AJMAaTBI TeXHOJOTUSIJIBIK YHUBePCHTeTiHiH Xxabapmbichl. 2025. Ne4,

IRSTI 65.59.31 https://doi.org/10.48184/2304-568X-2025-4-130-138

INVESTIGATION OF THE EFFECT OF PLANT ANTIOXIDANTS ON THE COLOR
CHARACTERISTICS OF COOKED SAUSAGE USING LOW-VALUE BY-PRODUCTS

IYA.M. UZAKOV U , *M.A. KALDARBEKOVA , 2I.M. CHERNUKHA " |

LAN. TORTAI *,'ZH.M. MEDEUBAYEVA

(*JSC «Almaty Technological University», Kazakhstan, 050012, Almaty, Tole bi str., 100,
2\/M. Gorbatov Federal Research Center for Food Systems of the Russian Academy of Sciences, Russian
Federation, 109316, Moscow, Talalikhina srt., 26)
Corresponding author’s e-mail: tortay.arsen@gmail.com

The study focuses on controlling the color formation and color stability of cooked sausages by deliberately
varying two functional ingredients: collagen hydrolysate from low-value by-products and cranberry powder. The aim
was to quantitatively describe the dose-response effects of these factors on the integral color stability and to propose a
technologically feasible optimal range. The methodology included the preparation of five experimental samples
(control; 10% hydrolysate; and 10% hydrolysate with 1, 2, and 3% cranberry), instrumental color evaluation in the
CIE Lab* system before and after 60 minutes of exposure and calculation of the percentage of stability based on
normalized changes in L*, a*, b*. Based on these experimental points, a full-square regression model RSM was
evaluated, after which theoretical values were calculated on a regular grid of factors (hydrolysate 0-15%, cranberry
powder 0-3%) for surface visualization and optimization. The experimental data showed that the best color stability
indicator was demonstrated by the sample with 10% hydrolysate and 3% cranberry powder — 90,24%. Approximation
by the RSM (R2=0,995; Rz adj=0,991) revealed a dominant positive linear contribution of cranberry powder, a stable
negative linear contribution of hydrolysate, and negative quadraticity for cranberries (saturation of the effect); the
interaction of factors is statistically insignificant. Practical significance — recommendation to minimize the
proportion of hydrolysate to about 5-10% and dose cranberries at 2-3% to achieve a stability plateau with low
sensitivity to dosing errors.

Keywords: cooked sausage, collagen hydrolysate, cranberry powder, color stability, CIE Lab,
response surface, antioxidants.
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Hccnedosanue noceéaujeno ynpaeieHuto yeemoodpa3oeanuem u yCmouuueocmoio yeema 6apéHvlix Konoac
nymém eapvuposanun Koauuecmeda O08yxX (QYHKUUOHANbHLIX UHZPEOUEHMOS: KONNAZEHO8020 2UOPONU3AMA U3
MAOUEeHHbIX CYOnRPOOyKmose u nopouwika Kiwkevl. Llenvio 0bi10 Konuuecmeéenno onucamv 0030-OHiGeHIHble
Ihpekmul yKazanHvIX HAKMOPO8 HA UHMEZPATILHYIO YCHOUYUBOCHb UGEMA U NPEOTIOHCUMb MEXHON0UYeCKU
peanusyemyio oonacme onmumyma. Memooonozus 6xa0uaAnNa U320MOGIEHUE 5 ONbIMHBLIX 00pa3y06 (KOHmpoib,
Konbaca c 10% zuoponuzama, xonéacwi ¢ 10% zudponuzama u c 1, 2, 3% nopowika KnioKevt), UHCIMPYMEHMATLHYIO
ouenky usema 6 cucmeme CIE Lab* 0o u nocne 60-munymmnoii sxcnozuyuu 1amMnoil HAKAIUGAHUA U PACUEM
nPOYEHmMa ycmouuueoCmu no HOpMuposanuvim usmenenuam L*, a*, b* Ilo smum sxcnepumeHmansnoim mouxkam
0bl1a OUeHeHA NONHO-KeAOPAMUUHAA pezpeccUonHas moodenb RSM, nocne uezo na eé ocnoee ewvluucnanu
meopemuyeckue 3HAUEHUA HA peYNAPHOU pewémie ¢pakmopos (zuoponuzam 0-15%, knwoxea 0-3%) ons
eusyanuzayuyu NOGEPXHOCMU OMKIUKA U ORMUMU3AUUU. IKCHEPUMENHMAbHble OaHHble NOKA3A1U, Ymo
HauIyuwiull noKaA3amens cMaduibHocmu yeema nokasan oopazey ¢ 10% zudoponuszama u 3% nopowika KnKevl —
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90,24%. Annpoxcumauus nosepxnocmoio omrxauxka (R?=0,995; R2 adj=0,991) ewvineuna Oomunupyrousuii
NONOHCUMENbHBIIL  JIUHEHBLE 6K1A0 NOPOWIKA KII0K8bl, YCHOUYUGO OMPUUAMETbHBIL JIUHEIHbII 6K1a0
2uoponuzama u OMPUUAMETbHYI0 KEAOPAMUYHOCMb Ol KAIOKEbl (Hacvlujenue 3Ipgexkma); e3aumoodeiicmeue
¢axmopos cmamucmuuecku necyuwjecmeenno. Ilpakmuueckasa 3HAUUMOCHb UCCIE008AHUA — PEKOMEHOAUUA
MUHUMUUPOBAMb 0010 2udponuszama okono 5-10% u oozuposamsv K0key Ha yposne 2-3% 0nsa 00CmuUdICeHUs
RAAmMO yCMOUUU80CmMuU yeema npu HU3KOU UYGCHMEUMETbHOCHU K ROZPEWIHOCHAM 003UPOSAHUS.

