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In the experiments pork loin and beef sirloin were treated by pressures of 100 to 600 MPa by 100 MPa steps for 5 
min. Colour changes of samples and the changes of proteins were investigated. The latter were examined with 
isoelectric focusing and SDS polyacrylamide gel electrophoresis. We found that myoglobin behaved completely 
differently in case of the two different species. Myoglobin has mostly lost its native state at 300 MPa pressure in case 
of pork, but the beef myoglobin could remain native even up to 500 MPa. The treatment at 300 MPa or higher 
pressure values caused almost complete aggregation and denaturation in case of pork and beef proteins. The results 
of SDS-PAGE and the colour measurement confi rmed this fi nding.
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The increase of animal-based protein (ABP) consumption has started worldwide about 50 
years ago. Composition of ABPs and role of meat within this category is different among 
countries (SANS & COMBRIS, 2015). The consumption of beef and pig meat is signifi cant all 
over the world. Proteins in meat have high biological value and represent an important source 
of animal proteins in human nutrition (PARUNOVIĆ et al., 2012; GULYÁS et al., 2015). In the 
food industry, high pressure processing (HHP), as a non-thermal treatment (GROSSI et al., 
2016), is mainly used for shelf-life extension by microbial inactivation (MOREIRA et al., 
2015). HHP treatment is an alternative technology, because the retention of nutritional and 
organoleptic characteristics is better compared to thermal processing (CHERET et al., 2005). 
As a result of high pressure, protein molecules undergo structural changes by getting to 
different states of unfolding and denaturation. In consequence of these new protein 
conformations, their functional characteristics such as coagulation, aggregation, or gelation 
are modifi ed (CHEFTEL & CULIOLI, 1997; IWASAKI et al., 2006).

Protein susceptibility to high pressure and treatment parameters (pressure, temperature, 
and the duration of the pressure treatment) affects the result (SUN & HOLLEY, 2010). Colour 
of meat is also altered by high pressure treatment, in part owing to changes in myoglobin 
constitution (BAK et al., 2014). High hydrostatic pressure (HHP) treatment of foods can also 
modify protein structure and activity (KO et al., 2003; CHERET et al., 2005), but the proteins 
react differently to the magnitude of pressure, moreover there are differences between some 
species. It is essential to the development of technological processes that we know the 
qualitative changes of proteins of different species generated by high hydrostatic pressure 
treatment.
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1. Materials and methods

1.1. Meat samples

Fresh beef sirloin and pork loin were purchased in a local meat shop. All measurements were 
carried out in triplicate, and each sample originated from a different animal. Meat was cleaned 
from the fat and the connective tissue and was stored refrigerated at 4±1 °C. The samples 
were vacuum packed in polyethylene (Cryovac ©, BB4L) package.

1.2. High hydrostatic pressure

The samples were treated in a Resato FPU-100-2010 (Resato International B.V, The 
Netherlands) equipment for 5 min at six different pressure values: 0 MPa (control sample 
without treatment), 100, 200, 300, 400, 500, and 600 MPa. The initial temperature of the 
samples was 1–3 °C, and due to the adiabatic heating, samples’ temperature increased by 
approximately 3 °C/100 MPa. After the treatment, the colour measurements were performed 
with a Minolta CR-400 (Konica Minolta, Japanese) tristimulus colorimeter.

1.3. Extraction of muscle proteins

The method of KRETZSCHMAR (1995) was used for the extraction of meat proteins for the SDS-
PAGE. For the extraction of sarcoplasmic and myofi brillar proteins we have milled the 
control and treated samples in a cutter. We have measured 1 g from each sample, then added 
2 ml of 0.05 M NaCl solution and homogenized the mixture (Ultra-Turrax T25, Ika Werk, 
Staufen, Germany) at 13 500 r.p.m. for 3 min. Samples were cooled in ice during homogeni-
zation. The homogeneous suspension was centrifuged at 10 000 g (Beckman J2-21, California, 
USA) for 15 min then fi ltered (4 °C). The supernatant contained the sarcoplasmic proteins. 
The precipitate was washed with 0.05 M NaCl solution once to extract the myofi brillar 
proteins. The supernatant was removed, then 2 ml of 0.7 M NaCl solution was added to the 
washed precipitate and homogenized (Ultra-Turrax T25, Ika Werk, Staufen, Germany) for 1 
min. After homogenization, the samples were centrifuged for 15 min and the reduced 
supernatant was fi ltered. This fi ltered supernatant contained the myofi brillar proteins. The 
method described by HAJÓS and DELINCÉE (1983) was used for the extract preparation for 
isoelectric focusing.

