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Abstract. The paper considers the kinetics of changes in the values of pH and temperature of beef of slaughtered Holstein
bull calfs aged 15 months during cold storage. It has been established that the rate of pH decrease during autolytic maturation
is greatly influenced by the rate of temperature decrease. This was observed in the two muscles taken as an example — m.
Longissimus dorsi and m. Semimembranosus.

A method is suggested of analysing digital images of beef muscular tissue samples in the color coordinate space to study
the beef’s color characteristics during cold storage. It has been found out that using this method, with second order polynomial
fitting, provides a mean-square approximation error of 5.6% on average from the minimum coordinate of the maximum level
of the red component of color. This suggests the objectivity of its use to assess the color of the meat.

An analytical dependence has been established between the beef color and the term of refrigeration with the use of infor-
mation technologies. In accordance with it, it has been determined that due to biochemical processes, there takes place intense
oxidation of myoglobin, which results in a dark color of the muscle tissue. In the course of time (up to 120 hours of storage),
the red color intensity increases. This is accompanied with decomposition of myoglobin forms that have appeared, and with
appearance of MbO,. When beef is stored for more than 140 hours, deeper iron oxidation begins, with formation of methyo-
globin, and the brightness of the meat decreases.

The developed method allows automating registration and processing of images of muscle tissue in real time, increases
the productivity of the assessment, and gives an opportunity to obtain reliable objective results about the meat properties dur-
ing its storage.
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AmnoTamisi. Y po0oTi ZOCiiPKeHO KIHETHKY 3MiH Ioka3HHKa pH i TeMnepaTypy suIOBHYMHH, OTPUMaHO] Bij 320010 OMUKIB
TomuTrHCEKOT OpoaY BikOM 15 MICAIB NpH XOJOAMIBHOMY 30epiraHHi. BcraHoBieHO, 0 Ha MIBUIKICTH 3MeHIIeHHs pH
IPH aBTOJITUYHOMY JI03piBaHHi, 3HAYHOIO MipOIO BIUTMBAE IIBUJIKICTh 3HW)KCHHS TEMIEPATYpPH, IO BiJCIiIKOBaHO Ha MPHK-
nani qeox m’s3iB — M. Longissimus dorsi ra m. Semimembranosus.

3amponoHOBaHO METOJMKY aHaNi3y HMU(GPOBUX 300pakeHb 3pa3KiB M’S30BOi TKAHWHH SUIOBHYMHU B KOJIPHOMY KOOPIH-
HAaTHOMY MIPOCTOP1 AJISl JOCIIPKEHHS KOJIOPOBUX XapaKTEPUCTUK SIIOBUYMHH NPH XOJOAMIBLHOMY 30epiranHi. BcranosneHo,
110 BUKOPUCTAHHS 3aIIpOIIOHOBAHOI METOJMKH, NPH 3TVIa/PKyBaHHI MOJIIHOMOM JIPYroro HOpsaKy, 3a0e3redye cepeJHbOKBa /-
paTH4YHy MOMMIIKY arpOKCHMALlii B cepefHboMY 5,6% BiJ MiHIMAJIbHOTO 3HAYCHHS KOOPIMHATH PiBHS MakCHMyMY 4EpBOHOL
CKJIJIOBO{ KOJIBOPY, 110 JO3BOJISIE CTBEP/PKYBATH PO 00 KTUBHICTH i1 BAKOPUCTAHHS AJIs OL[IHKH KOJILOPY M’sca.

BcTaHOBIIGHO aHATITHYHY 3aJIEXKHICTh MK KOJILOPOM SUTOBUYMHHU Ta TEPMIHOM XOJIOJHIBHOTO 30epiraHHs 3 BUKOPHCTaH-
HsIM iHpopMaLiifHuX TexHoorii. BianosiaHo 10 Hel BU3HaYEHO, 110 32 paxXyHOK HPOTiKaHHs 0i0XiMIYHHX MpoleciB BigOyBa-
€ThCsI IHTCHCHBHE OKHMCHEHHsS MiOrJo0iHy, 110 3abe3neuyoe TeMHe 3a0apBieHHs M s30BOi TKAHHHH. 3 4acoM, iHTEHCHBHICTh
YepBOHOTO KOJBOPY 3poctae (10 120 rogmH 30epiranHs), O CYyIPOBOIKYETHCS PO3KIAaHHIM YTBOPEHUX (HOpM MiOTIo0iHY i
nosiBoto MbO,. IIpu 36epiranni 6inpuie 140 roquH NOYMHAETHCS OLTBII TTHOOKE OKUCHEHHS 3alli3a 3 YTBOPEHHSAM METMIOTIIO-
OiHy, SICKPaBICTh M’ICa 3MCHIIIY€EThCSL.

