THEORY AND PRACTICE OF MEAT PROCESSING, 2023, vol. 8, no. 2

DOI: https://doi.org/10.21323/2414-438X-2023-8-2-152-161

OPTICAL-SPECTROSCOPIC ANALYSIS
OF COLORIMETRIC CHANGES IN MEAT

DURING ITS STORAGE

Available online at https://www.meatjournal.ru/jour
Original scientific article

Open Access

Received 19.05.2023

Accepted in revised 15.06.2023
Accepted for publication 20.06.2023

Aleh U. Shkabrou',* Irina M. Chernukha?, Viktar D. Raznichenka', Lyubou U. Lazovikava'
! Belarusian State University of Food and Chemical Technologies, Mogilev, Republic of Belarus
2V. M. Gorbatov Federal Research Center for Food Systems, Moscow, Russia

Keywords: autolysis of meat, colorimetric characteristics, spectrophotometric analysis, fractional composition of proteins,
microstructure of meat

Abstract

The colorimetric and spectral characteristics of meat and their changes during the period of storage were researched. It was shown
that spectral methods of analysis can potentially be used to assess the properties of meat during its storage in order to define the
degree of autolytic changes which occur in the meat along with its histological-structural and proteomic changes. The work studies
the quality characteristics of meat on the base of an array of its parameters and a correlation between them. Considerable attention
is paid to the determination of colorimetric and spectral characteristics of autolytic and other changes in meat during its storage.
The possibility of using the method of optical spectrometry for assessing the quality of meat is considered. The data obtained by
processing the absorption spectra of aqueous extracts from muscle tissue confirm the promising prospects of using this method in
a comprehensive study of the raw meat materials properties. The work proves possibility of classifying raw meat according to the
degree of its autolysis for further assessment of its colorimetric characteristics, the value of extinction coefficients and the relative
area of peaks at the wavelength A, , A, A, Aoy U Ay,
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Introduction

Color evaluation is an integral part of meat quality
research, development of a high-quality and safe food
product and elimination of errors during its processing.
Tomashevich I. B. has noted that the improvement in col-
or stability of meat and meat products is closely related to
their shelf life. It is desirable to increase the period during
which the meat is still visually acceptable to the consum-
ers in retail trade. Measuring the color of meat with a col-
orimeter or computer vision system allows evaluating its
suitability for the processing, the quality of the finished
food product, the correctness of the technological pro-
cesses, etc. [1,2]

It is known that the optical properties of meat play an
important role in color formation. The color of meat dra-
matically depends on its pH [3], the chemical condition
and amino acid sequence of myoglobin [4,5], redox pro-
cesses and interactions between muscle pigments [6,7].
However, studies [8,9,10] showed that, in addition to myo-
globin, other compounds also influence the final forma-
tion of meat color, the most significant of which are the
endogenous pigments (chromoproteids). Among meat
chromoproteids, hemoglobinogenic pigments (ferritin,
hemosiderin, bilirubin), proteinogenic pigments (melanin,

adrenochrome) and lipopigments (lipofuscin, ceroid, lipo-
chromes) are denoted.

The content of chromoproteids in meat and its optical
characteristics depend on many factors, for example, the
type of animal, its genetic characteristics, its diet, post-
slaughter changes in muscles, mode of refrigeration, stor-
age time, way of packaging, etc. [11].

As shown in the work [12], the optical properties and
color of meat can be assessed by two main methods:
chemical and physical. For an objective measurement of
the color of food products by chemical methods, the pig-
ments from the samples are extracted and their concentra-
tion is measured by a spectrophotometric method. Physi-
cal methods are based on the interaction of light with the
object of study — its reflective, absorbing or transmissive
capacity.

The optical properties of meat and meat products are
also determined by the complexity of their microstructure
and physicochemical properties. Absorption and scatter-
ing of radiation are determined by four main processes:
resonant absorption of radiation by dry matter molecules,
as well as molecules of structural and bound moisture;
scattering of radiation due to fluctuations in the density
of a substance, as well as scattering on molecules of pro-
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teins, polysaccharides, ions, etc.; scattering of radiation on
suspended colloidal particles, cells, pigment particles, etc.,
as well as scattering of radiation on optical inhomogene-
ities — capillaries, pores [13].

Thus, the correct visual and instrumental study of the
optical properties and color of meat can be powerful and
beneficial for the meat processing industry. However, this
study must be run with the help of thoroughly designed
techniques to avoid artifacts or incorrect data.

