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1. INTRODUCTION AND OBJECTIVES 

 

 The consumption of livestock products is as old as the human history and part of 

our daily diet. Consumption of them is beneficial in many different ways. They are rich in 

proteins, minerals, fats and essential amino acids. Consuming them helps the human body to 

function optimally. Our society today is increasingly aware of the concept of healthy nutrition 

and healthy food, therefore it is essential that the food industry also tries to meet these needs. 

The application of minimal processing technologies is becoming more widespread across the 

world, in case of livestock products as well. 

 Based on literary knowledge each livestock product reacts with different 

sensitivities to high hydrostatic pressure treatment. Since proteins play an important role in the 

development of both organoleptic and techno-functional properties in livestock products, I 

would like to examine the changes in the structure of the proteins as well as the changes in the 

physicochemical properties of the products in order to be able to choose the optimal technology 

parameters and to better understand the background and effects of this minimal processing 

preservation method (HHP). In my thesis I have subjected different livestock products to one 

of this minimal processing technology, the high hydrostatic pressure treatment. The properties 

of the different livestock products may change due to the HHP treatment. The extent of the 

change may depend on the parameters of the treatment, the species of animal and the different 

body area/muscles from the product was made. The main objective of my research was the 

examination of changes (physico-chemical, protein structure) of livestock products (beef 

sirloin, beef blood, pork loin, chicken breast, eggs and milk) due to high hydrostatic pressure 

treatment. The matrix of the treatment parameters was the same in case of each product (except 

milk), the food products were treated from 100 MPa up to 600 MPa (5 minutes) in 100 MPa 

increments. Samples without HHP treatment served as control. 

 In the case of the studied livestock products my aim was to trace and examine the 

changes in the proteins as a result of the high hydrostatic pressure treatment. For this purpose 

of my experiment I used electrophoretic, spectrophotometric and thermodynamic techniques 

(IEF, SDS-PAGE, NATIV-PAGE, CE, determination of the relative proportion of total pigment 

and myoglobin forms, DSC) to study the effects of the treatments on proteins and their structure, 

and the physico-chemical properties of the products such as color, pH and dynamic viscosity. 
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2. RESULTS 

Colour measurement results: 

It can be concluded that during my experiments in the case of meat products (beef sirloin, 

pork loin, chicken breast), due to the high hydrostatic pressure treatment both of the L *, a* and 

b* colour values significantly changed compared to the control samples (ANOVA). In case of 

each meat products can be seen as their colours are lightened, the L* values increased. For beef 

sirloin, L* values especially showed a more than 30% increase in data after 300 MPa pressure 

treatment, which treatment level also can be considered as a treshold. In case of beef sirloin, 

pork loin and chicken breast, the 400, 500 and 600 MPa pressure treatments no longer 

significantly altered the L* values of the samples. There was a substantial increase in b* yellow-

blue color values after pressure treatment level of 300 MPa and above, however no for the a* 

red-green color values, thus the coloration of the samples was shifted towards the yellow color 

range in all three types of meat. In the case of beef blood, the L* color values are significantly 

decreased by pressure treatments, especially at 300, 400, and 500 MPa, which resulted a darker 

coloration of the samples. These results were different from the meat samples, where we could 

see that the L* values increased significantly (the colour of the samples became lighter). For 

the color components of a* red-green and b* yellow-blue, the measured results show a decrease 

from 300 MPa and above treatments compared to the control sample, which change can be 

observed well even by the human eye. In the case of liquied egg white it can be concluded that 

although the HHP treatment causes a significant change in the colour of the samples, the sudden 

change of the color data occurs only at higher pressure level values (400 MPa, but mainly 500 

and 600 MPa), which also shown by the calculated ∆E* colour difference value. For the results 

of the liquied whole egg colour measurement can be stated that all three color components were 

significantly affected by the high pressure treatment. For the b* yellow-green color component 

increasing pressure levels resulted a decreasing tendency values, indicating that liquied whole 

egg has increasingly lost from its yellow color intensity. Regarding milk color measurement it 

can be established as Tukey test homogeneity test shows that there is no significant difference 

in L* values between raw milk and pasteurized milk and L * values for sterilized milk and 300-

600 MPa pressure-treated samples represent the same group. In case of the a* and b* values the 

results of raw, pasteurized and pressurized milk are very close to each other, only sterilized 

milk shows difference in the range. 
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pH measurement results: 

Regarding the change in the pH value of livestock products after HHP treatments, it can be 

concluded that the treatments caused a significant change in the pH values of each kind of 

products compared to the control samples, however, these changes occurred at different 

pressure levels. In general, there was an increase in the data of beef sirloin, pork loin, chicken 

breast, liquid egg white and liquid whole egg, while data are decreased in case of beef blood 

and milk. 