Po3pobnena meToanka 103BOJISIE AaBTOMATH3YBATH TIPOLIECH peecTpallii Ta 00poOKH 300pakeHb M s130BOI TKAaHUHHU B pea-
JIBHOMY 4Yaci, 301IbIIIy€ MPOIYKTHBHICTh OLIHKH 1 Ja€ MOXKJIMBICTh OTPUMYBATH 00 €KTUBHI JOCTOBIpHI pe3yJIbTaTH IO Biac-
THBOCTI M’sica Py 30epiranHi.

Xapuosa Hayka i Texronoris / Food science and technology 88 Volume 12 Issue 3/ 2018


mailto:savoksamit12@gmail.com
mailto:savoksamit12@gmail.com
mailto:e.arsiriy@gmail.com
mailto:anatolyn@ukr.net
mailto:savoksamit12@gmail.com
mailto:savoksamit12@gmail.com
mailto:e.arsiriy@gmail.com
mailto:anatolyn@ukr.net

TexHonoezis i 6eaneka npodykmie xapuyysaHHsa / Technology and food safety

KonrouoBi cioBa: soBmunHa, QyHKI[IOHATBHI BIACTUBOCTI, KOJHOPOBI XapaKTEPHCTHKH, 0OpoOka KOJIBOPOBUX 300pa-

KCHb.
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Introduction. Formulation of the problem

Analysis of recent research and publications

The effectiveness of systems of monitoring the
technological process at food enterprises depends on
the timeliness of receiving information. This system
isparticularly important for technological operations
that are critical control points (CCP). For CCP, the
promptness and accuracy of assessing the controlled
parameters determine the quality and safety of manu-
factured products. Initial CCP at any food enterprise is
receiving raw materials, because the properties of food
raw materials are labile and depend on many factors.
That is why, at this stage, it is so important to have on-
line assessment of the initial functional and technologi-
cal characteristics of raw materials.

It is known that, when received at an enterprise,
the quality of meat raw material, especially in carcass-
es or half-carcasses, is usually assessed on the basis of
temperature, pH, and sensory parameters. The tempera-
ture and pH level are controlled with measuring in-
struments. And determining complex sensory parame-
ters requires workers of a certain qualification. That is
why, the sensory characteristics obtained are subjective
and contradictory. The situation is still more compli-
cated because of the fact that the sensory parameters
are the basis for determining the sanitary condition of
the surface, veterinary safety, and functional properties
of the meat — and the latter determine its further use.

At the same time, it is known that one of the most
informative sensory parameters that characterizes meat
as a complex biochemical system and is directly relat-
ed to technological properties is the color of fat and
muscle tissue. The color characteristics of muscle tis-
sue depend on the amount and state of meat’s basic
chromoproteins — myoglobin (Mb) (90% of the total
number of pigments) and hemoglobin (10%) [1]. These
proteins determine the intensity of the color of the raw
material. The biochemical state of meat chromopro-
teins is influenced by pH, the presence of oxygen in the
tissues, the level of autolytic changes. These factors are
decisive not only for pigments, but for all other muscle
tissue proteins that determine the functional and tech-
nological properties of meat. This is especially true for
beef, which has an intense red color. That is why de-
termining the color indicators of beef during cold stor-
age on the basis of a method for analyzing digital im-
ages of beef muscle tissue samples is a topical scien-
tific and practical problem. Its solution will eliminate
experts’ subjectivity and allow obtaining mathemati-
cally grounded dependences between the functional
and technological properties of meat and its color.
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The problem of operational control of the quality
indicators of meat raw materials has been relevant for a
long time. Scientists of different countries are looking
for effective express methods to assessment meat. The
possible methods fall into instrumental and organolep-
tic ones. By their underlying principles, they are classi-
fied into chemical, physico-chemical, physical, and bi-
ological. By means of special devices and reagents,
one can determine the qualitative and quantitative
composition, the state of proteins, lipids, moisture,
structural and mechanical properties, color characteris-
tics, and other parameters of raw materials and finished
products. Almost all control methods require sampling
and take time to conduct an analysis. For operational
control, express methods are needed allowing online
monitoring of the process. The most popular with sci-
entists is the spectral method of analyzing the quality
of meat products using different wavelengths.