Currently, there are many options for instrumental
analysis of the optical properties and color of meat. The
most common color measuring instruments are colorim-
eters and spectrophotometers [14].

Colorimeters determine the proportions of primary ad-
ditive light sources that match the color reflected from the
sample or transmitted by the sample.

Spectrophotometers measure the amount of light of
various wavelengths reflected from the sample or trans-
mitted through the sample, resulting in a reflectance, ab-
sorption, or transmission spectrum. The transmission or
absorption spectrum of the sample can be used together
with the standard CIE observer function and the relative
spectral energy distribution of the light source to calculate
tricolor CIE XYZ values for the given sample with the se-
lected light source.

As shown by Chernousova O. V., Rudakov O. B. [15],
spectrophotometric methods for studying the optical
properties and color of meat are very promising, as they
provide accuracy and high speed in obtaining results and
are often characterized by ease of their application. Cur-
rently, there is an active introduction of instruments and
devices based on the spectroscopy principles.

The principle of operation of the devices described
above serves as basis in various portable analyzers of the
raw meat materials quality. Thus, the authors of the work
[16] described a device for the integrated measurement of
physical-chemical parameters and food color, which pro-
vides fast measurements in the standard CIELAB format.

The paper [17] presents the results of the development
of a portable color analyzer for assessing the qualitative
characteristics of poultry meat. The optical methods al-
lowed establishing a relationship between the change in
the dominant wavelength and duration of the carcasses
storage.

The papers [18,19] proved the prospects of using optical
spectroscopy for colorimetry of cognac products to detect
the fact of product adulteration.

Pochitskaya I. M. proposed to evaluate the color char-
acteristics of food products using the Adobe Photoshop
program in the RGB (red-green-blue) coordinate system,
which makes it possible to predict the color of the resulting
finished product in order to create new food products with
pre-defined color and taste characteristics [20].

The influence of broiler age on color characteristics
(lightness L*, redness a*, yellowness b*) was shown by
Janisch et al [21], who found a significant difference be-

tween the values of electrical conductivity, volume of meat
juice loss, shear force and color in meat of 28 and 41-days
old broilers.

The authors [9,22] proved that the study of meat by
optical spectroscopy methods makes it possible to dif-
ferentiate the muscle tissue of wild and domestic animals
depending on the processing conditions: freezing, water
extraction, lyophilization, and fermentation. This method
makes it possible to reveal significant differences in chang-
es in the spectral characteristics of the main components
and components of the muscle tissue and muscle fiber of
pork and beef, depending on the degree of oxidation, de-
gree of mechanical destruction, strength of myofibrils and
bond of myoglobin pigment protein with them.

Holman et al. [23] used a linear model to establish the
relationship between color values, volume of meat juice
losses, pH values, and shear forces during storage.

The high sensitivity, resolution and analytical features
of optical spectroscopy methods in the study of biological
tissues of animal origin in solid and liquid state of aggrega-
tion make it possible to obtain factual information about
changes in the spectral characteristics of their main com-
ponents.

Optical spectroscopy makes it possible to judge the
depth of destructive chemical processes at the level of all
components of biological material. Thus, as a result of stor-
ing chilled meat for a week, the myoglobin doublet disap-
pears and absorption decreases in all areas of the electro-
magnetic spectrum, while the spectrum of thawed muscle
tissue, on the contrary, lies above the spectrum of the origi-
nal sample [9, 22].

Over the past five years a lot of researches into the opti-
cal properties and color of meat have been run, but several
fundamental concepts still remain unsolved. In particular,
insufficient attention has been paid to the role of autolytic
changes in the formation of meat color during its storage.
Additional study of the fundamental relationships between
protein fractionation, histological-structural changes, and
optical properties of meat can help solve numerous practi-
cal color stabilization issues.

Thus, for deeper understanding of autolytic processes
and changes in the spectral characteristics of meat dur-
ing its storage, it is advisable to study the characteristics
of meat quality as the complex of its parameters array and
establish a correlation between them in order to improve
the methodology for meat color measuring.

Materials and methods

When constructing the experimental plan, the factors
that provide the strongest effect on the meat quality were
considered. These factors include ante-mortem and post-
mortem conditions and storage duration.