1.4. Electrophoresis (SDS-PAGE)

Four to fi fteen percent handcast gels (acrylamid/bis-acrylamid, 830×730×1.0 mm) were used 
for the electrophoresis and the vertical system was applied during the measurement (Bio-Rad 
mini Protein Tetra System, Bio-Rad, USA). The range of molecular standard (Precision Plus 
Protein Standards All Blue, Bio-Rad, USA) was 250–10 kDa. The sample extracts were 
prepared by dilution with the sample buffer (2×Laemmli sample buffer and  2-mercaptoethanol, 
Bio-Rad, USA). In case of beef and pork, sarcoplasmic proteins 20-fold dilution was used, 
while for myofi brillar proteins, 2-fold dilution. From the dilutions, 10 μl of protein solutions 
were loaded into the wells. Gels were stained for 30 min with 0.2% Coomassie Brilliant Blue 
(R250, Bio-Rad). Stained gel images were captured using a Gel Doc XR+ System (Bio-Rad). 
The densities of the bands were quantifi ed by using Quantity One software program (Bio-
Rad). Their densities were expressed as relative intensity, where the results of HHP treated 
samples were compared to the intensity of control samples, calculated in percentage.
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1.5. Electrophoresis (Isoelectric focusing)

We used 12×12 cm agarose gel during the isoelectric focusing. The pH range of added 
ampholyte was 5–8. The anode solution was 1% sulphuric acid, and the cathode solution was 
ethylene diamine. The used standard was horse myoglobin (myoglobin (horse skeletal 
muscle), Calbiochem, USA). The specifi c dyeing of the hemeproteins was accomplished on 
the basis of BAUER and HOFMANN’s process (1987).

2. Results and discussion

2.1. Colour measurement

Fig 1. Results of beef sirloin and pork loin colour measurement.
(Asterisk marks the signifi cant changes. The confi dence level was 95%). : L*; : a*; : b*

A: Beef sirloin colour; B: pork loin colour

The colour of the treated and control samples was measured in triplicate, and each parallel 
sample was measured at ten different points. Figure 1 represents the results of colour 
measurements, standard deviations are indicated with the bars on the top of the columns. In 
case of both types of meats, a ‛jump’ was observed in the L* values at 300 MPa caused by the 
treatment, therefore this pressure can be regarded as a threshold. This increase in the values 
was over 30% compared to the control samples. The one-way analysis of variance (ANOVA) 
proved that the HHP treatment infl uenced signifi cantly the L* values, because the P-value of 
test was 0.000 and the value of R squared was 0.914 (the confi dence level was 95%). It was 
observable even for the human eye as the colour of the samples became lighter and pale.

The a* value of treated beef and pork meat did not change signifi cantly. The ANOVA 
showed that the effect of treatment is not signifi cant (P-value: 0.124) in case of a* values. In 
the b* values we also experienced remarkable growth, the values at higher (400–600 MPa) 
pressures were two to three times higher than at lower (100–300 MPa) pressures (P-value of 
ANOVA was 0.000 and the R squared was 0.954).

2.2. Effects of high pressures on protein profi le

The analysis of protein solubility is essential, because the change of solubility affects the 
functional properties and qualitative parameters, too (JOO et al., 1999). The proteins in meat 
(sarcoplasmic and myofi brillar) change during the high pressure treatment (MARCOS et al., 
2010), due to aggregation and denaturation (GALAZKA et al., 2000; IWASAKI et al., 2006). At 
the same time, the changes in proteins depend on some environmental conditions, which are 
not fully understood yet (BUCKOW et al., 2013).
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The changes of myofi brillar proteins of beef sirloin and the samples treated by high 
pressure (from 100 MPa to 600 MPa) are shown in Figure 2.

Fig. 2. Results of SDS-PAGE of beef sirloin (A: myofi brillar proteins, B: sarcoplasmic proteins)
1. Standard, 2. 0 MPa, 3. 100 MPa, 4. 200 MPa, 5. 300 MPa, 6. 400 MPa, 7. 500 MPa, 8. 600 MPa

The fi rst column is the molecular standard, which makes the identifi cation of proteins 
possible from 250 kDa to 10 kDa. The largest volume of myofi brillars (54%) is formed by 
myosin, which has two heavy and three light chains. Figure 2 shows that the light and heavy 
chains (MLC and MHC) of myosin from myofi brillar proteins mostly aggregated and 
denatured due to the pressure treatment, while in contrast, actin could be detected even after 
600 MPa pressure treatment. In case of lower pressures (100 and 200 MPa), the volume 
(intensity) of myofi brillar proteins (SDS-PAGE) was similar to that of the control sample, but 
in case of higher pressures (300 MPa or higher), the volume of proteins reduced by more than 
50%, therefore the 300 MPa can be regarded as a threshold value. The reduction of intensity 
is caused by the aggregation resulting from the treatment.