According to Yu.G. Sazonov and K.G. Pankratov,
spectroscopy in the near infrared spectrum allows us to
determine a significant number of parameters in prod-
ucts of complex chemical composition [2]. With the
help of infrared analyzers, solid, liquid, and paste-like
products can be analyzed. This was proved experimen-
tally, and the results were compared with those of other
types of control. The authors developed methods for
processing the results of analyses with modern com-
puter programs. The same was the direction of V.V.
Zinchenko and V.A. Bogomolov’s studies [3,4] that
proved that near-infrared spectroscopy can be used to
determine the composition and properties of food
products. This determination was based on the previ-
ously accumulated data of the samples the composition
and properties of which was already known. The idea
of the infrared spectroscopy method consists in deter-
mining the composition of a sample by its spectrum
without separating the components. Different compo-
nents of the sample selectively absorb light at different
wavelengths, it means that they have unique spectra.
Thus, by the spectrum of an unknown sample, the con-
centration of components can be determined.

Bruce W. Mossa and others [5] studied whether Ra-
man-spectroscopy could be used to assess the marbling of
meat. The essence of the method was in irradiating the
sample with a laser beam with a wavelength of 785 nm and
measuring the light scattered by the surface. In this case, a
certain number of molecules on the surface of the product
become excited, and it is this energy that changes in dif-
fused light (Stokes Scattering) measured with the device.
The suggested method was used to assess the fatty acid
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composition of marbling fats and to determine the quality
of meat when stored for up to 3 days. This method can be
recommended for on-line meat quality assessment after ad-
ditional research.

N. Prieto and others used the method of near-infrared
spectroscopy [6] and computer tomography of X-rays [7] to
predict the chemical composition of meat and to classify it
according to the quality classes, and to determine the fatty
acid composition of intramuscular fat. The suggested
methods are potentially promising for using in meat pro-
cessing industry, but require establishing additional func-
tional and sensory parameters.

Fabiola Manhas and others studied the qualitative
characteristics of beef by means of nuclear magnetic
resonance spectroscopy [8]. In selected samples, senso-
ry (aroma, juiciness, tenderness) and physico-chemical
(moisture content, fat, instrumental tenderness, shear
force) parameters were analyzed with standard meth-
ods and with NMRS. In this work, Carr-Purcell-
Meiboom-Gill (CPMG) and Continuous Wave-Free
Precession (CWFP) sequences were used. The regres-
sion models were described and calculated with the
partial least squares (PLS) method using CPMG. The
results obtained allowed the authors to conclude that
the qualitative indicators assessed by standard methods
and by the prediction ones did not show significant dif-
ferences, with the confidence interval being 95%.

C. C. Correa and others [9] studied the intramuscular
fat content by means of high-performance and non-
destructive nuclear magnetic resonance. The method is
based on data on the time of spatial and transverse relaxa-
tion obtained with continuous wave-free precession
(CWEFP). This method makes it possible to estimate the fat
content of beef quickly and conveniently.

The wavelengths in the visible and near-infrared
range were used to estimate the moisture content, na-
tive protein, and intramuscular fat in lambs and chick-
ens [10]. The objects of the research were both whole
muscle products and minced meat. The samples were
scanned in reflexion in NIRSystems 6500 (NIRSys-
tems, Silver Spring, MD, USA). By means of modified
partial least squares (MPLS) with internal cross valida-
tion, the regression equations were calculated. The
least error was observed when dealing with minced
meat. It was concluded that analysis of spectral charac-
teristics ensures high reliability of the data on the
chemical composition of raw materials.

D. Dow and others [11] analyzed various methods
for determining the fat content of beef. The methods to
be compared included extraction performed with chlo-
roform: methanol — 2:1, microwave drying followed by
ether extraction, and nuclear magnetic resonance. All
regression equations for determining the percentage of
fat, regardless of the method of extraction, were linear.
The highest accuracy was obtained with extraction us-
ing ether. But the difference in the coefficients of the
equation between ethereal extraction and the use of
NMR is insignificant. So, NMR can be recommended
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for enterprises as a quick way to assess the total fat
content in muscle tissue.

