al. note that an increase in the level of
cranberry powder has a negative effect on the quality
indicators of the product, including texture
characteristics [16]. Parallel studies on models with
cherry powder, a polyphenolic analogue of cranberry
powder, show a dose-dependent decrease in hardness,
elasticity, and chewiness with an increase in the
proportion of vegetable powder — that is, a typical
«softening» of the TPA profile with an increase in the
polyphenol-fibre component [17]. Mechanistically,
this effect is explained by a decrease in pH and
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competition between fibre particles for water, in
particular a deterioration in WHC and gel strength
upon acidification, as well as interactions between
polyphenols and proteins — inhibition of myosin
disulphide cross-linking and disruption of thermogel
maturation. Classic studies on the effect of pH on
myofibrillar gels show that removal from the
isoelectric region and acidification impair water
retention and mechanical strength, while shifting to
neutral values improves WHC and structure.
Therefore, the acidity of berry powders can weaken
the texture of the emulsion [18]. At the same time,
studies by Jongberg S. et al. on meat emulsions show
that plant polyphenols dose-dependently disrupt
disulphide cross-linking, reducing stability and
texture stability. This is a universal mechanism
relevant to cranberry polyphenols [19]. In summary,
data on cranberry powder and other berry ingredients
with high polyphenol-fiber content consistently
indicate a dose-dependent inverse relationship
between dose and TPA in emulsified meat systems,
especially at medium/high doses and without
technological compensation (ions, salt, phosphates,
carrier protein, moisture) [20].

Conclusion

The study showed a consistent decrease in the
structural and mechanical characteristics of cooked
sausages when functional ingredients were added.
The addition of 10% collagen hydrolysate (X1=10%)
was accompanied by only a slight decrease in
indicators compared to the control, whereas at a fixed
hydrolysate level of 10%, a sequential increase in the
proportion of cranberry powder (X2=1-3%) ledto a
monotonic decrease in Hardness (Y1), Springiness
(Y2), Cohesiveness (Y3), Resilience (Y.), and
Chewiness (Ys). The linear trends for each
characteristic had a high explained variance (R* =
0,89-0,99). Correlation analysis confirmed the
difference in the effects of the factors: moderate
negative correlations were recorded for collagen
hydrolysate, which did not reach statistical
significance at this volume, while for cranberry
powder, very strong and predominantly significant
inverse correlations with TPA metrics were identified
(Jr|=0,92-0,98; p<0,05), with noticeable response
slopes for each +1% addition. These results indicate
that the main driver of the decrease in the structural
and mechanical characteristics of cooked sausages in
the studied system is the plant component, while
collagen hydrolysate at the applied dose of 10% has a
milder, more balanced effect. The practical
significance of the study is to justify setting limits for
the plant component to preserve target sensory and
textural properties and based on the results 10%
collagen hydrolysate (X1) and 2% cranberry powder
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(X2) were selected as optimal levels to balance
functional enrichment and acceptable TPA texture.
Further research is needed with an expanded RSM
experimental design to test interactions, organoleptic
evaluation, and micro-structural and rheological
analysis.
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