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Abstract

High Hydrostatic Pressure (HHP) is one of the most promising minimal processing
technologies in food preservation. HHP decreases microbiological spoilage of products and
extend shelf life, while freshly-like properties are retained. For controlling microbiological
safety of liquid whole egg (LWE) several preservation methods are viable in industry, but most
of these apply heat or preservatives. On the one hand high temperatures are effective, but
techno-functional properties could be declined, on the other hand the use of preservatives is
rejected by consumers.

In our study LWE is treated between 150 and 600 MPa, for 5 min. After treatments color and
rheological properties of samples were investigated.

Our results show, that up to 400 MPa detectable differences were observed in color of samples.
Under 350 MPa Croma values of samples increased but above 350 MPa Croma values
decreased of LWE.

In evaluation of rheological results, Herschel-Bulkley model was fitted. Relevant changes is
values of Herschel-Bulky models were observed above 450 MPa. LWE after HHP treatment
had a stronger pseudoplastic behavior.

Summarizing our data, using a higher pressure for preservation of LWE may have bad influence
to techno-functional properties. But the border pressure for adequate techno-functional
properties may differ depending on final use of LWE.
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Introduction

HHP has gained popularity as an alternative for conventional thermal treatment. It has
advantages over thermal processing, including lower temperature and reduced extreme
aggregation [13]. HHP is a powerful post-package treatment for controlling growth of
microorganisms in different food products. Innovative processes have been reported by several
researchers for improving the microbiological safety of eggs and egg products [17], [10], [14].
Different food products require different pressure levels providing microbiological safe
products. E. g. meat products are mainly pasteurized, which is generally done in the range of
300-600 MPa, inactivating vegetative cells [6], [4]. High hydrostatic pressure (HHP) treatment
could induce the egg white proteins denaturation and aggregation, depending on pressure range,
protein concentration, time, pH, and temperature [11]. HHP process has shown a great potential
to modify the protein conformational structure (secondary, tertiary and quaternary), which is
stabilized by electrostatic interactions, hydrogen bonds and hydrophilic interactions, provoking
protein unfolding, while preserving the protein’s primary structure stabilized by covalent bonds
[15], [3]. Previous works, pointed out the extent of protein modification is strongly affected by
the nature of protein as well as by the processing conditions applied, namely pressure level,

treatment temperature and holding time [12], [3], [7], [8].

Pressure processing of egg products has been used experimentally as an alternative to heat
pasteurization and to eliminate Salmonella in several liquid egg products [1], [16]. The
investigations pointed out that higher pressure ranges (above 450 — 500 MPa) minimalize
microbiological spoilage of egg products [9], but it may cause a destruction of original structure
[16] as well destroy techno-functional properties [5], [2].

In our study the effects of HHP between 150 - 600 MPa on rheological properties and color of
LWE were investigated. The goal was to find out which pressure level does not change

significant the properties of LWE.
Material and Methods
Sample preparing

Freshly laid, M size, traditional cage eggs were used for our measurements. Eggs were taken
from a Hungarian layer farm, laid by farming Broilers. Homogenized, raw liquid whole egg
(LWE) was taken from the production of Capriovus Ltd (Szigetcsép, Hungary). Samples

refrigerated at 4 °C were transported to Szent Istvan University, Budapest. For color and



rheological measurements three times 100-100 mL of samples were packaged in polyethylene

bags, for every treatment. 3-3 packages were prepared.
HHP treatment

HHP processing was carried out in a RESATO FPU100 — 1200 HHP equipment at room
temperature. Pressure levels were chosen between 150 and 600, holding time was 5 min.
Pressure’s build up speed was 100 MPa/min, and the pressure decreasing was instantaneous.

Before and after HHP treatments samples were stored at 4 °C.
Color measurements

The color attributes L*, a* and b* were investigated using a Konica Minolta CR 200
colorimeter. The color was recorded through the special glass using the CIELab uniform color
space at room temperature. Colour determined by CIE (Commission Internationale I'Eclairage)
color is separated into three dimensions; L*, brightness, a*, red to green color and b*, yellow
to blue colour. Each liquid egg sample was measured six times, averages and standard deviance
were calculated. From results color difference (AEap, CIE formula 1976)), hue difference (AH")

and Croma (Ca») were calculated.
Inspection of rheological properties

Rheological properties were measured with an Anton Paar MCR 92 rheometer applying a
concentric cylinder system (d= 27 mm). Shear stress was measured between 10 and 1000 1/s
shear rate. For every sample the speed up and speed down tracks 31 — 31 points were taken for

flow curve.

For analysis apparent viscosity, Herschel- Bulkley model was fitted on yield curve of every
treated sample.

Results
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Figure 1.: The changes in color and texture of LWE affected by HHP between 150 and 600
MPa, 5 min



Figure 1. shows LWE samples after HHP treatments at different pressures. On the one hand
color is infused b different pressure levels, on the other hand, texture hanged ftr HHP. The
highest changes were found in L* values. L* increased affected by pressure. Calculated data

from L*, a* and b* are summarized in Table 1.