Meat raw materials. Chilled samples of the porcine rib
eye (Sus scrofa M. longissimus dorsi) were used as raw ma-
terials. Meat samples were put into storage at a tempera-
ture from 0°C to plus 4°C. Sampling and preparation of
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Table 1. Change in the color parameters of meat during its storage

Day L* a* b* Niom Color purity Saturation Color shade
1 98.29+0.2 0.97 £0.04 5.15+0.30 581.17+0.04 6.84+0.35 5.24+0.28 0.57+0.03
2 96.43+0.8 2.43+0.04 9.74+0.31 582.36+0.43 13.11+0.42 10.04+0.29 1.44+0.02
3 97.10+0.4 1.88+0.05 8.36+0.15 581.90+0.09 11.17+0.23 8.57+0.16 1.11+0.03
4 98.08+0.3 0.98 +0.04 5.26+0.28 581.14+0.04 7.00+0.35 5.35+0.28 0.57+0.03

Note: The values in the columns are statistically significantly different (p < 0.05)

samples for the analysis complied with GOST 7269-2015'
and GOST R 51447-99 (ISO 3100-1-91)*.

Determination of color and spectral parameters of
meat. The color of meat was determined in an aqueous ex-
tract of muscle tissue with the help of a spectrophotometer
PE-5400VI (LLC “Ecokhim”, Russia) in the visible wave-
length range within 340-830 nm with an increment of
5 nm. To obtain an aqueous extract, a lump of meat sam-
ples (10.00 + 0.02 g) was ground in a manual meat grinder
of the brand “Motor Sich 1 MA-s” (manufactured by JSC
“MOTOR SICH”, Ukraine), placed in a 100 ml flask and
extracted with distilled water in a ratio of 1:5 on a SHR-1D
laboratory shaker (Daihan Scientific, South Korea) for
30 min at 20 °C and stabilized with 1% gelatin solution. The
resulting extract was filtered through a folded paper filter
with a pore size of 8-12 ym and exposed to spectropho-
tometry to determine the curves of light absorption and
color. Light absorption curves were obtained in the coor-
dinates A=f(A), where A is the wavelength, nm; A is the
optical density.

The absorption bands were resolved by calculating the
second derivative. Noise was filtered out during the second
derivative analysis by approximating the absorption spec-
tra by non-uniform rational Bezier splines of various or-
ders (Non-Uniform Rational Bezier Spline, NURBS,) with
oversampling. In case of ambiguity in the interpretation
of weak signals, Savitzky-Golay Smoothing Filters (SGSF)
were used as an alternative. For a relative quantitative as-
sessment of the certain component content in an aqueous
extract, the relative peak area was used.

The color coordinates in the CIE system L* a* b*, col-
or purity, degree of saturation, color shade and dominant
wavelength A, were calculated as described in the paper
[24]. Color coordinates were represented in the CIE L*
a* b* system, which were calculated using standard light
source A.

Analysis of the fractional composition of proteins of
the longissimus porcine muscle was carried out by one-
dimensional electrophoresis in 12.5% polyacrylamide gel in
the presence of sodium dodecyl sulfate in a VE-10 chamber
(Helicon, USA). As a standard for electrophoresis, a marker
from the company “Thermo”, USA, was used, which marker
is a mixture of 11 recombinant proteins (250, 150, 100, 70,

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 April 10, 2023 (In Russian)

2GOST R 51447-99 “Meat and meat products. Methods of primary sam-
pling”. Moscow: Standartinform, 2018. Retrieved from https://docs.cntd.ru/
document/1200028183 Accessed April 10, 2023 (In Russian)

50, 40, 30, 20, 15, 10 kDa). Staining was performed by Coo-
massie G-250 followed by densitometric quantification.

Study of the histological structure of meat. Histological
examination of the sample was carried out in accordance
with GOST R 31479-2012° and GOST 19496-2013*. Slices
were evaluated using a microscope “Micromed-1 var.2-20"
(Micromed, Russia).

The pH value was determined by the potentiometric
method according to GOST R 51478-99° using a pH me-
ter “HI98163” from the company “Hanna Instruments”
(USA). Its measurement range of the active acidity of the
medium lies within from — 2.00 till 20.00 units with an
error of £0.01 units.

Statistical analysis of the results was performed using
Excel 2019 software (Microsoft, USA). The results obtained
were considered significant at p <0.05. Pearson’s correla-
tion coeflicients were calculated to evaluate any relation-
ships between various factors.