Dinamyc viscosity results:  

Dinamyc viscosity measurements have been performed on products that are in liquid state such 

as beef blood, liquid egg white, liquied whole egg and milk. It was observed in each case of the 

studied products that the dinamyc viscosity values of the samples increased with higher pressure 

level treatments. This increase was the most intensive for beef blood and liquied egg products, 

while the smallest difference was measured for milk. In the case of 600 MPa pressure treatment 

of liquied egg white and the 500 and 600 MPa treatment of liquied whole egg resulted in the 

formation of such a gel structure which could not be measured with the rheometer. 

Spectrophotometric results: 

During the determination of total pigment content, especially the myoglobin concentration in 

the pressure treated beef sirloin, pork loin and chicken breast samples were not changed 

comperad to the untreated samples. From the results it can be concluded that with the applied 

measurement method the state of the given protein is not a determining factor in the 

measurement of the amount of heme-containing components, because the heme component in 

denatured state can also be detected. Concerning the relative proportion of myoglobin forms of 

beef sirloin it can be stated, that the pressure treatment resulted a decrease in the oxymoglobin 

(OMb) ratio, while at the same time the ratio of metmioglobin (MMb) increases. 

Deoxymioglobin (DMb) ratio triples at 600 MPa pressure treatment compared to 450 MPa 

level. In case of 600 MPa pressure treatment the relative ratio of methmioglobin increased from 

20% to about 45%. 

Electrophoretic measurement results: 

It was found that the HHP treatment affects different proteins and groups of proteins with 

different extent. Myoglobin in the beef sirloin changes due to HHP treatment only at higher 

pressure levels of 500 and 600 MPa (its native state and solubility), meanwhile changes in the 
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same protein begin at 400 MPa incase of pork loin. The pressure treatments of beef sirloin on 

different levels did not cause any significant changes in the measured carnosine and ancerin 

content according to the applied capillary electrophoresis method. In addition, based on the 

SDS-PAGE resolution and densitometry data of myofibrillar proteins in beef, at 300 MPa and 

above (400, 500, 600 MPa), the protein intensity values were reduced by at least 50% as a result 

due to the change in protein solubility. In chicken breast 400, 500, and 600 MPa pressure 

treatment resulted the appearance of degradation products and aggregates compared to the 

control sample, which can be detected by electrophoretic techniques. In case of beef blood and 

liquied egg products (milk also in some measurements), my experiments have shown that 

proteins in liquid state are more resistant to pressure treatment, their denaturation and 

aggregation mainly happen at higher pressure levels (500 MPa and mostly 600 MPa). In case 

of liquid egg protein and liquid whole egg I found that the pressure treatment of 100, 200, 300, 

400 and 500 MPa did not cause significant changes in the electrophoretic separation patterns of 

the egg products and in the denaturation enthalpy datas compared to the control samples. 

Changes in protein solubility and native state are observed mainly after 600 MPa pressure 

treatment. 

Thermodynamic measurement results: 

By increasing the levels of pressure treatments, the value of denaturation enthalpy was reduced, 

in other words the amount of protein what still can be denatured was reduced in each case of 

the examined livestock products. However, the extent of the decreases was different in case of 

the different kind of food products. It can be stated that in the three examined meat (beef sirloin, 

pork loin, chicken breast) the myofibrillar proteins (myosin, actin) involved in muscle building 

are more sensitive against pressure treatment than connective tissue and sarcoplasmic proteins. 