A.G. Shleikin [12] suggested a method of non-
destructive control of meat raw materials and unifica-
tion of the assessment of the color characteristics of
pork and beef muscle tissue as an integral indicator of
quality and safety of meat and meat products. The ob-
jects of his study were meat of various anatomical lo-
cations (bacon, undercut, thigh, cutlet, fillets, scapula,
etc.) at different refrigeration and storage stages
(cooled and defrosted meat after 1, 7, and 120 days of
storage at a temperature of —18°C) [13]. The experi-
ments were carried out using spectrophotometers: SF-
26 (destructive method), which records the absorbing
capacity of extracts (by the method of determining
myoglobin), and C®-18 (remote method), which rec-
ords the ability of reflection from the cut surface of a
muscle. At the same time, functional and technological
characteristics, such as pH, and moisture retaining and
wetting ability of meat, were determined. The research
was conducted at wavelengths of 488 and 640 nm. The
results obtained revealed the superiority of the remote
color estimation method, which is much faster and thus
eliminates the contamination of the test sample.

In recent years, researchers have found applications of
computer vision technology for the automatic detection of
meat marbling [13]. Image processing typically includes
such operations as segmentation of m. Longissimus dorsi
with a picture of steak, segmentation of marbling from the
soft part, and the extraction of marbling meat. The ad-
vantage of computer assessment is the speed and simplicity
of the method, which allows automating the process of sort-
ing meat raw material.

The use of spectrophotometers of various designs
does not always allow us to assess objectively the qual-
ity of meat. That is why, in recent years, digital camer-
as and scanners have become popular with scientists.
A.A. Kulakov [14] suggested a method for assessment
scanned color images where the concentration of the
dye was accurately determined. The dye (malachite
green) was spread on filter paper, dried, and scanned
with an Epson Stylus CX3900 multifunctional scanner.
The resulting digital images were processed according
to a program developed by the “Blot-1” authors and
based on Borland ImageProcessForm. The relative er-
ror of the color intensity was no more than 0.4%. Tak-
ing into account the results obtained, the authors rec-
ommend using scanning devices, not expensive spec-
trophotometers, to assess the color intensity.

A general analysis of literature allows noting a
lack of universal methods of assessing the color of
meat. Existing devices have advantages and disad-
vantages. So, developing an objective express method
for assessing the quality of meat, in particular beef, is
necessary and timely, taking into account the dynamic
development of food industry.

The purpose of the research is determining of
functional-technological and color parameters of beef
during refrigeration on the basis of the development of
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a method for analyzing digital images of beef muscle
tissue samples. To achieve this goal, the following
tasks have been solved:

giving reasons for the selection and obtaining of sam-

ples to be studied;

studying the changes in the pH and temperature pa-
rameters of beef during refrigeration;

developing a method for analyzing digital images of
beef muscle tissue samples in the color coordinate
space RGB for the study of color characteristics of
beef during cold storage;

establishing analytical dependence between the color
of beef and the term of refrigeration using infor-
mation technologies.

Research Materials and Methods

When solving the first problem, as an object to obtain
the research samples from, chilled half-carcass beef of
Holstein bulls slaughtered at the age of 15 months was
taken. The Holstein breed complies with all the main
characteristics of bovine cattle productivity. But its main
unique quality is the fact that cows and bulls gain weight
quickly and can be freely used in the production of meat.
The slaughtered animals under study were 480-500 kg of
live weight, 265-280 kg of slaughtering weight. Cooling
the half-carcasses was carried out by the single-stage
method, with the following conditions: temperature +4°C;
air speed 0.5-1.0 m/s; relative humidity 90%; total dura-
tion 36 hours till the temperature achieved in the center of
the pelvis was not higher than +4 °C; storage: temperature
+4 °C; air speed 0.5 m/s; relative humidity 95%; total du-
ration 172 hours from the moment of slaughter. The char-
acter of autolytic changes was determined by the pH [15],
by the temperature in the thickness of the muscles, and by
the change in the meat color. The points of control of
functional indicators were m. Longissimus dorsi and m.
Semimembranosus. The color characteristics were as-
sessed on the slices of m. Semimembranosus. The samples
were taken from half-carcasses at certain time intervals
(see Table 1).