The results of SDS-PAGE of sarcoplasmic proteins of beef sirloin can be seen in part B 
of Figure 2. Most enzymes of the glycolytic pathway and the myoglobin belong to the 
sarcoplasmic proteins (TORNBERG, 2005). Most sarcoplasmic proteins are soluble in water. 
One of the main sarcoplasmic proteins is the myoglobin (as a natural pigment), which gives 
the colour of meats, hence its analysis is essential. The intensity of myoglobin reduced in 
case of higher pressure values (500 and 600 MPa). At lower pressure values (from 0 MPa to 
400 MPa), the intensity of this band did not change, but at 500 MPa pressure, the intensity 
reduced by 30%. At 600 MPa, the rate of reduction was more than 45%. During the treatment, 
conformational changes happen in the myoglobin of fresh meats, for example the denaturation 
of globin or the oxidation of ferrous ions, which can cause decolourization of meat (TOLDRÁ 
et al., 2008). According to BEKHIT and his co-workers (2003), the decolourization of meat is 
closely related to the spontaneous changes of myoglobin. Most of the proteins were partially 
or completely aggregated and denatured at 300 MPa or higher pressure values.
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Fig. 3. Results of SDS-PAGE of pork loin (A: myofi brillar proteins, B: sarcoplasmic proteins)
1. Standard, 2. 0 MPa, 3. 100 MPa, 4. 200 MPa, 5. 300 MPa, 6. 400 MPa, 7. 500 MPa, 8. 600 MPa

The results of SDS-PAGE of myofi brillar and sarcoplasmic proteins of pork are shown 
in Figure 3. Results indicate that the protein profi le is similar to the beef samples, light and 
heavy chains (MLC and MHC) of myosin mostly aggregated and denatured due to the 
pressure treatment, so they could not be brought into solution, hence the bands faded or 
disappeared in the gel. The largest change was found in case of myoglobin among the pork 
sarcoplasmic proteins. The bands of myoglobin were reduced by more than 80% due to the 
high (400 MPa or above) pressure treatment. In every case (beef myofi brillar and sarcoplasmic 
proteins and pork myofi brillar and sarcoplasmic proteins) the ANOVA proved that the 
treatment caused decreasing of intensity of bands. The P-values of test were 0.000 and the 
values of R squared were higher than 0.86.

The electrophoretic methods in meat science are primarily used for the detection of 
unknown proteins or identifi cation of species, and these methods are successfully applied for 
the detection of changes caused by industrial technologies of muscle proteins. In the analysis, 
isoelectric focusing (IEF) with specifi c pseudo-peroxidase dye is used for the detection of the 
effect of high pressure treatment. During the IEF, the proteins are in native status, hence the 
possible changes can be easily detected. As myoglobin partially denatured due to high 
hydrostatic pressure treatment, it has lost its native state, thus it could not be stained by the 
specifi c dye. Figure 4 (A) shows that the heme proteins are detected at isoelectric points (7.2; 
6.8 and 6.4) typical of beef with the specifi c dye (HOFFMANN & BLÜCHEL, 1986).

Intensity of bands was reduced especially in the samples treated by 500 or 600 MPa. 
Moreover, new, smaller bands appeared above the bands of myoglobin in case of 300 MPa or 
higher pressure values, likely owing to the decomposition products.
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Fig. 4. Results of isoelectric focusing of beef sirloin and pork loin
1. Control, 2. 100 MPa, 3. 200 MPa, 4. 300 MPa, 5. 400 MPa, 6. 500 MPa, 7. 600 MPa

In case of pork (Fig. 4B), the main difference was that the myoglobin mainly lost its 
native state already above 300 MPa.

3. Conclusions

According to the results, pork and beef have reacted differently to pressure treatment. The 
myoglobin has mainly lost its native state at 300 MPa pressure in case of pork, but the beef 
myoglobin remained native up to 500 MPa. The treatment at 300 MPa or higher pressure 
values caused nearly complete aggregation and denaturation of proteins in case of pork and 
beef. These results were confi rmed also by colour measurement.
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