Table 1. Color difference (AEap ) and hue difference (AHab ') of HHP treated LWE samples

calculated for control and Croma (Cab” of LWE

HHP, MPa AEab” AHab" Cab”

0 0 0 35,05
150 2,22 0,46 37,22
200 2,47 0,50 37,06
250 2,67 0,62 35,44
300 4,46 0,72 37,03
350 5,36 0,55 34,27
400 8,71 1,33 33,24
450 9,24 1,59 34,07
500 12,10 1,64 33,10
550 9,11 2,17 31,52
600 10,71 2,52 30,12

Color difference (AEa") increased with increasing pressure. Pressures above 35 MPa caused
well visible difference in color of LWE compared to untreated control. Like color difference,
hue difference (AHap ) was increased by HHP’s pressure level. In comparing trust, Croma Cap”
was increased by lower pressure levels, but decreased by higher pressure levels. Comparing to

control LWE pressure above 350 MPa had a negative effect on color.
Inspection of rheological properties

HHP caused a striking change in color and texture, which can be observed at different pressures

for each LWE sample.
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Figure 2.: The changes in yield curves of LWE affected by HHP between 150 and 600 MPa,

5 min

The texture of liquid whole egg samples proved to be the most resistant to pressure level of
HHP because, as shown in Figure 1, only the changes at 550 and 600 MPa caused a visible
change. Flow curves of the samples are shown in Figure 2. The control shear curve gives the
lowest shear stress values. The higher the pressure applied, the higher the shear stress values
shear stress as a function of the shear rate. The measured points of the accelerating and
decelerating sections do not overlap, the measuring points of the decelerating section show
smaller values of shear stress. The reason for this may be that the whole egg’s texture is
destroyed by the rotation of the probe. This thixotropic behavior is likely to have been a
disruption of the spatial structure of protein agglomerates and lipid compounds at higher

pressures. Similar thixotropic behavior is observed e.g. also in fat-scaled, fat-yoghurts [18].

For samples treated at 500, 550 and 600 MPa, one can observe a protruding part of the flow
curves during the accelerated measuring section (purple ellipse: 500 MPa, blue: 550 and red:
600 MPa), then the curves have a run similarly for the samples treated at lower pressures. This
protrusion occurred at different shear rates for the three samples. The higher the applied
pressure value was, the higher the peak value and the higher the shear rate were.



Table 2. Calculated constants of Herschel-Bulkley for LWE samples treated for 5 minutes
between 150 and 600 MPa

MPa 70 (Pa) K n R?2
0 0,00£0,01 0,01+0,01 1,10+0,01 0,99
150 0,03+0,01 0,01+0,02 1,02+0,01 0,99
200 0,00+0,01 0,02+0,01 0,99+0,01 0,99
250 0,03+0,01 0,01+0,01 1,02+0,01 0,99
300 0,03+0,01 0,02+0,02 1,01+£0,01 0,99
350 0,03+0,01 0,03+0,01 0,99+0,01 0,99
400 1,2140,05 0,05+0,01 0,95+0,01 0,99
450 1,26+0,01 0,224+0,02 0,89+0,01 0,98
500 1,84+0,15 0,34+0,01 0,85+0,01 0,99
550 2,46+0,01 0,45+0,01 0,76+0,01 0,98
600 12,96+0,35 0,80+0,05 0,72+0,01 0,97

Table 2. summarizes the calculated values 1o of the Herschel — Bulkley model fitted to the
measurement points of LWE samples. We can see that the values o of the yield point, 7o,
increased with the increase of the pressure level, as the consistency index, K values to show a
slight increase. In contrast, the power-law index, n, shows a slight decrease. The deviation from
the properties of Newtonian fluids is characterized by n: If we are talking about a Newtonian
fluid approaching 1, if we take values to between 0 and 1, we are dealing with a pseudoplastic
fluid. According to my results, liquid whole egg samples from near Newtonian fluid becomes
pseudoplastic, which correlates with increasing the pressure levels. Their correlation coefficient
is -0.93.

Conclusion

Summarizing our data, color is highly influenced by HHP’s pressure level. Texture and

viscosity attributes are influenced by HHP as well. | n overall, application of HHP with a



pressure above 350 MPa have negative effects of LWE’s sensorial and techno-functional

attributes.

Acknowledgements

Our research is sponsored by the projects ,,Egg white based dairy product analogs with probiotic

effects for allergic people and development of low-fat and carbohydrate products for people on
a protein-dense diet” and ,, EFOP-3.6.3-VEKOP-16-2017-00005”. We are very thankful for
that.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Jasim Ahmed, H. S. Ramaswamy, I. Alli, and M. Ngadi. 2003. Effect of high pressure on
rheological characteristics of liquid egg. LWT - Food Science and Technology 36, 5 (0
2003), 517-524. DOI:https://doi.org/10.1016/S0023-6438(03)00050-1

Ana Claudia Carraro Alleoni. 2006. Albumen protein and functional properties of gelation
and  foaming. Scientia  Agricola 63, 3  (June  2006), 291-298.
DOl:https://doi.org/10.1590/S0103-90162006000300013