Table 1 — Input data on the time of the experiment

the color depth 48 bits). Each image contained 3 to 9

beef cuts. What the image of a cut looked like at the

second point (see Table 1) is shown in Figure 1. The

algorithm for analyzing images of meat cuts is

described as follows:

Obtaining output images for processing.

—  Construction of a red color distribution histogram
in the RGB color system.
Construction of the spatial distribution of the red
component on the basis of an average of all
histograms, depending on the time of obtaining the
samples.

— Determination of the maximum
coordinates for each average histogram.

—  Construction of the point dependence (data) of the
coordinates of the red color maximum intensity on
the time of obtaining samples. Smoothing the
obtained experimental data by first and second
order polynomials.

intensity

Results of the research and their discussion

Number of | Time after | Number of | Time after

the point | the slaughter | the point | the slaughter
studied of animals, h studied of animals, h

1 point 1 9 point 44

2 point 6 10 point 53

3 point 9 11 point 71

4 point 12 12 point 99

5 point 21 13 point 121

6 point 26 14 point 148

7 point 31 15 point 172

8 point 35 - -

The change in the meat color was determined by
analyzing the digital color images obtained by
scanning the samples of the muscle sections with an
HP ScanJet 5590P (L1912A) scanner (the CCD matrix,
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The quality of the finished product is determined
by the initial properties of the main raw material. The
main raw material for meat products is beef, pork,
poultry meat, and fat derived from processing slaugh-
tered animals. Leaving aside the in-life factors, the
functional characteristics of meat are largely influ-
enced by primary processing and refrigeration. In the
production of cooled raw materials, refrigeration has
two stages — cooling and storage in a cooled state.
When cooled, complex biochemical changes take place
in meat. According to the stage of autolysis, they allow
classifying it roughly into steamed meat, meat in a ri-
gor mortis state, and meat at the stage of maturation.
Products made from carcass meat and matured meat
have excellent sensory characteristics. Posthumously
numb meat is not suitable for industrial processing,
since it is characterized by low pH, moisture-retaining
ability, rigidity, darker color. Some of these parameters
can be determined directly, in the work area, without
complex physical or chemical research. During this se-
ries of studies, pH and temperature changes in the
longest muscle of the back and in the internal muscle
of the pelvis were studied.

Analysis of the dependencies presented in Fig. 2
shows that the pH level for m. Longissimus dorsi
throughout the trial period is higher than that for
m. Semimembranosus. An explanation for this is the
difference in the initial content of the glycogen. The
muscles of the pelvis carry a significant dynamic load;
that is why, they contain 1.5 times more glycogen than
the muscles of the back [16,17]. Accordingly, in
amylolysis and subsequent phosphorylation of
glycogen, more lactic acid is formed, which shifts the
pH of the meat into acidic side. Rigor mortis for
m. Longissimus dorsi is observed in the interval of time
35 to 44 hours from the moment of slaughter, for
m. Semimembranosus — 21 to 31 hours. Previous
studies [18,19] have found that rigor mortis for m.
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Longissimus dorsi, which is a standardized pH
measurement point, typically takes place after 40 hours
from the time of slaughter. The completion of the rigor
mortis process, when functional indicators are
stabilized, is observed in the interval of time 50 to 55
hours. That is why, it is practical to send beef for
processing not earlier than after two days from the
moment of slaughter.

A close relationship is observed between the kinet-
ics of change in pH and temperature. The highest bio-
chemical activity in muscle tissue after slaughter oc-
curs within the first 12 hours. The pH reduction rate in

this period for m. Longissimus dorsi is 0.085 units/h,
for m. Semimembranosus 0.094 units/h. The rate of de-
crease in temperature in the thickness of the corre-
sponding muscles: for m. Longissimus dorsi 1.99 de-
grees/h, for m. Semimembranosus — 1.79 degrees/h. A
higher temperature changes rate in m. Longissimus
dorsi (Fig. 3) contributes to the slowing of the activity
of the enzyme system of muscle tissue, and, according-
ly, the level of reduction of pH is smaller and vice ver-
sa, in the pelvis, the temperature decreases more slow-
ly, respectively, the activity of enzymes contributes to
the intensive reduction of pH.
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Fig. 2 Change in pH in m. Longissimus dorsi (1) and m.
Semimembranosus (2) during cold storage