The peak detected on the beef blood thermogram (68ºC - 70ºC) is albumin, which makes up 

most of the blood proteins, significant decreases were observed in both peak temperature and 

denaturation enthalpy compared to the control sample at pressure treatments of higher levels 

such as 500 MPa and 600 MPa. In case of liquid egg white and liquid whole egg products the 

100-500 MPa pressure treatments do not yet caused a significant change in the denatured 

amount of protein, but 600 MPa pressure treatments reduced the denaturation enthalpy by 

nearly one third. 
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2.2 NEW SCIENTIFIC RESULTS 

Theses of electrophoretic measurements: 

1. In case of myoglobin which belongs to the group of sarcoplasmic proteins, I determined 

that by electrophoretic separation (isoelectric focal position, SDS-polyacrylamide gel 

electrophoresis and NATIV-polyacrylamide gel electrophoresis) that pressure 

treatments of 100, 200, 300 and 400 MPa (5 minutes) did not change the electrophoretic 

separation of myoglobin from beef sirloin (Longissimus dorsi) compared to the control 

sample. Changes in solubility and native state of this protein were observed mainly due 

to 500 and 600 MPa pressure treatments. 

Csehi B, Szerdahelyi E, Pásztor-Huszár K, Salamon B, Tóth A, Zeke I, Jónás G, 

Friedrich L, Changes of protein profiles in pork and beef meat caused by high 

hydrostatic pressure treatment. ACTA ALIMENTARIA HUNGARICA 45:(4) pp. 565-

571. (2016) 

 

2. I have demonstrated by electrophoretic separation (isoelectric focusing, SDS-

polyacrylamide gel electrophoresis and NATIV-polyacrylamide gel electrophoresis) of 

the myoglobin in pork loin (Longissimus dorsi) that high pressure treatments of 100, 

200, 300 MPa (5 minutes) did not change the electrophoretic separation of myoglobin 

compared to the control sample, however pressure treatments of 400, 500 and 600 MPa 

for 5 minutes caused a loss of native state of myoglobin and a significant decrease in its 

solubility. 

Csehi B, Szerdahelyi E, Pásztor-Huszár K, Salamon B, Tóth A, Zeke I, Jónás G, 

Friedrich L, Changes of    protein profiles in pork and beef meat caused by high 

hydrostatic pressure treatment. ACTA ALIMENTARIA HUNGARICA 45:(4) pp. 565-

571. (2016) 

 

3. I have established that based on SDS-polyacrylamide gel electrophoresis separation and 

densitometry data of myofibrillar proteins of Longissimus dorsi (in case of extraction 

with 0.7 M NaCl solution) due to 300 MPa and above levels of high pressure treatment 

(400, 500 and 600 MPa; 5 minutes) the protein intensity values were reduced by at least 

50% as a result of changes in protein solubility. Therefore the 300 MPa (5 minutes) 

pressure treatment can be considered as a threshold based on SDS-PAGE and color 

measurement results. 
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4. In case of imidazole dipeptides (carnosine and anserine) in beef sirloin (Longissimus 

dorsi), I found by the applied capillary electrophoresis method that the pressure 

treatments (from 100 to 600 MPa, 5 minutes) did not cause a significant change in the 

carnosine and anserine content (P> 0.005). 

 

5. I have concluded that in case of chicken breast (Pullum pectus) the high pressure 

treatments of 400, 500 and 600 MPa (5 minutes) resulted the appearance of degradation 

products and aggregates compared to the control sample, observed by electrophoretic 

separation (isoelectric focusing, SDS-polyacrylamide gel electrophoresis and NATIV-

polyacrylamide gel electrophoresis). 

 

6. I have found that in case of beef blood, liquied eggs products and partly in case of milk, 

when the proteins are dissolved in liquid medium they are more resistant against high 

pressure treatment, denaturation and aggregation occurs mainly at higher pressure 

treatment levels (500 MPa and mostly 600 MPa). 

 

Thesis of electrophoretic and thermoanalytical measurements: 

7. In case of liquid egg white and liquid whole egg I have determined by electrophoretic 

separation and thermodynamic measurements (SDS-polyacrylamide gel 

electrophoresis, NATIV-polyacrylamide gel electrophoresis and DSC) that pressure 

treatments of 100, 200, 300, 400 and 500 MPa (5 minutes) did not cause a significant 

change in the electrophoretic separation of the liquid egg products and denaturation 

enthalpy data compared to the control samples. Changes in protein solubility and in its 

native state are observed mainly due to 600 MPa pressure treatment. 
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3. CONCLUSIONS AND RECOMMENDATIONS 