KaoueBnle cjioBa: BapéHasi Koj0aca, THAPOJHM3AT KOJJIAreHa, IMOPOIIOK KJIIOKBBI,
ycroituuBocth Bera, CIE Lab, noBepxHoCTh OTKINKA, AHTHOKCHAAHTDI.
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3epmmey nicipinzen wysncolKmapowvlyy myc my3iiyi MeH myc mypaKmuolibleblH eKi YHKYUOHAObIK KOCNAHbL
(a3 KpHOBI CYOOHIMOECPOCH WIbIHZAH KOMNA2EH ZUOPOIUIAMBIH HCIHE MPKNCUOCK YHMAZbIH) 6APUAUUANAY APKbLLbL
backapyza 6Oazelmmanosl. 3epmmey MaKcamvl — UHMeZPALObIK MYCHIK MYPAKMbBUILIKKA 0Cbl (hakmopnapovly
Moumep—ixicayan acepin canovlk CUNAMIMAY HCIHE MEXHONO0ZUANBLIK MYPblOAH OHMAIIbL APAILIKMbL YCHIHY.
3epmmey oapviceinoa 5 madcipubenik ynei oaiivinoanvin (6axwinay; 10% zuoponusam; scane 10% zuoponusam + 1,
2, 3% myrarcuoex ynmaszwt), ynzinep CIE Lab* sycyitecinoe myc acnanmulx 6azananowl (39kcnozuyusza 0eiin ycomne
Kb130blpy wamvimen 60 munymman Keiiin) ocone L*, a*, D* nopmananzam e3zepicmepi Ooitbtnuwia myc
MYpaKkmulIblK nAiivl3ol ecenmendi. Ocvl IKCHEPUMEHMMIK HyKmenepze cyilene omulpuin, scayan demi adici (RSM)
OOlIbIHWMA MONBLIK, KEAOPAMUKAIBIK PeZPECCUANBIK MOO0elb 0aananobl HcoHe MOO0enbOiK GU3yanu3auua MeH
OHmanunanovlpy ywin axkmopnapoviyy mopvinoa (cuoponuszam 0-15%, mykocuoex 0-3%) meopusanvik manoep
ecenmendi. Ixcnepumenmmixk Mmanoep 0oiivinwa eH dicozapyvl myc mypaxmoinvizel 10% cudponuzam + 3%
mykacuodex yumazoinoa mipkendi — 90,24%. RSM annpoxcumayuacer (R? = 0,995; RZ adj = 0,991) myxarcuoex
JHMAoINbIY 6ACHIM O TUHUATIBIK ICEPil, ZUOPOIUIAMMBIY MYPAKINbL MEPIC TUHUATBIK ICEPIH HCIHE MYKHCUOEK
boliviHwa mepic KeaOpaAMUKANLIK MyuieHi (acepoin Kamuvieyvl) Kepcemmi; ¢haxkmopnapovlyy e3apa acepi
CMAmMuCmuKanblK, mypoloan maonoi emec. IIpakmuxanvix Mansizsl — MycmiK mypaxKmolivlK RIAMOCHINA a3 003a1ay
Kamenikmepine ce3iMmanovlk meomeH 0012aH0a KON dcemkizy yuiin zudponuzam ynecin wamamen 5-10%,
MyKacuoex yumazoin 2-3% OeHzeiiinoe ycuiny.

