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Abstract

The annual growth of meat production, accompanied by significant quality deterioration at all stages of the production chain,
drives the development of fast and highly accurate control methods. The work is devoted to the adaptation of the spectrophotomet-
ric method for assessing pork quality based on the analysis of muscle tissue extracts. The purpose of the work is to generalize and
systematize knowledge about spectrophotometric analysis and the application of this method for pork quality control during stor-
age. The work provides a comparative spectrophotometric assessment of various methods for extracting protein and non-protein
components of pork muscle tissue. Aqueous, buffer, NaCl and KCI extracts of muscle tissue were studied, their absorption spectra
in the wavelength range of 315-1000 nm were analyzed. It was found that KCI and NaCl extraction ensured the maximum degree
of myofibrillar and sarcoplasmic protein extraction, and also formed the most pronounced and stable spectral peaks. Particular
attention was paid to the analysis of KCI extracts demonstrating the best resolution and clarity of spectral curves, which is impor-
tant for a detailed study of changes in muscle tissue properties during storage. During meat storage, statistically significant changes
in the intensity and geometry of key spectral peaks (A355_335 Ass5 Aajo_a15 Msas Nsso Msro-6200 Ness—a50) Were revealed, which were
simultaneous with histostructural transformations of muscle tissue. A high correlation was established between the change in the
area of minor peaks and the dynamics of muscle fiber diameter, which allows using spectral characteristics as objective indicators
for the degree of changes in muscle tissue at the cellular and molecular levels during storage. The results obtained confirm the fea-
sibility of using spectrophotometric analysis of KCI extracts for an objective assessment of meat quality and monitoring its changes
at various stages of storage.

For citation: Raznichenka, V. D., Shkabrou, A. U., Lazovikava, L. U. (2025). Development of a spectrophotometric approach
for assessing pork quality during storage. Theory and Practice of Meat Processing, 10(2), 237-246. https://doi.org/10.21323/2414-

438X-2024-10-3-237-246

Introduction

Global meat production has more than tripled over
the past 50 years and currently amounts to approximate-
ly 370 million tons per year [1,2]. With increasing pro-
duction, meat quality remains a key factor in consumer
choice. However, significant quality deterioration and
losses occur at all stages, from production to consump-
tion of food products. The share of meat losses worldwide
varies from 14 % to 20 % [3,4]. Significant losses occur at
various stages before and during slaughter, and quality de-
terioration occurs throughout the whole food distribution
chain [3]. One of the main reasons for this is the insuffi-
cient development of a quality control strategy, as well as
the limited use of modern analytical methods due to the
requirements for the use of traditional approaches. This is
due to the lack of adaptation and metrological evaluation
of new methods [5].

As noted by the authors [6], traditional methods of
meat quality assessment based on physical and chemical
analytical approaches retain the status of standard ones,
however, they have significant limitations, such as inva-

siveness, labor intensity and duration [7], which compli-
cates their use in express control systems in production
environment [8].

In a critical review by Chen et al. [9], it is shown that in
order to overcome the limitations of traditional methods
and ensure effective quality control of meat at all stages of
production and distribution chain, it is necessary to de-
velop and implement appropriate innovative analytical
systems. Such systems should be high-sensitive, compact,
integratable into production processes, non-invasive and
economically feasible.

An analysis of scientific papers published from 2015 to
2025 on the topic of meat quality and its detection meth-
ods showed a shift in emphasis towards non-invasive
and high-precision technologies, such as hyperspectral
imaging (HSI) [10], Raman spectroscopy [11], ultraviolet
(UV) spectrophotometry [12], visible and near infrared
(VIS-NIR) spectroscopy [13]. The methods described by
the authors allow for multiparameter analysis (water, fat,
protein content, freshness) with minimal data processing
duration and the ability to integrate into production lines.

Copyright © 2025, Raznichenka et al. This is an open access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(http://creativecommons.org/licenses/by/4.0/), allowing third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the
material for any purpose, even commercially, provided the original work is properly cited and states its license.
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According to the study by Ayaz et al. [14], the use of
hyperspectral imaging (HSI) to detect meat adulteration
demonstrates a fairly high accuracy (94 %), which is sig-
nificantly higher than most traditional methods. By inte-
grating spectroscopy and visualization, this technology
allows for simultaneous acquisition of spectral and spatial
data, which significantly expands the capabilities of meat
quality and safety assessment. But despite the progress of
HSI technology, it has a number of significant disadvan-
tages: a large volume of data, which complicates process-
ing and application in real time; high cost of equipment,
which limits widespread implementation; labor-intensive
calibration and updating of models, which require signifi-
cant resources [15].