V. Ambrosi, G. Polenta, C. Gonzalez, G. Ferrari, and P. Maresca. 2016. High hydrostatic
pressure assisted enzymatic hydrolysis of whey proteins. Innovative Food Science &
Emerging Technologies 38, (0 2016), 294-301.
DOIl:https://doi.org/10.1016/j.ifset.2016.05.009

T. Aymerich, P.A. Picouet, and J.M. Monfort. 2008. Decontamination technologies for
meat products. Meat Science 78, 1-2 (2008), 114-129.
DOl:https://doi.org/10.1016/j.meatsci.2007.07.007

Yinxia Chen, Long Sheng, Mostafa Gouda, and Meihu Ma. 2019. Impact of ultrasound
treatment on the foaming and physicochemical properties of egg white during cold storage.
LWT 113, (October 2019), 108303. DOI:https://doi.org/10.1016/j.1wt.2019.108303

Y .-K. Chung, M. Vurma, E.J. Turek, G.W. Chism, and A.E. Yousef. 2005. Inactivation of
Barotolerant Listeria monocytogenes in sausage by combination of high-pressure
processing and food-grade additives. Journal of Food Protection 68, 4 (2005), 744—750.
DOl:https://doi.org/10.4315/0362-028X-68.4.744

Maria De, F. Ferrari, and P. Maresca. 2015. Rheological characterization bovine serum
albumin gels induced by high hydrostatic pressure. Food Nutr. Sci. 6, (2015), 770-779.



[8] S. De Maria, G. Ferrari, and P. Maresca. 2015. Rheological characterization and modelling
of high pressure processed Bovine Serum Albumin. Journal of Food Engineering 153,
(May 2015), 39-44. DOI:https://doi.org/10.1016/j.jfoodeng.2014.12.013

[9] L. Espina, S. Monfort, I. Alvarez, D. Garcia-Gonzalo, and R. Pagan. 2014. Combination of
pulsed electric fields, mild heat and essential oils as an alternative to the ultrapasteurization
of liquid whole egg. International Journal of Food Microbiology 189, (2014), 119-125.
DOIl:https://doi.org/10.1016/j.ijfoodmicro.2014.08.002

[10] Laura Espina, Silvia Monfort, Ignacio Alvarez, Diego Garcia-Gonzalo, and Rafael
Pagan. 2014. Combination of pulsed electric fields, mild heat and essential oils as an
alternative to the ultrapasteurization of liquid whole egg. International Journal of Food
Microbiology 189, (October 2014), 119-125.
DOIl:https://doi.org/10.1016/j.ijfoodmicro.2014.08.002

[11] Negar Gharbi and Mohsen Labbafi. 2018. Effect of processing on aggregation
mechanism of egg white proteins. Food Chemistry 252, (June 2018), 126-133.
DOl:https://doi.org/10.1016/j.foodchem.2018.01.088

[12] J. C Knudsen, J Otte, K Olsen, and L. H Skibsted. 2002. Effect of high hydrostatic
pressure on the conformation of B-lactoglobulin A as assessed by proteolytic peptide
profiling.  International Dairy Journal 12, 10 (0 2002), 791-803.
DOl:https://doi.org/10.1016/S0958-6946(02)00078-X

[13] N. Naderi, J.D. House, Y. Pouliot, and A. Doyen. 2017. Effects of High Hydrostatic
Pressure Processing on Hen Egg Compounds and Egg Products. Comprehensive Reviews
in Food Science and Food Safety 16, 4 (2017), 707—720. DOI:https://doi.org/10.1111/1541-
4337.12273

[14] A. Singh and H. Ramaswamy. 2013. Effect of high pressure processing on color and
textural properties of eggs. Journal of Food Research 2, 4 (2013), 11-24.

[15] B. Tauscher. 1995. Pasteurization of food by hydrostatic high pressure: chemical
aspects. Zeitschrift fiir Lebensmittel-Untersuchung und -Forschung 200, 1 (1995), 3-13.
DOl:https://doi.org/10.1007/BF01192901

[16] Adrienn Toth, Csaba Nemeth, Ferenc Horvath, Ildiko Zeke, and Laszlo Friedrich. 2017.
Impact of HHP on microbiota and rheological properties of liquid egg white, a kinetic study.
Journal of Biotechnology 256, Supplement (0] 2017), S93.
DOIl:https://doi.org/10.1016/j.jbiotec.2017.06.1119



[17] S. Unluturk, M.R. Atilgan, Baysal Handan, and C. Tari. 2008. Use of UV-C radiation
as a non-thermal process for liquid egg products (LEP). Journal of Food Engineering 85, 4
(2008), 561-568. DOI:https://doi.org/10.1016/j.jfoodeng.2007.08.017

[18] Shen-Siung Wong, Rachel Wicklund, John Bridges, Judith Whaley, and Yan Bing Koh.
2019. Starch swelling behavior and texture development in stirred yogurt. Food
Hydrocolloids (0 2019), 105274. DOI:https://doi.org/10.1016/j.foodhyd.2019.105274