Results and discussion

Table 1 shows the changes in the main colorimetric
characteristics of chilled meat during its storage. On the
first day of storage, the lightness value (L*) was 98.29 units.
On the second day of storage the L* value of aqueous ex-
tracts from muscle tissue decreased by 1.86 units, which
was clearly visible to the human eye (color difference in
reference to the original sample AE ' =3.92 units.).

The values a* and b*, that characterize the color tran-
sitions of meat, increased by 1.46 and 4.59 units on the
second day of storage, respectively. The color of the ex-
tract increased by 6.3%, thereby approaching the spectral
(100%), as can be seen from the changes in color purity on
the second day of storage. The saturation and hue of meat
extracts also changed: from 5.24 to 10.04 and from 0.57 to
1.44, respectively.

Further storage of chilled pork samples was accompa-
nied by a monotonous increase in lightness L* almost to
the initial value. Thus, the value of L* on the third day of
storage was 97.10 units, and on the fourth day it was 98.08.
It should be noted that as the chilled meat was stored, the

*GOST R 31479-2012 “Meat and meat products. Method of histological
identification of composition”. Moscow: Standartinform, 2019. Retrieved
from https://docs.cntd.ru/document/1200097485 Accessed April 11, 2023
(In Russian)

4 GOST 19496-2013 “Meat and meat products. The method of histological
investigation”. Moscow: Standartinform, 2019. Retrieved from https://docs.
cntd.ru/document/1200107317 Accessed April 11, 2023 (In Russian)

> GOST R 51478-99 “Meat and meat products. Reference method for mea-
surement of pH”. Moscow: Standartinform, 2018. Retrieved from https://
docs.cntd.ru/document/1200028185 Accessed April 11, 2023 (In Russian)
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color difference in aqueous extracts of muscle tissue de-

creased, and on the 4™ day was equal to 0.15 units.

The values of a* and b* on the 4" day approached the
initial values and amounted to 0.98 and 5.26 units, respec-
tively. The purity of color, saturation and color shade of
meat extracts also reached their values recorded on the
first day of storage.

Such changes in colorimetric characteristics can be
explained by the influence of post-slaughter changes in
meat. On the first day of storage of chilled meat, rigor mor-
tis occurs, accompanied by peculiar changes in the histo-
logical structure of tissues and the fractional composition
of proteins [25]. With the resolution of rigor mortis and
subsequent storage of meat, its colorimetric characteristics
changed similarly to the ongoing biochemical processes.

In addition to chromoproteids there are three key
mechanisms that affect the color of meat [11]:

1) variations in the distance between myofilament lattices,
which size changes due to osmotic swelling or contrac-
tion, or due to a change of the muscle sarcomere length
[26], as a result, changing the diameter of myofibrils
and muscle fibers. The lightness value (L* value) of the
muscles increases together with a change in the diam-
eter of muscle fibers;

2) variations in the length of sarcomeres, if this is associ-
ated with changes in the diameter of myofilaments and
myofibrils;

3) variations in the sarcoplasmic proteins distribution.
Thus, the change in the color of meat occurs as a result

of the influence of post-mortem biochemical mechanisms

that occur in its tissues during storage, which is confirmed
by the results of studies of the histological structure of tis-
sues and the fractional composition of proteins.

When analyzing the absorption spectra of aqueous ex-
tracts from the muscle tissue of chilled meat during storage
(Figure 1), several absorption bands were found that are
peculiar for the biomolecules involved in color formation.

It is known from the specialized literature that 320-380 nm
is the area of absorption of unsaturated fatty acids of lipid
components; an intense broad band with a maximum in
the region of 400-430 nm is caused by the absorption of
mucopolysaccharides (glucosaminoglycans), and the mus-
cle pigment myoglobin, which provides red color to the tis-
sue. This band appears as a doublet within the visible area
at 540-580 nm [9].

The absorption spectra of the four redox species over-
lap and intersect (isobestic point) at 525 nm, and spectro-
photometric absorption at 525 nm was used to estimate the
total concentration of Mb in aqueous meat extracts.

Among the detected absorption peaks (Table 2), the
peaks characteristic of cytochromes and various redox
forms of myoglobin were identified.