As shown in a review by Pchelkina et al. [16], Raman
spectroscopy allows predicting the quality indicators of
meat raw materials with a high degree of reliability and
obtaining a large amount of information about the object
without its destruction. The method allows to evaluate the
sensory indicators, autolytic changes, spoilage, authen-
ticity of raw materials, technological properties, protein
structure, fatty acid composition, as well as the differentia-
tion of muscles and tissues [17]. An important advantage
of the method is the comparability of the obtained results
with the data of traditional analytical methods. However,
despite the advantages of this method, there are also some
disadvantages, including the complexity of the equipment
and data interpretation, as well as limited availability.

The advantages of using visible (VIS) and near infrared
(NIR) spectroscopy in the meat industry are thoroughly
described in the works by Nechiporenko et al. [18], Wu et
al. [19], Tang et al. [20]. The method is successfully used
to analyze the composition of muscle tissue, describe the
destructive processes occurring during aging, cooling,
freezing and storage, as well as for the simultaneous deter-
mination of several meat quality parameters, identifying
the fact of adulteration, determining the moisture, protein,
and fat content, pH, freshness of beef, lamb, pork, chicken
and seafood.

Despite the fact that VIS-NIR spectroscopy is a promis-
ing tool for monitoring the quality and safety of meat, it
requires taking into account the specifics of the samples,
numerous physical and chemical experiments before
modeling, optimization of models, and has some limita-
tions [21]. Wang et al. noted [22] that for a comprehensive
assessment of meat quality, NIRS should be combined with
other non-destructive methods to increase its efficiency.
The works by Zheng et al. [23] and Cheng et al. [24] em-
phasize the need for efficient extraction of spectral infor-
mation, increasing the signal-to-noise ratio, and proper
processing of the obtained spectral data to eliminate errors
in their interpretation.

Pre-processing of spectral data to improve predictive
performance requires the correct choice of appropriate
mathematical methods, depending on the objectives [25].
The main goal of pre-processing in spectroscopy is to re-

duce the influence of scattering and noise in order to iso-
late the part of the spectrum associated with chemical,
physical or biological properties of the studied object.
For example, the Savitzky Golay Smoothing Filter (SGSF)
method is widely used to eliminate high-frequency noise
interference and preserve the peak shape [26]. Cubic spline
fitting (CSS) is used to smooth spectra and reduce random
noise. The use of first and second derivatives may elimi-
nate the influence of systemic background, such as base-
line drift, and increase the resolution of overlapping ab-
sorption bands, which allows revealing hidden peaks and
improving the identification of chromophores [27]. More-
over, averaging and centering are also common methods of
spectral pre-processing.

Modern advances in spectrophotometry, including
the use of visible (VIS), near infrared (NIR) and ultravi-
olet (UV) ranges, as well as integration with chemomet-
ric methods, bring new opportunities for analyzing the
structure and composition of muscle tissue. However, as
the analysis of publications in this area has shown, today
there is no common spectral database for meat raw mate-
rials, and there are no standardized methods for conduct-
ing research and processing the results. Thus, the use of
spectroscopic and spectrophotometric methods is a new,
promising and relevant area of research in the field of meat
quality.

The purpose of this study is to adapt the spectrophoto-
metric method for assessing autolytic changes and moni-
toring the quality of meat during storage. To achieve this
goal, it was proposed to use muscle tissue extracts, since
spectroscopy of a piece of meat only evaluates its surface
properties, which leads to multiple errors and unreliability
of this approach. Therefore, one of the objectives of this
work was to determine the optimal extractant for the isola-
tion of protein and non-protein components, suitable for
spectrophotometric analysis of meat quality during stor-
age, because sarcoplasmic, myofibrillar and matrix pro-
teins of muscle tissue have different solubility depending
on their structure and environmental conditions [28,29].

Objects and methods

The objects of the study were chilled samples of pork
longissimus muscle (Sus scrofa M. longissimus dorsi)
24 hours after slaughter with a pH value of 5.82+0.20. The
meat samples were obtained from various representative
half-carcasses of crossbred pork (Yorkshire x Landra-
ce x Duroc) aged 170-180 days, weighing 77-95 kg at Slutsk
Meat Processing Plant JSC, Republic of Belarus, and deliv-
ered to the laboratory in an isothermal bag within one hour
after sampling. The meat was packed in polyethylene bags
and stored at a temperature of 2 +2°C for 6 days. Sampling
and sample preparation for testing were carried out in ac-
cordance with GOST 7269-2015! and GOST R 51447-99

L GOST 7269-2015 “Meat. Methods of sampling and organoleptic meth-
ods of freshness test”. Moscow: Standartinform, 2019. Retrieved from https://
docs.cntd.ru/document/1200133105 Accessed August 20, 2025 (In Russian)
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(ISO 3100-1-91)*. Longissimus muscle samples were tested
according to the scheme below every day during 6 days of
storage.