Herizri ce3gep: micipuireH MmMYXbIK, KOJUIAreH THIPOJIU3AThI, MYK:KMJAEK YHTarbl, TYCTIH
TypakThuibirbl, CIE Lab, sxayan 0eri, anTHOKCHIaHTTAp.

Introduction viscera) reduces wastewater COD/BOD and odour

Across modern meat chains, edible by- burdens relative to disposal and is aligned with
products are still underexploited at a large scale. It circular bioeconomy routes [1, 2]. High-quality
was guantified that food loss and waste in the compositional work, analyzed using validated
meat sector is heavily skewed towards the end of laboratory methods, examined beef offal: every
the chain: approximately 64% at the consumption item met at least one “good” (= 10% DV) or
stage and approximately 20% at manufacturing, “excellent” (> 20% DV) nutrient claim on the
with smaller shares at distribution and primary separable lean fraction; the results show that offal
production; the results show that this pattern delivers complete protein alongside dense
amplifies sanitation loads and nutrient leakage if packages of heme iron, Zn, Se, folate, choline,
offal streams are not valorized (multi-source and B-complex (especially Bi), often exceeding
synthesis). The results also show that valorizing skeletal muscle for key micronutrients. A recent
slaughter by-products (hides, bones, feet/hooves, study further documents batch-to-batch variability
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across raw and cooked offal (liver, heart, kidney,
spleen, tongue, blood, oesophagus) yet confirms
consistently high nutritive value when measured
with standardized protocols [3].

Hydrolysed collagen is a peptide mixture
with a low molecular weight of approximately 3—
6 kDa, far below native collagen (approximately
285-300 kDa); the results show that this size shift
underpins higher bioavailability and distinct
techno-functional behaviour in foods
(gelling/emulsifying support and documented
antioxidant/antimicrobial activities), provided the
dose and pH are tuned to the specific matrix.
Recent reviews describe routine sourcing of
hydrolysed collagen from underused by-products
and successful incorporation into beverages, gels,
and meat emulsions without texture penalties
when inclusion levels are optimized; clinical-
nutrition syntheses place the mean molecular
weight of “specific collagen peptides” around
approximately 5 kDa and meta-analyses report
significant improvements (p<0,00001)) in skin
hydration and elasticity versus placebo,
supporting physiological uptake claims relevant to
functional foods [4, 5].

Kazakh researchers have materially
advanced the valorisation of collagen-rich by-
products into food-grade hydrolysates and their
incorporation into meat systems, including cooked
sausages [6-9]. Recent work devised and
optimised a process for producing protein
hydrolysates from collagen-containing  raw
materials—explicitly including beef legs with
fetlock—and demonstrated, via a Box—Behnken
design, a statistically significant second-order
model for enzymatic hydrolysis; the optimised
regime (thermal step 70,4 °C, fermentation 50 °C,
2 h) yielded amino nitrogen — 2,00 mg/g and,
when dosed into boiled sausage (0-15 %),
increased water-holding capacity by — 9,3 % with
concurrent gains in antioxidant activity (DPPH up
to approximately 29,9 %, FRAP — 33,5 mg
GAE/qg), while noting sensory limits at the highest
inclusion level [10].

Consumer acceptance of cooked emulsions
(bologna-type) tracks CIE L*a*b* governed by
nitrosylhemochrome stability; results show that
light/oxygen exposure typically decrease a* (loss
of redness) and increase b* (yellowness) during
storage/display. Reviews on curing agents and
alternatives underline that nitrite (or nitrate with
culture) stabilizes pigment but may form N-
nitroso compounds, so mitigation relies on
reductants/antioxidants and process control; at the
same time, studies demonstrate that adjusting
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additive systems and peptide-rich ingredients can
slow a* decline and limit TBARS rise in sausage
models, although responses are matrix-specific
and require dose-response verification under the
intended thermal/light regime [11, 12].