Throughout the entire period of storage of chilled meat, a
hypsochromic shift of the A, absorption band by 5 nm was
observed and a slight hyperchromic effect on the second day
was observed too (Figure 1). This effect can be caused by the
fact that, as a result of biochemical processes, the viscosity of
the aqueous extract drops down and an increase in its optical
density is also observed. Thus, the shielding level of organic
compounds decreases, and they absorb more light [27].

The relative content of cytochromes (A,,) remained
practically unchanged during the storage of meat, how-
ever, on the third day there was an increase in their content
by 1.13 times in comparison with the initial content on the
first day of storage. That was confirmed by an increase in
the relative area of the A, , peak from 63.93% up to 72.29%
(Table 2). This effect could be associated with loosening of
muscle fibers, which was confirmed by the results of histo-
logical tests (Figure 3a).

The relative content of various forms of myoglobin
changed insignificantly, which could be observed within
theareaofthe_, .. peaks. The extinction coefficient of the
solution at A_,, on the second day increased by 2.18 times in
comparison with this level on the first day, which can be
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Figure 1. Absorption spectra of muscle tissue extracts
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seen from the changes in the peak height from 0.022 to
0.048 (Table 2).

Table 2. Characteristics of bands of some muscle tissue extraction

1*t day 2 day
"So s g -qﬁ) =
E 2Z= I3 E 23= Ty
L . = © . = QL . = © . =
S Sg9 B S5 =33 25
5 D TR 9 2 5 D ] o 2
<& CAR=IRY = = < a K S a == 7]
345 13.78 0.084 350 7.67 0.159
415 63.93 0.238 415 65.06 0.588
480 1.80 0.023 470 2.86 0.051
495 0.56 0.020 500 1.05 0.041
500 1.64 0.019 525 2.14 0.048
525 1.16 0.022 540 5.41 0.067
540 5.37 0.030 580 4.63 0.061
580 4.52 0.029
595 0.80 0.014
3t day 4" day
[} L
g %= s g 0= S
£ 5 E®® =3 .8 FE® =%
4 Eg¥ BE =24 Egd A
<2 &5 & = = <2 25 & = S
350 6.14 0.133 350 6.97 0.097
415 72.29 0.503 410 64.15 0.273
490 0.99 0.032 475 2.67 0.029
505 0.98 0.031 495 1.23 0.025
525 1.54 0.036 505 0.61 0.025
545 5.44 0.051 525 1.83 0.026
580 3.36 0.045 540 4.89 0.032
580 491 0.028

Note: The values in the columns are statistically significantly different
(p<0.05)

Sharp loom of the extinction coefficient on the second
day at the isobestic point of various redox forms of myo-
globin caused a hyperchromic effect, which was later re-
placed by a hypochromic effect, starting from the 3™ day.
These effects characterize an increase or decrease in the
intensity of absorption, which were caused by biochemi-
cal transformations in meat during its autolysis, which was
confirmed by the results of the analysis of the protein com-
position in meat. The results obtained do not contradict to
this assumption [28].

50 um

a

It was found that the change in the colorimetric charac-
teristics of aqueous extracts of muscle tissue occurred syn-
chronously with the change in the microstructure of the
meat, as evidenced by the data obtained from the histologi-
cal analysis of chilled pork samples.

Thus, on the first day of meat storage, an asynchronous
contraction of muscle fibers was detected with a weaken-
ing of the transverse striation and intensification of the
longitudinal striation, along with the formation of oval
contraction nodes (refer Figure 2a). Muscle fibers had an
irregular shape due to deformation changes during rigor
mortis. In muscle fibers, due to the uneven development of
postmortem rigidity, both rod-shaped and round-shaped
nuclei were observed. The different shape of the nuclei was
caused by the fact that the fibers either were not completely
contracted or were relaxed, or they were in a contracted
state. The color of the cross-section was uniform. The nu-
clei were clearly colored. The muscle fiber diameter was
80+20 pm. The fibers were arranged in a wavy pattern, ad-
joining to each other pretty tightly.

On the second day of storage of meat histological sec-
tions, some signs of resolution of rigor mortis were ob-
served. The rigidity resolution signs were accompanied by a
hyperchromic effect at A, . and A_,, wavelength, a significant
lightening and an increase in the color saturation of muscle
tissue extracts were observed too. During this period, re-
laxation of the muscle fibers was observed, although some
fibers were found in a contracted state (Figure 2b). Most of
the nuclei were elongated and well colored. Restoration of
transverse striation was found. Longitudinal striation was
clearly visible. In some places, in the nodes of contraction,
ruptures of the sarcolemma of muscle fibers were found
with the preservation of the fiber contents and its internal
structure. The diameter of muscle fibers decreased by 18.7%
and amounted to 65+15 um. The fibers were arranged
evenly, adjoining to each other pretty tightly.