Preparing aqueous meat extracts

The connective tissue and fat were trimmed, then
meat raw material was minced twice in Vitek VT-3624
meat grinder (Star Plus Limited, China) pre-cooled to
4+2°C with a grate outlet diameter of 2-3 mm. To ob-
tain an aqueous extract, a sample of the minced meat
(20.00 £0.02 g) was placed in a 250 cm? titration flask and
extracted with distilled water with a temperature of no
higher than 4+2°C (minced meat to water ratio of 1:5) on
SHR-1D laboratory shaker for 30 min. The resulting extract
was filtered first through cheesecloth folded in four, and
then through a “white ribbon” paper filter with a pore size
of 8-12 pm at an ambient temperature of 20 °C.

Preparing NaCl meat extracts

A sample of minced meat (20.00£0.02 g), prepared
according to the scheme described above, was placed in a
250 cm? titration flask and extracted with a cold (4+2°C)
isotonic sodium chloride solution with NaCl concentra-
tion of 0.9% (minced meat to extractant ratio of 1:5) on
SHR-1D laboratory shaker for 30 min. The resulting extract
was filtered similarly to aqueous extracts.

Preparing borate buffer meat extracts

A sample of minced meat (20.00+0.02 g) was placed in
a 250 cm’ titration flask and extracted with a borate buffer
(sodium tetraborate decahydrate Na,B,0O,-10H,0) with a
concentration of 0.01 mol/l, pH 9.18 and a temperature of
no higher than 4 +2°C (minced meat to buffer ratio of 1:5)
on SHR-1D laboratory shaker for 30 min. The resulting ex-
tract was filtered similarly to aqueous extracts.

Preparing KCl meat extracts

A sample of minced meat (20.00+0.02 g) was placed in
a 250 cm? titration flask and extracted with a 5% KCl solu-
tion with a temperature no higher than 4+2°C (minced
meat to extractant ratio of 1:5) with constant stirring on
SHR-1D laboratory shaker for 30 minutes. The resulting
extract was filtered similarly to aqueous extracts.

Registration of absorption spectra

Registration of the absorption spectra of the extracts
was carried out on research-grade spectrophotometers,
SE-2000 (Zagorsk Optical and Mechanical Plant, Russia)
and PE5400VI (Ekokhim, Russia). Extractant solutions
were used as comparison solutions (blank solutions). Spec-
trophotometer operation and preliminary data processing
were performed using the included software. Scanning of
the absorption spectra of the extracts was carried out in
quartz cuvettes with an optical path length of 1 cm and
wavelength range of 315-1000 nm, with a scanning step of
5 nm in the optical density measurement mode.

2 GOST R51447-99 “Meat and meat products. Methods of primary sam-
pling”. Moscow: Standartinform, 2018. Retrieved from https://docs.cntd.ru/
document/1200028183 Accessed August 19, 2025 (In Russian)

Processing of data obtained

The data obtained as a result of spectrophotometry
were averaged using Excel 2019 software (Microsoft, USA)
for each sample and presented graphically as a linear dia-
gram or spline.

When processing the spectra in OriginPro 2024 software
(OriginLab Corporation, USA), the baseline was calculated
using asymmetric least-squares smoothing. The asymmetry
factor was taken equal to 0.001. The threshold determining
which peaks are considered significant, was taken equal to
0.05. The number of iterations that the method performs to
refine the baseline was set equal to 100.

An increase in the absorption spectra resolution was
achieved by calculating the second derivative. The smooth-
ing window size was set to 0. Noise filtration during the
second derivative analysis was performed using Savitzky
Golay Smoothing Filters (SGSF). The points of window
used in SGSF method was set to 5. Peak filtration was not
applied, and all peaks found were taken into account for
turther analysis.

The following output data was obtained as a result of
the calculations described above:

1) Peak Area;

2) Percent Area;

3) Curve Area;

4) Beginning X;

5) Ending X;

6) Peak Center;

7) Peak Height;

8) FWHM (Full Width at Half Maximum);
9) Peak Centroid;

10) Total area under curve at baseline Y=0.