Cranberry  (Vaccinium spp.) provides
phenolic acids, proanthocyanidins, and flavonols
with radical-scavenging and metal-chelating
capacity; across meat systems, results show that
fruit-derived phenolics reduce TBARS by
approximately 20-50% at realistic addition levels
and attenuate a* decline, with the magnitude
depending on pH, salt, fat, and light. In fermented
venison sausage, adding freeze-dried cranberry
significantly depressed TBARS versus control
during ripening/storage (p < 0,05) and preserved
heme-iron at day 90 (approximately 21,5 mg/kg),
indicating slower oxidative colour drift.
Independent work reports that 5 g/kg cranberry
powder improved colour and reshaped microbiota
(dominance of beneficial LAB/staphylococci
during fermentation), providing a plausible
mechanistic link to redness retention [13-15].

Accordingly, the present study quantifies
how graded cranberry powder modulates L*, a*,
b* trajectories and colour stability (AE) in cooked
sausages formulated with protein hydrolysates
under controlled light exposure,

Materials and methods

Cooked sausage products produsced with
low-value animal by-products were prepared at
the Educational and scientific center of meat
processing of Almaty Technological University.
As the control, was adopted the formulation and
manufacturing process of the Centre’s “ATU-
skaya” cooked sausage. The “ATU-skaya” cooked
sausage, in turn, had been developed on the basis
of the “Otdelnaya” cooked sausage in accordance
with GOST 31785-2012.

For the experiments, the primary raw
materials for the cooked sausages—beef, poultry
meat, and bovine visceral fat—were procured
from local suppliers at the “Green Bazaar”
(Almaty). Each lot of raw materials was
accompanied by a veterinary certificate
confirming wholesomeness and compliance with
sanitary requirements. In addition, common
cranberry and bovine fetlock joints were
purchased as sources of functional ingredients.

Bovine fetlock joints were used to obtain a
collagen protein hydrolysate. The raw material
was thoroughly cleaned and washed, then cut into
pieces of approximately 80-100g. Defatting was
performed at 60-65°C for 45-50 min, after which
the semifinished material was cooled to 45°C.
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Enzymatic hydrolysis was carried out at 45°C for
24 h using the BLT-7 enzyme complex (1%).
Enzymes were inactivated by holding the
hydrolysate at 95+2°C for 30 min. The resulting
protein hydrolysate was dried (inlet air 135—
140°C; outlet air 85-90°C) and subsequently used
in the meat systems.

Cranberry was employed as a source of
natural antioxidants. The berries were first dried
in dedicated drying equipment (FD1104,
Redmond, Russia) under parameters optimised to
preserve polyphenols and vitamin C (t = 40-45°C,
T = 12-16 h). The dried berries were then milled
to a homogeneous powder using a knife mill
(Grindomix GM 200, Retsch, Germany) and
incorporated into the cooked-sausage
formulations.

The manufacturing process for the cooked
sausages began with deboning and trimming of
the meat raw materials. Prepared meat and raw
beef fat were coarsely minced (particle diameter
6mm) on a grinder (CE 660F, la Minerva, Italy).

Salting was performed with holding att =2 + 2°C
for 8-12 h. The raw mix was then transferred to a
bowl cutter (K30Neo, Talsa, Spain). During
cutting (t = 12°C, T = 5 min), spices, ice, and
functional additives (collagen hydrolysate from
low-value by-products and cranberry powder)
were added to the batter. The finished batter was
stuffed into casings under pressure (P = 0,8x10°
Pa). The loaves were rested (t = 2 h, t = 0-4°C).
Thermal processing was conducted in a universal
smoke-cooking chamber (UK-3\1M100,
Tekhtron+, Russia) and comprised roasting (t =
80-100°C, t = 65-140 min) followed by cooking
(t = 76-85°C, t = 50-150 min). Thereafter, the
products were cooled to a product temperature of t
= 0-15°C in a chilling room set to t = 8°C for T =
50-150 min.