On the third day of meat storage, signs of resolution
of rigor mortis were clearly expressed, which indicated
the beginning of the stage of meat maturation (refer to the
Figure 3a). Histological tissue changes were characterized
by development of destructive processes in the meat. The
onset of fiber fragmentation and loosening of connec-
tive tissue fibrous elements with their detachment from

50 um

b

Figure 2. Microstructure of meat on the first (a) and second (b) days of storage (vol. 40x)
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muscle fibers was observed. No signs of the muscle fiber
contracture were found. The fiber diameter was 40 £10 pm.
In cross-sections an enlargement of interfiber space and
increasing of microcracks number were noticeable. The
transverse and longitudinal striations were clearly visible.
In some cases, the disintegration of the sarcolemma and its
granular disintegration were found. In some places, micro-
flora foci in the form of separate diffuse overlays were de-
tected. Condensation and margination of chromatin were
observed in the nuclei; chromatin was built up under the
nuclear membrane in the shape of small lumps.

On the fourth day of storage the destructive changes
in muscle tissue were more pronounced than histologi-
cal changes on the third day of pork storage. Muscle fibers
were arranged loosely and unevenly colored. Localized
lysis was observed in some places. The number of trans-
verse slit-like ruptures of the muscle fibers integrity in-
creased along with partial preservation of the structure of
the nuclei, of transverse and longitudinal striation in frag-
ments. Homogeneous nuclei with signs of karyolysis were
found in places (Figure 3b). Due to the disintegration of
chromatin, the nuclei acquired a shadowy color of vary-
ing intensity. The transverse striation was less pronounced.
The fibers slightly increased in diameter up to 55+15 pm.
In the structure of the fibers, granular and granular inclu-
sions were locally detected. The sections revealed the pres-
ence of coccal and rod-shaped microflora in the shape of
foci and diffuse overlays. The staining of most sections was
basophilic.

Morphological changes in muscle tissue during its stor-
age were accompanied by a change in colorimetric char-
acteristics. With the resolution of rigor mortis, a slight
hypsochromic shift and hypochromic effect of some peaks,
a decrease in the number of absorption bands, and dis-
coloration of aqueous extracts, which was expressed as a
decrease in redness a* and yellowness b*, were observed
(Table 1).

The data obtained indirectly pointed to the proteo-
lytic destruction of protein structures, as a result of which
muscle fibers got loosened and fragmented, and muscle
proteins extracted into the solution shifted the color co-
ordinates. It is known [29] that during autolysis meat
proteins undergo a line of changes, like aggregation and

a

partial decomposition, which was confirmed by the results
of studies of the proteins fractional composition.

Identification of the protein composition of raw ma-
terials is a very important aspect, since it allows you to
directly determine the qualitative composition of the fin-
ished product. The use of the electrophoretic method at the
initial stage of research makes it possible to evaluate the
quantitative and qualitative distribution of structural and
tissue-specific protein molecules; evaluate the influence of
autolytic processes, etc.

As a result of the analysis of 1D electropherograms
of meat proteins (Figure 4), differences in the fractional
composition of proteins and their concentration, deter-
mined by the color intensity of the protein zones, were
found.

On the 1D electrophoregram (Figure 4), the areas
were marked in yellow where changes in the protein
structures and their relative content during storage were
assessed by changing the color staining intensity of the
protein zones.

Standard

Mm, kDa 2 day  39day 4% day

1** day

10

Figure 4. Electrophoregram of Sus scrofa M. longissimus dorsi
proteins during their storage

b
Figure 3. Microstructure of meat on the third (a) and fourth (b) days of storage (vol. 40x)
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The proteins of the identified zones had a different
origin according to the database [30], and were identified
as connective tissue, myofibrillar proteins and metabolic
proteins.

As can be seen from the Figure 5 above, the relative
content of protein fractions with a molecular weight in
the area of 110-291 kDa (area I on the electropherogram,
Figure 4), 51-67 kDa (area II on the electropherogram,
Figure 4), 20-42 kDa (area III on electrophoregram, Fig-
ure 4) and 10-18 kDa (area IV on the electrophoregram,
Figure 4) changed in different degree, depending on the
duration of meat storage.