Histological study

To study the microstructure, 3 x3x3 cm samples were
taken from each object of study and fixed in 10 % neutral
buffered formalin solution for at least 72 hours at room
temperature. For further study, two 1.5x1.5x 0.5 cm pieces
with longitudinal and transverse orientation of muscle fi-
bers were taken from each fixed sample. The pieces were
washed with cold running water for 4 hours, then compact-
ed in gelatin (AppliChem GMBH, Germany) in ascending
concentration (12.5 %, 25 %) using TS-1/20 SPU thermostat
(Smolensk SKTB-SPU, Russia) at a temperature of 37°C
for 8 hours in each. Sections 14 um thick were prepared on
Kedee KD-3000 cryostat (Kedee, China) at a temperature
of minus 35°C. Three sections were made from each piece.
The obtained sections were mounted on glass (Minimed
LLC, Russia), stained with Ehrlich hematoxylin and 1%
aqueous-alcoholic eosin solution (BioVitrum, Russia), and
then embedded in glycerin-gelatin.

Histological preparations were studied and photo-
graphed with Axiolmaiger Allight microscope (Carl Zeiss,
Germany) using AxioCam MRc 5 video camera (Carl
Zeiss, Germany) and AxioVision 4.7.1.0 image analysis
software (Carl Zeiss, Germany).
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Statistical analysis

Statistical analysis of the results was performed using
Excel 2019 software (Microsoft, USA). Multiple compari-
sons between sample groups were performed using Orig-
inPro 2024 software (OriginLab Corporation, USA). The
results obtained were considered significant at p <0.05.

Literature data analysis

To select and analyze literature data, taking into ac-
count the degree of their relevance, scientific articles,
monographs and dissertation abstracts published between
2015 and 2025, available in scientific databases such as El-
sevier, PubMed, ResearchGate, Web of Science, Scopus,
eLIBRARY.RU, cyberleninka.ru, and CNKI (China Na-
tional Knowledge Infrastructure) were analyzed.

The search was carried out using the keywords: "meat
extract absorption spectra’, "myoglobin spectroscopy”,
"muscle tissue optical properties”, "spectrophotometric
analysis of meat", "WZEIRIYIBIBOLIE" (absorption
spectra of meat extracts), "W FOGHE2HT" (spec-
troscopy of meat proteins). The obtained information was
processed using systematic approach and logical genera-
lization.

Results and discussion

Spectrophotometric evaluation of extraction methods

As a result of comparative spectrophotometric analysis
(Figure 1), it was found that when extracting with different
extractants (distilled water, borate buffer, 0.9 % NaCl solu-
tion, 5% KCl solution), the shape and nature of the spectral
curves were almost the same in all cases. In the UV-VIS
region of the spectrum in the wavelength range of Aj;s ;0
several of the most intense (major) peaks were observed.
In the infrared region (over 700 nm), absorption was sig-
nificantly reduced, and the spectral curves were flatter.

The main difference between the obtained absorption
spectra was the different intensity due to the concentra-
tion, chemical nature and physicochemical properties of
the extracted substances and extractants [30,31]. The spec-
tra of aqueous extracts were characterized by the lowest
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integral value of optical density, since distilled water ex-
tracts only water-soluble (sarcoplasmic) proteins [32],
which are comparatively less numerous than myofibrillar
proteins [33,34]. Despite the fact that aqueous extraction
is simple and cost-effective, it is limited by the extreme in-
stability of solutions [35] and the isolation of only water-
soluble proteins, which may affect the sensitivity of spec-
trophotometric analysis.

The absorption spectra of buffer extracts had a com-
paratively higher integrated optical density compared to
the spectral profiles of aqueous extracts. This is due to the
ability of the borate buffer to extract both sarcoplasmic and
myofibrillar proteins, but the completeness of extraction
was noticeably lower than that of the KCl and NaCl ex-
tracts due to the probable formation of aggregates, which
is consistent with the results by Perry et al. [36].

KCI and NaCl extracts demonstrated the highest in-
tegrated optical density values compared to aqueous and
buffer extracts, providing stable and reproducible results
even with small pH fluctuations, since solutions of these
salts effectively extract both myofibrillar and sarcoplasmic
proteins without pronounced side effects [37], which is
consistent with the results by Vasilevskaya et al. [38], Mu-
nasinghe et al. [39].

When comparing the shape of the spectra, it was found
that aqueous and NaCl extracts had smoother spectral
curves with less pronounced (diffuse) peaks, while buffer
and KCl extracts were distinguished by clearer and more
resolved peaks. The observed differences in the spectra are
due to the ability of the extractants used to extract specific
substances of muscle tissue (proteins, nucleic acids) and
affect their optical properties, which is consistent with the
results in [32,36-39] and the Beer-Lambert law.