The formulation of cooked (boiled) sausage
products developed using low-value by-products
is presented in Table 1.

Table 1. Formulations of experimental cooked sausages using low-value by-products

Ingredients ?gg:ﬁlris Sample 2 Sample 3 Sample4 | 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 10 10 10 10

low-value by-products -

Cranberry powder - - 1 2 3

Spices, g per 100 kg

Salt 2000 2000 2000 2000 2000

Sugar 100 100 100 100 100

Sodium nitrite 5 5 5 5 5

Black pepper 50 50 50 50 50

Nutmeg 25 25 25 25 25

Colour characteristics of the cooked sausages
were determined using a spectrophotometer (CM-

2300d, Konica Minolta, Japan). Prior to
measurements, the instrument underwent standard
preparation and two-point calibration (zero

adjustment and the certified white calibration tile
from the kit) strictly following the manufacturer’s
manual. For each formulation, two disc-shaped
slices (“plugs”) were cut from different parts of the
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loaf; for each slice, three consecutive readings were
taken and then averaged. Colour was evaluated in
the CIE Lab* system in Cartesian coordinates: L*—
lightness; a*—red/green component (values > 0
correspond to a red hue); b*—yellow/blue
component (values > 0 correspond to a yellow hue).
In addition, colour stability after light exposure was
calculated.
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Sampe  Sampj,  Sampje  Sampj,  Sampje
1 2 3 4 5

Figure 1. Samples of experimental cooked sausages during light exposure

The samples were exposed under an incandescent lamp for 60 minutes, after which the coordinates
were re-measured. Colour stability (%) was computed according to:

L1-L2 al—-a2 b1-b2
Y= (1 N (l 3xL1 l + (l 3xal l) + (l 3xb1 l)) x 100, %) OF

where L1, a1, bi are the values before exposure and Results and discussion
Lo, a2, b2 are the values after exposure. All colour data were aggregated across

All laboratory tests were carried out at the replicates and analysed descriptively to enable a
Research and Testing Center of the Federal comparative assessment of the formulations. Pre-
Research Center for Food Systems named after V. exposure L*, a*, b* means (£SD) are reported in
M. Gorbatov, Russian Academy of Sciences Table 2, whereas post-exposure coordinates and
(accredited by the Federal Service for the computed colour-stability (%) are provided in
Accreditation; certificate No. RA.RU.21I1I169). Table 3.

Table 2. Lab* system colour coordinates of experimental cooked sausages

Sample name L*—lightness a*—red/green component | b*—yellow/blue component

Sample 1 (Control) | 42,65+1,47 16,75+0,84 16,23+0,72

Sample 2 48,39+0,97 14,1640,31 16,43+0,82

Sample 3 47,68+0,84 11,8240,34 16,42+1,03

Sample 4 47,39+0,78 12,66+0,62 17,05+0,77

Sample 5 44,18+0,92 13,3240,36 17,57+0,07

As can be seen from Table 2, the addition of respectively), remaining below the control level.
hydrolysate (Sample 2) lightened the product: L* The yellowness b* increases monotonically from
increased from 42,65+1,47 to 48,39+0,97, with a 16,42+1,03 to 17,57+0,07, indicating a shift in
simultaneous decrease in redness a* from tone towards a more warm color. The lightness L*
16,75+0,84 to 14,16+0,31 and a slight increase in decreases with an increase in cranberry relative to
yellowness b* from 16,23+0,72 to 16,43+0,82. Sample 2, i.e., cranberry partially compensates for
With further addition of cranberries, a nonlinear excessive lightening, but even at 3% L* it
reaction is observed: at 1% (Sample 3), a* reaches remains higher than the control. The noted
a minimum of 11,82+0,34, after which it partially differences in a* and L* exceed the typical
recovers at 2-3% (12,66+0,62 and 13,32+0,36, measurement spread (St.d. of about 0,2-1,5),
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which indicates technologically significant shifts.
At the same time, for b*, the effect of cranberries
manifests itself as a steady increase with dose.
Taken together, the results show that the
hydrolysate itself makes the minced meat lighter

and less “red,” while the addition of cranberries
reduces redness and increases yellowness in a
dose-dependent manner, with a tendency toward
saturation, while simultaneously pulling L*
toward the control level

Table 3. Post-exposure Lab* system colour coordinates and calculated colour stability