The experiments clearly showed that, like microorganisms, the different livestock 

products have different "sensitivities" to high hydrostatic pressure treatment. In my work I have 

focused on the physicochemical properties and proteins of the examined products, since the role 

of proteins is decisive in these products and the changes in protein structure and physico-

chemical parameters may affect the techno-functional properties in many cases. I concluded 

that the high pressure treatments affect the different proteins and groups of proteins in a 

different extent. The myoglobin of beef sirloin changes only due to higher levels of HHP 

treatment 500 and 600 MPa (its native state and solubility), meanwhile changes of the 

myoglobyn in pork loin begin already by 400 MPa treatment. In case of chicken breast protein 

aggregates and fragments appear due to pressure treatments of 300 MPa and above, which can 

be detected by electrophoretic techniques. In case of beef blood, liquid egg products and in case 

of some measurements of milk, my experiments also established that when the proteins are 

dissolved in liquid medium they are more resistant against pressure treatment, denaturation and 

aggregation mainly happen at higher pressure levels (500 and 600 MPa). However, the causal 

background of these measurements is not always fully understood, therefore the use of 

additional measurement techniques could help to obtain a clearer picture of the effects of the 

examined technology. 

For the practical application and development of HHP treatment it is essential to define 

the recommended thresholds of the treatment, therefore based on the measured results, my 

maximum pressure threshold recommendations are as follows: 

 Beef Striploin: 400 MPa, 5 min 

 Pork Loin: 300 MPa, 5 min 

 Chicken breast: 300 MPa, 5 min 

 Beef Blood: 400 MPa, 5 min 

 Liquid Egg White: 400 MPa (500 MPa depending on the aim of use), 5 min 

 Liquid Whole Egg: 400 MPa (500 MPa depending on the aim of use), 5 min 

 Milk: 500-600 MPa, 5 min 

 

 

 

 



11 
 

4. PUBLICATIONS RELATED TO THE THESIS 

 

IF publications: 

Csehi, B., Szerdahelyi, E., Pásztor-Huszár, K., Salamon, B., Tóth, A., Zeke, I., Jónás, G., 

Friedrich, L., 2016. Changes of protein profiles in pork and beef meat caused by high 

hydrostatic pressure treatment. Acta Alimentaria 45, 565–571. 

https://doi.org/10.1556/066.2016.45.4.14 

Jonas, G., Csehi, B., Palotas, P., Toth, A., Kenesei, G., Pasztor-Huszar, K., Friedrich, L., 2017. 

Combined effects of high hydrostatic pressure and sodium nitrite on color, water holding 

capacity and texture of frankfurter. J. Phys.: Conf. Ser. 950, 042006. 

https://doi.org/10.1088/1742-6596/950/4/042006 

Salamon, B., Tóth, A., Palotás, P., Südi, G., Csehi, B., Németh, Cs., Friedrich, L., 2016. Effect of 

high hydrostatic pressure (HHP) processing on organoleptic properties and shelf life of fish 

salad with mayonnaise. Acta Alimentaria 45, 558–564. 

https://doi.org/10.1556/066.2016.45.4.13 

Tóth, A., Németh, C., Palotás, P., Surányi, J., Zeke, I., Csehi, B., Castillo, L.A., Friedrich, L., 

Balla, C., 2017. HHP treatment of liquid egg at 200-350 MPa. J. Phys.: Conf. Ser. 950, 

042008. https://doi.org/10.1088/1742-6596/950/4/042008 

Publications in conference: 

Csehi, B., Friedrich, L.,Szerdahelyi, E. N., Jónás, G.,2015. A study of changes caused by high 

hydrostatic pressure treatment of meat proteins. In: The Malta Consolider Group (szerk.) 

Book of Abstract, International Conference On High Pressure Science And Technology. 573 

p. Konferencia helye, ideje: Madrid, Spanyolország, 2015.08.30-2015.09.04. Madrid: p. 276. 

Csehi, B., Pásztor-Huszár, K., Salamon, B., Tóth, A., Zeke, I., Jónás, G., Friedrich, L., 2016. The 

analysis of protein and physico-chemical changes in high hydrostatic pressure or heat treated 

whole milk In: High Pressure Science and Technology 54th EHPRG International Meeting. 

Konferencia helye, ideje: Bayreuth, Németország, 2016.09.04-2016.09.09.p. 280. 