For a more detailed study of the obtained spectra and
an objective choice of the optimal extractant suitable for
spectrophotometric analysis of meat quality during stor-
age, a comprehensive processing of the experimental data
was carried out. In particular, preliminary processing of
the spectra, integration, as well as the search and analysis

T T T T T T 1T
350 400 450 500 550 600

L e e L IS A e A e —
650 700 750 800 850 900 950 1000

Wavelength (A, nm)
Figure 1. Absorption spectra of pork muscle tissue: (from top to bottom) KCl extract; NaCl extract; borate buffer extract; aqueous extract
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of the maxima and minima of absorption in the spectral
curves were carried out in accordance with the methods
described in [40,41].

Analysis of absorption spectra

When analyzing the absorption spectra, it was taken
into account that muscle tissue extracts are multicom-
ponent colloidal systems containing proteins, lipids, and
other biologically active compounds. It is known [42] that
the main contribution to the absorption spectra in the vis-
ible region is made by chromoproteins, such as myoglobin,
which amounts 90-95 % of all meat pigments, and hemo-
globin. Myoglobin, which contains a heme group with an
iron ion (Fe?* or Fe’*) and a porphyrin ring, exhibits typi-
cal absorption bands that depend on its oxidation-reduc-
tion state.

Deoxymyoglobin demonstrates an absorption maxi-
mum at 557 nm, while metmyoglobin demonstrates it at
503 nm. Oxymyoglobin and carboxymyoglobin are char-
acterized by double peaks (doublets): 542/582 nm and
543/581 nm, respectively. The intersection of the spectra of
all myoglobin forms at 525 nm (isobestic point) allows to
estimate its total concentration in solutions and extracts of
fresh meat [43].

An additional contribution to the spectra is made by
lipopigments (lipofuscin) [44] and heme breakdown prod-
ucts (bilirubin, biliverdin), which are active in the UV and
visible regions [45-47].

A comparative analysis of the spectral profiles of the
extracts revealed key differences due to the type of ex-
tractant. The most pronounced peaks were observed in
KCI and NaCl extracts, which is associated with the high
efficiency of extraction of myofibrillar and sarcoplasmic
proteins.

In all spectra, regardless of the extraction method,
a major peak was observed in the region of 410-415 nm
(y-band), which is characteristic of heme-containing pro-
teins (hemoglobin, myoglobin, cytochromes) and muco-
polysaccharides. This peak is associated with m— m* tran-
sitions in the porphyrin ring of heme [48,49] and serves

Table 1. Results of absorption spectra integration of different extracts

Extracts Peak center, nm Peak centroid, nm FWHM

415+1.0 411.3x1.0 30.02x+1.05
xal 545+1.0 537.3+1.0 19.15+0.67
555+1.0 556.8+1.0 10.00+0.35
580+1.0 579.1£1.0 25.00+0.88

415+1.0 411.9+1.0 28.96 +1.01
NaCl 545+1.0 538.5+1.0 38.02+1.33
580+1.0 584.0+1.0 30.15+1.06
415+1.0 413.7+1.0 28.10+0.98
545+1.0 536.3+1.0 18.89+£0.66

Na,B,0,-10H,0

555+1.0 554.8+1.0 5.00+£0.18
580+1.0 578.2+1.0 30.85+1.08
415+1.0 413.0+1.0 27.92+0.98

H,0 545+1.0 539.0£1.0 31.52+1.1
580+ 1.0 581.1+1.0 32.16+1.13
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as an indicator of the presence of these compounds in
tissues.

In the Q-range of the obtained spectra, a-band (As4,)
and B-band (A5,5), corresponding to myoglobin [50] were
distinguished, as well as some minor bands: Ay g5 Agas-
635 Noa0-645> Ne65-670-

In the near UV region (330-365 nm), peaks due to
n— 1* transitions in unsaturated fatty acids of lipids were
identified [51]. The highest intensity and resolution of these
peaks in KCI extracts confirmed the high efficiency of this
type of extraction (Figure 1).

The spectra of aqueous and buffer extracts demonstrat-
ed lower intensity of bands in the Q-range and y-band
compared to KCl and NacCl extracts, which is associated
with limited solubilization of proteins [37]. Despite the
better resolution of peaks in aqueous and buffer extracts
(Table 1), KCI and NaCl extracts provided an optimal ra-
tio of intensity and stability of spectral characteristics.