It was revealed that in the process of rigor mortis, evi-
denced by the results of histological studies (Figure 2), on
the first day of storage the relative content of high-molec-
ular fractions I and II of proteins increased along with the
decrease in the average molecular fraction III (Figure 5).

During the further storage, the amount of macromolecu-
lar structures of fraction I increased from 13.26% to 15.27%.
In fraction III, an inverse dependence was observed. It was
noted that during the storage of meat, the amount of low
molecular weight proteins increased, as it was confirmed by
changes in the intensity of the protein zones of the fraction
with a molecular weight within the area of 10-18 kDa (re-
gion IV on the electropherogram, Figure 4).

These changes indicated the processes of autolysis that
occurred in the meat, as a result of which changes in vari-
ous protein structures occurred in parallel, such as aggre-

gation and partial decay. Autolytic changes in the meat
were confirmed by the results of histological studies.

Based on changes in the color intensity of protein bands
with a molecular mass of 239-248 kDa and 205-213 kDa,
it is possible to come to assumption about changes in the
myosin fractions, which does not contradict to the re-
searches [31, 32]. Thus, as a result of autolytic processes,
a decrease in the relative amount of the myosin fraction
by 13.9% was observed on the second day of storage. This
could be caused by the development of rigor mortis and
the formation of complexes between F-actin and myosin
that characterizes it. The subsequent increase in the rela-
tive content of protein fractions II and IV up to the fourth
day of storage clearly evidenced the destruction of actomy-
osin molecules and myosin aggregates down to their heavy
chains (200-223 kDa) and light chains (16-20 kDa).

It was noted that the change in the relative content of
various protein fractions was accompanied by an increase
in redness a*, yellowness b*, in purity, color saturation and
extinction coeflicient at the isosbestic point of various re-
dox forms of myoglobin by almost 2 times.

As the relative content of fraction II increased on the
third day of storage (10.92%) at the same moment the
number of absorption bands in aqueous extracts of muscle
tissue dropped down from 17 to 8.

An increase in the color intensity of the protein zones
with a molecular weight of 52-67 kDa and concomitant
changes in the color intensity of the protein zones of the
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Figure 5. Change in the relative content of proteins in the various fractions:
I — 110-291 kDa, II — 51-67 kDa, III — 20-42 kDa, IV — 10-18 kDa
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fraction with a molecular weight in the area of 27-33 kDa
could indicate changes with desmin (53 kDa), vimentin
(54 kDa), glucose-6-phosphate isomerase (63 kDa) and
tropomyosin (33-28 kDa). The change in color intensity
of zones with a molecular weight within 30-33 kDa and
17-19 kDa evidence the troponin changes.

The dynamics of changes in fractions III and IV
(Figure 5), which is represented by troponins and cy-
tochromes, had a strong correlation with the change in
the extinction coeflicient of the muscle tissue extract
at \410-415 (R=0.94).

Softening and loosening of meat during the beginning
of the ripening stage on the third day is caused by a weak-
ening of the structure of myofibrils due to the degradation
of desmin (50-53 kDa), and intramuscular connective tis-
sue under the action of calcium ions [25].

Upon reaching the maximum value (10.92%) on the
third day, the mass content of proteins with a molecular
weight of 51-67 kDa (Figure 5) started dropping down till
10.77% on the fourth day, which coincides with the onset
of the resolution of rigor mortis according to data of histo-
logical analysis (Figure 3).

As can be seen from the data presented above, during
storage the high-molecular protein substances decom-
posed partially or completely and formed the medium-
molecular and low-molecular fractions.

The longer the meat was stored, the more protein sub-
stances went into solution during water extraction. Dur-
ing intermolecular interaction in an aqueous solution,
fractions of various proteins formed aggregated particles,
which were subsequently removed during filtration, which
became the main reason for the clarification of aqueous ex-
tracts of muscle tissue.

As a result of the analysis of the histological struc-
ture of meat and the fractional composition of proteins,
an average and strong negative and positive correlation
(R=minus 0.98 ... 0.86) was found between the color
intensity of protein zones with a molecular weight of
159-167 kDa, 94-97 kDa, kDa, 52-65 kDa, low molecu-
lar weight fractions of the area III and IV (Figure 5) and
muscle fiber diameter. This dependence indicates that
changes of muscle tissue structure are strongly influenced
by changes in myofibrillar proteins, primarily myosin, tro-
ponin, desmin, calpastatin, as well as pyruvate kinase and
cathepsins [31,33].