Sample name L*_lightness a*—red/green b*—yellow/blue | Colour stability AE,
component component %
Sample 1 (Control) | 42,38+0,53 14,18+0,88 19,7140,15 87,65
Sample 2 47,75+0,58 10,98+0,42 20,22+0,28 84,67
Sample 3 46,91+0,56 9,36+0,42 18,66+0,87 88,28
Sample 4 45,05+0,71 10,79+0,64 18,7840,71 89,63
Sample 5 42,88+0,48 11,66+0,25 20,05+1,52 90,24

The data after light exposure demonstrate
consistent shifts in color coordinates and dose-
dependent stability dynamics. All samples showed
a decrease in a* (red fading) and an increase in b*
(yellowing), while L* changed moderately. The
lowest color stability was observed in the sample
with hydrolysate only (Sample 2 — 84,67%),
accompanied by the greatest loss of redness (a*—
10,98+0.42) and one of the highest b* values
(20,22+0,28). The addition of cranberries against
a background of 10% hydrolysate consistently
improved stability with a maximum in Sample 5
— 90,24%. At the same time, in the cranberry
variants, the decrease in a* becomes less
pronounced (to 11,66+0,25 at 3%), and the

increase in b* is limited (18,66-20,05), which
indicates  partial  inhibition of  pigment
photodegradation. The control (Sample 1) is
characterized by average stability (87,65%) and a
pattern typical for exposure: a moderate decrease
in a* (14,18+0,88) with an increase in b*
(19,71%0,15). In summary, the results confirm that
the hydrolysate itself reduces light stability, while
cranberry increases the color stability of sausages
in a dose-dependent manner.

Based on experimental data, a second-order
quadratic model was constructed for the response
Y = Color stability, % according to the factors: Xi
= hydrolyzed collagen, % and X. = cranberry
powder, %:

Y = 87,6515 — 0,2849 X; + 4,0799 X, — 0,0006 X? — 0,0007 X, X, — 0,756 X2.

The model describes the data with virtually
no bias: R2 = 0,9949; Rz adj = 0,9913;

Residual variance MS. = 0,0536, which
corresponds to RMSE = 0,232 p.p. of color

stability. This is less than the intergroup shifts
observed when factors change (usually 1-4 p.p.),
i.e., the differences are technologically significant
and well separated from noise.

(1)X2 Cranberry powder %(L)

-27'15

(2)X1 Hydrolyzed collagen %(L)

-15,2856

X2 Cranberry powder %(Q)

-11,3777

X1 Hydrolyzed collagen %(Q) -,16/1037
1Lby2L -,050431
p=,05

Figure 2. Pareto Chart of standardised effects of factors on Colour stability
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According to the Pareto chart, it can be seen
that the strongest contribution is made by the
linear effect of cranberry Xz(L) with a positive
sign (+27,15; p<0,05). This is followed by the
linear effect of hydrolysate Xi(L) with a negative
sign (—15,29; p<0,05). The quadratic effect X2(Q)
(-11,38; p<0,05) is also significant, indicating

o, Raas 10\00 VN

saturation of the cranberry effect with increasing
dose. The quadratic term X:(Q) and the interaction
Xi1xXo are statistically insignificant (|t[<threshold),
which is consistent with the visual trend: the
effect of cranberries is almost independent of the
hydrolysate level in the studied range.

B 92
B <o
[] <89
I <87
Bl <85
Bl <83
Bl <38

Figure 3. 3D Surface Plot of Color stability () against hydrolyzed collagen (X1) and cranberry powder (X2)

The 3D surface and contour maps show a
monotonic decrease in Y as Xi increases and a
convex shelf along X.. Canonical analysis gives a
stationary point outside the acceptable range for Xi,
so the optimum in the working range is achieved at
the boundary of the minimum hydrolysate.
According to the model at X: = 0%, the maximum
along X. is achieved at around 3,0%, with a
prediction of Y = 93,1-93,2%. This is consistent
with the actual points and the consistent
deterioration as X increases.