When developing a technique for analyzing digital
images of beef muscle tissue samples in the color co-
ordinate space RGB during cold storage, the fact was
taken into account that the pH indicator characterizes
the biochemical state of the meat and determines the
color of the raw material. The natural color of meat is
due to myoglobin and hemoglobin. The non-protein
portion of myoglobin, a heme, consists of iron and four
heterocyclic pyrrole rings connected with methylene
bridges. The iron atom can easily be oxidized by giv-
ing up an electron and determines the forms of myo-
globin: proper myoglobin (Mb), oxymioglin (MbO5),
and methymogonin (MetMb). In the presence of oxy-
gen in the air, Mb oxidizes with the formation of oxy-
moglobin — MbO, that gives meat a pleasant, bright red
color. MbO, is an unstable compound and under the in-
fluence of light and air, in acidic medium, it is convert-
ed into MetMb, while the heme of iron passes from bi-
valent to trivalent. Meat becomes brownish-gray [1]. It
acquires this color when it contains more than 70% of
MetMb of the total proportion of muscle pigments,
which is characteristic of the raw material of the deep
stage of autolysis. At the same time, in the post-
slaughter period, due to the destruction of the bicar-
bonate system in the cells, free carbon dioxide is re-
leased [16]. Most intensively this process goes on in
the first hours of autolysis. The carboniferous compo-
nent decomposes into water and carbon dioxide. Car-
bon dioxide together with myoglobin forms red-cherry-
colored carbomisoglobin, which explains the dark col-
or of the muscles at the stage of rigir mortis. The pecu-
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Fig. 3 Temperature change in m. Longissimus dorsi (1)
and m. Semimembranosus (2) during cold storage

liarities of changing the color of the meat during cold
maturation are shown in Table 2.

The obtained fragments of images (Table 2), be-
sides the intensity of coloring of muscle tissues, allow
us to estimate the texture of fibers. It should be noted
that these images confirm other scientists’ results about
the connective tissue density in the initial period of
maturation and in the hydrated period, at the stage of
completion of rigor mortis. Obtaining scanned images
of meat cuts makes it unnecessary to carry out histo-
logical studies using a microscope. It can, at the con-
troller’s request, provide information about the degree
of cell destruction, which determines the direction of
further use of raw materials.

Thus, the received fragments of meat cuts make it
possible not only to characterize the correlation be-
tween the main forms of myoglobin and the color of
meat, but also to determine the degree of destruction of
muscle tissues.

Typically, an automated process of determining
the color characteristics of meat raw material includes
the preparation of a sample; receiving and registering
its color digital image in the RGB format; transforming
it into another digital format and further computer pro-
cessing the information by algorithms that distinguish
color characteristics. In the review of existing methods
for the assessment (instrumental and organoleptic) of
meat by color index [20, 21], it is noted that changes in
the meat color are associated with such a color charac-
teristic as light. That is why, in many systems, there is
additional transition from the original color RGB space
to others, such as HSI, Lab [22], etc.
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Fig. 1. Example of an image of muscle tissue cuts
obtained after 6 hours from the moment of
slaughter.

Table 2 - Fragments of images of muscle tissue cuts in different periods of cold storage

Duration of cold storage, h Fragments of images 256x256 pixel
1
12 . . .
21 . . .
53
121
172
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When creating a method for analyzing color
digital images, scanned cuts of chilled flesh of beef
(see Figure 1) were used as inputs. They were being
made in certain (irregular) intervals of time for eight
days (see Table 1). The developed method for
analyzing digital images of muscle tissue beef
samples in the color coordinate space RGB consists
of three stages. Modeling of the stages of the
methodology was carried out using the Matlab
software environment.

Stage 1. Receiving fixed-size input images for
further analysis. At each one of the presented images
of meat cut samples (Fig. 1), 256x256 pixels were
selected in an arbitrary manner (in Table 2, the
samples of the incoming images were magnified by 4
times). The complete input set consisted of 74 output
images

Stage 2. Construction of red color distribution
histograms in the RGB color system. For all
fragments corresponding to a certain time of storage,
red color distribution histograms were constructed in
the color system RGB (Fig. 4a). Further, the
histogram values were averaged and normalized,
resulting in the maximum value of the component R
not exceeding 1. For each averaged histogram, the
coordinate of the maximum intensity is determined
(Fig. 4b). Figure 4c shows the spatial distribution of
the maximum intensity of the red color component,
depending on the time of receipt, built on the basis of
all averaged histograms.