Based on the data obtained, it was concluded that KCl
and NaCl extractions are superior to other methods for
spectrophotometric analysis. Absorption maxima in the
range from 0.2 to 1.0, minimal distortions of peak geome-
try, and high reproducibility confirm the suitability of these
extraction methods. In turn, KCl extracts demonstrated
more pronounced peaks, which makes them preferable
for monitoring changes in meat quality during storage and
establishing a correlation between spectral characteristics
and tissue histostructure.

Spectrophotometric analysis of meat quality

during storage

Spectrophotometric analysis of pork KCl extracts dur-
ing six-day storage revealed consistent changes in key spec-
tral parameters reflecting autolytic processes in muscle
tissue. Figure 2 shows averaged absorption spectra demon-
strating the preservation of the general shape of the curves
with changes in peak intensity and position depending on
the storage period.

Analysis of the second derivative of the spectra allowed
to isolate and identify 125 unique peaks, including key

Peak height Peak area Percent area, % Curve area
0.78+0.03 27.05+0.95 61.49+2.15
0.07+0 1.58 £0.06 3.58+0.13
43.99+1.54
0.07+0 0.87+0.03 1.98+0.07
0.08+0 1.7+0.06 3.87+0.14
0.50+0.02 16.47 £0.58 45.24+1.58
0.07+0 2.88+0.1 7.92+0.28 36.41+1.27
0.08+0 2.25+0.08 6.17 +0.22
0.86+0.03 28.13+0.98 66.59 +2.33
0.1+0.01 2.28+0.08 5.40+0.19
42.25+1.48
0.09+0.01 0.85+0.03 2.01+0.07
0.11+0.01 2.96+0.1 7.00+0.24
0.78+0.03 24.15+0.85 61.83+2.16
0.09+0.01 3.11+0.11 7.95+0.28 39.06+1.37
0.1£0.01 3.08+0.11 7.89+0.28
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Figure 2. Average absorption spectra of pork muscle tissue KCl extracts at different storage periods

maxima: Ass 3350 Asss> Aaio-a1s> Asas Asgor Mero-6200 Mezs-es0
(Table 2). The use of the Blackman-Tukey correlogram
method in combination with the Tukey HSD test for mul-
tiple comparisons between sample groups confirmed the
statistical significance (p<0.05) of the differences in the
intensity of these peaks between sample groups formed by
storage periods.

Minor peaks at Ay,5_53s and Ay55 showed simultaneous dy-
namics with histological changes in muscle tissue (Figure 3).
In the first four days, their height, area and percent area in-
creased, correlating with muscle fiber relaxation and restora-
tion of transverse striation. By the sixth day, the peaks com-
pletely disappeared, which corresponded to the development
of the aging stage and the onset of destructive processes.

FWHM of peak at A\;,; 53 remained stable, while for
peak at A5, narrowing was observed. The hypsochromic
shift of peak centroid at A5 by the fifth day (with an un-
changed position of the peak center) indicated structural
changes in the extracted components associated with lipid
oxidation [51,52] and a decrease in NADH/NADPH le-
vel [53,54].

According to [54], NADH level decreases statistically
significantly (p <0.05) with increasing of meat storage pe-
riod. This is due to the depletion of metabolites involved in
the restoration of NADH, such as fumaric acid, creatinine

and fructose, which also decrease over time. For NADPH,
there is little direct data on post-slaughter changes in meat,
however, given its role in biochemical reactions, it may
be assumed that its amount also decreases, since meta-
bolic processes in muscle tissue cease after slaughter. The
study [55] notes that during meat storage, there is a change
in the oxidation-reduction balance, which may lead to a
decrease in the NADPH level, but specific measurements
are not presented.

A strong correlation (r=0.91) between the change in
peak area at A5 (including its percent area) and the dy-
namics of muscle fiber diameter indicated the influence of
autolytic processes in muscle tissue on the spectral proper-
ties of the extracts.

Thus, changes in the indicated values of minor peaks
at A;p5 335 and A5 reflect biochemical transformations of
extracted components of muscle tissue.

The peak of the y-band at A ;;,_4;5 associated with heme-
containing proteins and mucopolysaccharides [48,49],
demonstrated an increase in area up to the third day
(19.17 £0.64 arbitrary unit) with subsequent stabilization.
The hypsochromic shift of peak centroid (4.13+1.24 nm)
and the change in FWHM (up to 31.95+.57 on the sixth
day) reflected the degradation of glycosaminoglycans and
proteins.
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Table 2. Results of absorption spectra integration of chilled pork KCl extracts at different storage periods