The dynamics of changes in color purity, degree of satu-
ration, color shade, as well as the values of a* and b* possess
a strong correlation with changes in the relative content of
protein fractions with a molecular weight within the area
of 205-213 kDa, 82-85 kDa, 56-58 kDa, 40-42 kDa and
below 27 kDa, which could evidence the involvement of
fractions of endoenzymes, cytochromes, myoglobin, and
troponin in color transitions, which is consistent with the
results of studies [34]. Thus, a change in the colorimetric
characteristics of a* and b* could indicate the transforma-
tion of chromoproteids and some other proteins, which is

confirmed by the results of densitometric analysis of pro-
teins.

When storing the chilled meat, a correlation was found
between lightness (L*) on the one hand, and histostructur-
al changes and changes in fractional composition of pro-
teins on the other hand (R= -0.81 and 0.98, respectively).
It was found that a change in the relative content of pro-
teins with a molecular weight of 205-213 kDa, 82-85 kDa,
56-58 kDa, 40-42 kDa and below 27 kDa led to a change
of lightness (L*) (Table 1). This dependence evidenced to
participation of other proteins in color formation, except
for myoglobin. Thus, the colorimetric characteristics of
aqueous extracts from muscle tissue were affected by a row
of factors.

When running the experiment, it was assumed that the
myoglobin protein can act as a kind of “indicator”, as its
color intensity can depend on pH value. In order to con-
firm this assumption, aqueous extracts of meat and myo-
globin solutions were prepared. pH of these solutions was
changed and the color difference was observed. The pH
ranged from 3 to 9 units.

As a result of the experiment, it was found that when
the pH value of aqueous extracts of meat and myoglobin
solutions changes from 5 units up to 7 units the value of
AE,,, did not exceed 0.2 units. The color difference in-
creased only when the pH was decreased down to less than
3 and when it was increased up to more than 9 units, which,
possibly, occurred as a result of conformational changes in
protein molecules. The obtained results prove that changes
in the optical properties of myoglobin solutions and aque-
ous meat extracts are affected by conformational changes
in proteins rather than by the pH value.

The obtained data do not contradict to [11,32]. So the
variation of the pH value is accompanied by a change in
the scattering of light within the structure of the muscle
fiber. The increase in light dispersion explains why the sur-
face of the meat looks paler. Thus, the meat surface looks
pale in muscle with a low pH value (pH 5.4-5.7) and looks
dark in a muscle with a high pH (more than 5.8 units).

Thus, the pH value provides only an indirect effect
on the meat color and extracts obtained from it. The ob-
tained results confirm that not only chromoproteids, but
also myofibrillar proteins are involved into meat color
formation.

Changes in the native structure of proteins during stor-
age affect the shielding of biomolecules, which, in its turn,
affects the color of meat. Thus, the analysis of the color of
meat extracts allows full evaluation of its quality character-
istics and better understanding the biochemical processes.

Conclusion

In addition to the classical methods of meat qual-
ity analysis, the spectrophotometric analysis of aqueous
extracts of muscle tissue is quite promising and reliable
method, since the changes of optical characteristics in raw
meat evidence the biochemical processes in meat. Analysis
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of the absorption spectra showed that the extinction coef-
ficients and the relative area of the peaks at A e 7\525, )\5 -
A, and A significantly correlated (R>0.8) with histo-
logical and structural changes and the relative content of
proteins like troponins, cytochromes, endoenzymes, and
myoglobin.

It was determined that during the storage of raw meat,
changes in optical characteristics take place along with the
typical changes in the composition of proteins components
and histological structure of tissues. The effect of autolytic
changes on the colorimetric characteristics of meat was
confirmed.

In accordance with the recommendations of the Inter-
national Commission on Lighting CIE, the values of true
color for chilled meat were determined in dependence to
its shelf life.

The possibility of applying the method of optical spec-
trometry of meat to determine the quality of meat is evalu-
ated. The data obtained by processing the absorption spectra
of aqueous extracts from muscle tissue prove the promising
prospects of using this method in a comprehensive research
of properties of raw meat materials. It is shown that, depend-
ing on the stage of meat autolysis, characteristic changes in
the absorption spectra and color of meat take place.
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