Analysis of the research results shows that the
addition of collagen hydrolysate lightens the product
and simultaneously reduces redness. Scientists in
similar studies explain this phenomenon by the fact
that there is an optical “dilution” of the red pigment
and an increase in light scattering due to the
redistribution of the dispersed phase and the
formation of a more homogeneous gel matrix, which
raises L* and shifts the reflection spectrum towards
warm tones with an increase in b*. In addition, with
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a more “transparent” matrix and lower effective
pigment concentration, the systems become more
sensitive to photolysis and oxidation of myoglobin
chromophores, which accelerates the drop in a*
under light and reduces the integral color stability.
This vector of effects has been confirmed by other
researchers: partial replacement of fat with gelatin or
collagen-containing gel systems led to an increase in
L*, an increase in b*, and a decrease in a*, with the
mechanism being directly linked to a reduction in
the size of fat droplets and their optical properties
[16]. Similar conclusions were obtained when
collagen fibers were added to sausages, where an
increase in lightness and a weakening of the red tone
were noted depending on the composition of the
matrix [17]. Our results are fully consistent with this
body of work: the variant with hydrolysate alone
shows maximum fading in a*, high b* values after
exposure, and the lowest stability; in the surface
response model, the linear coefficient for
hydrolysate is negative, and the quadratic coefficient
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is small, indicating a nearly linear deterioration in
stability in the range of 0-15%.

At the same time, the study showed that
adding cranberry powder to the composition of
experimental samples of cooked sausages
significantly improves the color stability of the
finished product. In their work, scientists explain this
effect by a phenolic “umbrella” of protection, which
simultaneously extinguishes free radical chains,
chelates transition metals, and thereby inhibits the
oxidation of lipids and the oxidation of myoglobin to
metforms, which retain a smaller proportion of red
tone. As a result, the rate of a* decline under light
decreases, and the total AE decreases, which
manifests itself in an increase in the calculated color
stability. This mechanism has been confirmed on
different meat matrices: the addition of freeze-dried
cranberries reduced TBARS, preserved iron, and
was accompanied by more stable color coordinates
during storage [18], and the inclusion of 5 g/kg of
cranberry powder improved color attributes and
favorably shifted the microbiota, which is indirectly
associated with a lower oxidative load on pigments
[19]. Reviews summarizing fruit phenols in meat
products record the same cause-and-effect
relationships and emphasize the contribution of
proanthocyanidins and  flavonols to  color
stabilization by suppressing lipid and protein
oxidation and protecting myoglobin [20]. At the
same time, phenolic protection typically has a
decreasing return profile: at low doses, the most
reactive “targets” are blocked, after which the
increase in effect decreases. Our quadratic term for
cranberries is negative, which mathematically fixes
such a “plateau,” and the dose grid data confirm a
decrease in stability increments from 1% to 3%. It is
also important to note that cranberries contribute
their own pigments and change the acidity of the
matrix, so along with the increase in stability under
light, there is a moderate increase in b*, which is
consistent with published observations for berry
additives.

Conclusion

The aim of the study was to quantitatively
assess the effect of the proportion of collagen
hydrolysate from low-value by-products (Xi) and
the dose of cranberry powder (X:) on the color
stability of cooked sausages after light exposure.
Color measurements were performed in the CIE
Lab* system and the integral stability index was
calculated. The full-square response surface model
in natural units described the data with high quality
(R? = 0,9949; R2 adj = 0,9913; MS_res = 0,0536;
RMSE = 0,232 p.p.). The standardized effects were
dominated by the linear positive contribution of Xo,
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while the linear effect of Xi was consistently
negative; the quadratic term X. indicated a
decreasing return with increasing dose, and the
interaction XixX> was statistically insignificant. The
surface geometry showed a monotonic deterioration
of the indicator with an increase in Xi and a “shelf”
along X, with the optimum in the working range
being achieved at the boundary with minimum
hydrolysate and X. = 3,0%, with a stability forecast
of about 90,24%. These results are consistent with
the mechanistic picture: the hydrolysate optically
“lightens” the matrix and reduces redness, while the
phenolic complex of cranberries slows down the
photodegradation of pigments and stabilizes the
color. The results obtained collectively confirm that
the addition of cranberry powder statistically and
technologically significantly improves the color
characteristics of cooked sausages. At the next stage,
it is advisable to conduct an in-depth study of the
antioxidant properties of cranberry raw materials in
the meat matrix, as well as to evaluate the
bicavailability of key components.
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