({ e:ll:l) Days Peak area Perce;: ol Curve area
1 1,81+0,05 4,26+0,13 42,46+1,27
2 2,63+0,08 5,7+0,17 46,24+1,39
\ 3 5,27+0,16 7,65+ 0,23 68,92+2,07
325-335 4 6,03+0,18 10,24 0,31 58,83+1,76
5 3,06+ 0,09 6,86+ 0,21 44,63+1,34
6 — —_ —
1 2,4+0,07 5,65+0,17 42,46+1,27
2 3,16+ 0,09 6,83+0,2 46,24+1,39
\ 3 5,75+0,17 8,35+0,25 68,92 +2,07
322 4 5,02+0,15 8,53+0,26 58,83+1,76
5 2,56+ 0,08 5,73+0,17 44,63+1,34
6 — P —
1 15,14+ 0,45 35,66+ 1,07 42,46+1,27
2 17,52+0,53 37,88+1,14 46,24+1,39
\ 3 19,71+0,59 28,59+ 0,86 68,92 +2,07
410-415 4 18,89+ 0,57 32,11+0,96 58,83+1,76
5 18,25+ 0,55 40,9+1,23 44,63+1,34
6 19,81+0,59 37,03+1,11 53,51 +1,61
1 2,69+0,08 6,33+0,19 42,46 +1,27
2 2,94+0,09 6,35+0,19 46,24+1,39
\ 3 3,55+0,11 5,15+0,15 68,92 +2,07
>45 4 3,85+0,12 6,55+0,2 58,83+1,76
5 3,54+0,11 7,93 +0,24 44,63+1,34
6 4,08+0,12 7,62+0,23 53,51 +1,61
1 2,26+0,07 5,33+0,16 42,46+1,27
2 2,74+0,08 5,93+0,18 46,24+1,39
\ 3 4,32+0,13 6,27+0,19 68,92+2,07
580 4 4,01+0,12 6,81+0,2 58,83+1,76
5 2,68+0,08 6,01+0,18 44,63+1,34
6 3,52+0,11 6,57+0,2 53,51 +1,61
1 0,24+ 0,01 0,57 £ 0,02 42,46+1,27
2 1,05+0,03 2,27 0,07 46,24+1,39
\ 3 0,61 +0,02 0,88+ 0,03 68,92 +2,07
610-620 4 0,29+ 0,01 0,49+ 0,01 58,83+1,76
5 0,39+ 0,01 0,87 0,03 44,63+1,34
6 — — —
1 2,37+0,07 5,59+0,17 42,46+1,27
2 0,67 +0,02 1,44 0,04 46,24+1,39
3 3,05+0,09 4,42+0,13 68,92+2,07
Aess-os0 4 2,74+0,08 4,66+0,14 58,83 +1,76
5 1,51+0,05 3,39+0,1 44,63+1,34
6 2,35+0,07 4,4+0,13 53,51+ 1,61

FWHM Peak height Peaknc;:lnter, Peak ;ellrlltroid,
10+0,31 0,18+0,01 330+1,00 336,32+1,00
10+0,30 0,23 +0,01 330+1,00 336,66 + 1,00
10+0,31 0,37 +0,01 335+1,00 337,33+1,00
15+0,45 0,4+0,01 325+1,00 334,02+1,00
10+0,33 0,28 +0,01 330+1,00 336,52 +1,00
25+0,75 0,09 +0,01 355+1,00 359,55 +1,00

23,94+0,72 0,14+0,01 355+1,00 357,72+1,00
19,53 +0,59 0,3+0,01 355+1,00 355,57 +1,00
19,63 +0,59 0,24+0,01 355+1,00 357,28 +1,00
15+0,45 0,15+0,01 355+1,00 354,24+1,00
30,23+0,91 0,52+0,02 415+1,00 415,59+1,00
29,56 +0,89 0,52+0,02 415+1,00 412,61+1,00
29,12+0,87 0,63 +0,02 410+1,00 412,5+1,00
30,35+0,91 0,55+0,02 415+1,00 410,92+1,00
31,69+0,95 0,52+0,02 415+1,00 411,47 +1,00
31,95+0,96 0,57 +£0,02 415+1,00 411,46 +1,00
35,47 +1,06 0,07 0,01 545+1,00 541,39 +1,00
32,84+0,99 0,08 +0,01 545+1,00 543,56 +1,00
35,5+1,06 0,1+0,01 545+1,00 539,77 +1,00
34,91+1,05 0,09 +0,01 545+1,00 534,6+1,00
37,79+1,13 0,09 +0,01 545+1,00 540,04 +1,00
37,72+1,13 0,1+0,01 545+1,00 538,78 +1,00
32,11+0,96 0,07 +0,01 580+1,00 584,14+1,00
35+1,05 0,09 +0,01 580+1,00 583,38 +1,00
45+1,35 0,11+0,01 580+1,00 583,55+1,00
45+1,35 0,11+0,01 580+1,00 583,37 +1,00
30+0,9 0,1+0,01 580+1,00 582+1,00
36,19+1,09 0,11+0,01 580+1,00 585,19+1,00
5+0,15 0,02+0 615+1,00 615,05+1,00
20+0,6 0,040 615+1,00 617,24+1,00
5+0,15 0,06 +0 615+1,00 615+1,00
610+18,3 0,06+0 615+1,00 612,51 +1,00
610+18,3 0,04+0 620+1,00 615,07 1,00
10,04+0,3 0,15+0 650+1,00 643,19+1,00
15+0,45 0,04+0 640+1,00 639,31+1,00
30+0,9 0,11+0 645 +1,00 639,25 +1,00
35+1,05 0,09+0 645 +1,00 636,41 +1,00
30+0,9 0,05+0 635+1,00 637,44+1,00
40+1,2 0,06+0 635+1,00 632,97 +1,00