Stage 3. Construction of the point and analytical
dependence (data) of values of the coordinates of the
red color maximum intensity from the time of
obtaining the samples (table 1). During a computer
experiment based on the results of processing a test
sample of 74 images of meat cuts and the analysis of
the spatial distribution of the red color component,
the point graphic dependence was constructed of the
values of the coordinates of the red color maximum
intensity from the time of obtaining the samples. The
experimental data obtained were smoothed by the
first and second order polynomials. The smoothing by
the second order polynomial secured a lower mean
square error of approximation as compared with the
linear approximation. It was an average of 5.6% of
the minimum value of the coordinate of the maximum
level of the red color component in the color
coordinate space RGB (Fig. 5).

In accordance with the received dependence — the
spatial distribution of the red color component de-
pending on the time of obtaining the samples (Fig. 4
and Fig. 5), we can assume that during 120 hours of
being stored in meat, as a result of biochemical pro-
cesses, not only oxygen is released, but other gases as
well (including carbon dioxide) that oxidize myoglo-
bin and are responsible for a dark color of muscle tis-
sue [1,16]. Most intensively these processes go on be-
fore the onset of rigor mortis. Over time, the intensity
of red color increases, which is accompanied by the
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decomposition of the formed forms of myoglobin and
the appearance of MbO,. When stored for more than
140 hours, there is a deeper oxidation of iron with the
formation of methyoglobin, the brightness of the meat
decreases. It can be assumed that, after 120 hours of
cold storage in the muscle tissue, glycolytic transfor-
mations are almost fully completed by the influence
of enzymes. With prolonged storage, hydrolytic en-
zymes are activated, and highly reactive compounds
are formed — hydrogen sulfide, ammonia and others
that are capable of oxidizing myoglobin to methymo-
gon, with a change in the red color intensity.

Using the method of scanning muscle tissue cuts
in the production environment with further infor-
mation processing of images will allow obtaining data
on the degree of development of autolytic changes in
meat and determining the direction of its use. This
method can be recommended for differentiated sort-
ing of beef as to the defects of DFD, RSE at a certain
time point.

However, to obtain objective results using this
method of assessing the quality of meat by color
characteristics, it is necessary to have regional data-
bases on the color of raw materials, depending on
age, on methods of fattening, slaughter, refrigeration.

Conclusions

1. Selected muscle tissue samples were taken
from half-carcasses of Holstein bulls, aged 15
months. The kinetics of the changes in the pH and
temperature of beef during cold storage has been
studied. It has been found that a higher rate of tem-
perature change in m. Longissimus dorsi contributes
to the slowdown in the activity of the enzyme system
of muscle tissue, and, accordingly, provides less in-
tense reduction of pH. And vice versa, in the pelvis,
temperature decreases more slowly, so the activity of
enzymes contributes to the intense reduction of pH.

2. The method of analysis has been developed for
digital images of specimens of beef muscle tissue in
the color coordinate space RGB so as to study beef’s
color characteristics during cold storage. It has been
established that the use of the suggested method,
when smoothing with a second order polynomial,
provides a mean square error approximation of 5.6 %
on the average, from the minimum value of the coor-
dinate of the red color component maximum level,
which confirms its objectivity when used to assess the
color of the meat. An analytical dependence has been
established between the color of beef and the term of
refrigerated storage with the use of information tech-
nologies, according to which it is determined that due
to biochemical processes, there is an intense oxida-
tion of myoglobin, which provides a dark color of the
muscle tissue. Over time, the intensity of red increas-
es up to 120 hours of storage, which is accompanied
by the decomposition of the formed forms of myo-
globin and the appearance of MbO,. When stored for
more than 140 hours, a deeper oxidation of iron be-
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gins with the formation of methyoglobin, the bright-
ness of the meat decreases.

3. The developed method allows automating the
processes of registration and processing of images of
muscle tissue in real time, increases the productivity
of the assessment, and gives an opportunity to obtain

objective reliable results about the properties of meat
during storage. It is recommended for application in
systems of automated processing of digital images of
cuts of meat while conducting an assessment of its
quality, as well as the development of colorimetric
analyzers.
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