Csehi, B., Szerdahelyi, E. N., Friedrich, L., Pásztorné-Huszár, K.,2015. A study of changes caused 

by high hydrostatic pressure treatment of blood proteins. In: Mizsey Péter, Bokrossy-Csiba 

Mária, Törcsváryné Kovács Zsuzsanna (szerk.) Műszaki Kémiai Napok 2015: Conference of 

Chemical Engineering 2015: Conference Proceeding. 120 p. Konferencia helye, ideje: 

https://doi.org/10.1556/066.2016.45.4.14
https://doi.org/10.1088/1742-6596/950/4/042006
https://doi.org/10.1556/066.2016.45.4.13
https://doi.org/10.1088/1742-6596/950/4/042008


12 
 

Veszprém, Magyarország, 2015.04.21-2015.04.23. Veszprém: Pannon Egyetem, 2015. p. 18. 

(ISBN:978-963-396-072-1) 

Csehi, B., Zeke, I., Szeredi, L., Pásztorné-Huszár, K., Friedrich, L., 2016. The high hydrostatic 

pressure treatment of fresh carp (Cyprius carpio) and changes in its proteins In: Viktória 

Zsom-Muha (szerk.) Proceedings of 1st International Conference on Biosystems and Food 

Engineering. Konferencia helye, ideje: Budapest, Magyarország, 2016.12.08 Budapest: Szent 

István Egyetem, Élelmiszertudományi Kar, 2016. Paper E112. (ISBN:978-963-269-598-3) 

Csehi, B., Zeke, I., Tóth, A., Pásztorné-Huszár, K., Friedrich, L., 2016. Friss lazac (Salmo salar) 

nagy hidrosztatikus nyomáskezelése, a fehérjékben végbemenő változások nyomonkövetése. 

In: Szalka Éva, Bali Papp Ágnes (szerk.) XXXVI. Óvári Tudományos Nap: Hagyomány és 

innováció az agrár- és élelmiszergazdaságban I-II. 335 p. Konferencia helye, ideje: 

Mosonmagyaróvár, Magyarország, 2016.11.10 Mosonmagyaróvár: Széchenyi István Egyetem 

Mezőgazdaság- és Élelmiszertudományi Kar, 2016. pp. 269-273. (ISBN:978-615-5391-79-8) 

Jónás, G., Csehi, B., Palotás, P., Darnay, L., Pásztor-Huszár, K., Friedrich, L., 2015. High 

hydrostatic pressure treatment and nitrite concentration effects on functional properties of 

meat batter. In: Engelhardt Tekla, Dalmadi István, Baranyai László, Mohácsi-Farkas Csilla 

(szerk.) Food Science Conference 2015 - Integration of science in food chain: Book of 

proceedings. Konferencia helye, ideje: Budapest, Magyarország, 2015.11.18-2015.11.19. 

Budapest: Corvinus University of Budapest, 2015. pp. 112-116. (ISBN:978-963-503-603-5) 

Salamon, B., Németh, Cs., Csehi, B., Tóth, A., 2016. A nagy hidrosztatikus nyomáskezelés 

alkalmazásának lehetőségei a tojás-feldolgozásban. In: Bíró Lajos, Gelencsér Éva, Lugasi 

Andrea, Rurik Imre (szerk.) A 60 éves Magyar Táplálkozástudományi Társaság XLI. 

vándorgyűlése: Program és az előadások kivonatai. Konferencia helye, ideje: Esztergom, 

Magyarország, 2016.10.06-2016.10.08. Budapest: Magyar Táplálkozástudományi Társaság, 

2016. p. 56. (ISBN:978-615-5606-02-1) 

Tóth, A., Németh, Cs., Bényi, D., Salamon, B., Csehi, B., Friedrich, L., 2016. A nyomáskezelés 

időparaméterének hatása teljes tojáslé egyes tulajdonságaira In: Gelencsér Éva, Horváth 

Zoltánné, Simonné Sarkadi Lívia, Rurik Imre (szerk.) Táplálkozástudományi Kutatások című 

VI. PhD Konferencia: Program és előadás összefoglalók. 37 p. Konferencia helye, ideje: 

Budapest, Magyarország, 2016.02.02 (Magyar Táplálkozástudományi Társaság) Budapest: 

Magyar Táplálkozástudományi Társaság, 2016. p. 34. 1 p. (ISBN:978-615-5606-01-4) 

 
 