In the first three days, B-band (A5,5) and a-band (Agg,)
in the Q-range showed an increase in area, with the latter
being characterized by a significant (p <0.05) change in ge-
ometry (increase in FWHM and height).

It was found that the indicated processes on the a-, f- and
y-bands occurred simultaneously with histostructural chang-
es in muscle tissue and the onset of various autolysis stages.

As is the case of the minor peak at A;55, similar dynam-
ics were observed in Ay, ¢,, region, where an increase in

peak area occurred on the first day, followed by a decrease
and complete disappearance by day 6. In turn, a batho-
chromic shift of peak center by 5 nm was detected in the
indicated wavelength range while maintaining the position
of peak centroid.

A fourfold increase in FWHM and a hypochromic shift
of peak centroid (10.22+1.92 nm) in A5 45, region indi-
cated the accumulation of lipid oxidation products, which
is consistent with [52].
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A change in the integral parameters of the peaks indi-
cates an increase or decrease in the concentration of certain
substances in meat during storage. In turn, a change in the
geometry (FWHM, peak center and peak centroid) of the
peaks indicates structural and chemical changes in these
substances. The results of the study prove that, depending
on the degree of autolytic changes in muscle tissue, charac-
teristic changes in the intensity and geometry of the above
peaks occur. The use of KCI extraction in combination
with data preprocessing made it possible to establish clear
patterns consistent with histological studies (Figure 3).

The dynamics of minor peaks at A;,5 335, A555 and y-band
at Ayjo_4y5 reflected the stages of rigor mortis and meat ag-
ing simultaneously with histological transformations (res-
toration of transverse striation, relaxation and change in
the diameter of muscle fibers). Changes in the Q-range
(As450 Asgo) and Agz5_g50 region confirmed the accumulation
of oxidation products, which allows using these param-
eters as markers of oxidative spoilage. This confirms the
potential of the method for objective assessment of meat
quality, predicting shelf life and monitoring structural and
chemical changes in muscle tissue.

Conclusion
The study confirmed the effectiveness of spectrophoto-
metric analysis of pork KCI extracts for monitoring meat

© @
Figure 3. Histostructure of Sus scrofa M. longissimus dorsi muscle tissue on the first (a), third (b), fifth (c) and sixth (d) days
of storage (40x magnification)

quality during storage. It was found that KCI extraction
provides high solubilization of myofibrillar and sarcoplas-
mic proteins, forming stable spectral profiles with clearly
defined peaks. Key spectral parameters (peak area, FWHM,
peak centroid) demonstrated statistically significant corre-
lation (p <0.05) with autolytic processes in muscle tissue,
including physicochemical and histostructural changes.

The obtained data confirm that the spectral character-
istics of muscle tissue KCl extracts, reflecting the dynamics
of pigments (myoglobin, NADH), structural proteins and
other compounds interaction, serve as reliable markers of
autolytic transformations. Quantitative analysis of the in-
tegral parameters of key peaks at A55s 335, A355 Ayjo_a15> Asas
Ass0 Ae10-6200 Ne3s_650 2llows objectifying the assessment of
the autolysis degree. Integral analysis of spectral charac-
teristics allows not only to assess the autolysis degree, but
also to identify specific patterns characteristic of meat at
different storage periods.

The ability to monitor changes occurring in pork mus-
cle tissue during storage using spectrophotometry empha-
sizes its value as a tool for assessing meat quality and brings
opportunities for the development of fast and reliable
methods for quality control of meat products. However, to
fully realize the potential of the method, further research is
needed to standardize the analysis conditions and expand
the spectral characteristics databases.
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