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ABSTRACT

Pork meat (m. longissimus dorsi) was treated with high pressure of 100, 200, 300 and 400 MPa. The pressure
was applied for 10 minutes at room temperature. The concentration of hydrogen ions increased by 0.2 units
within the pressure range of 300 and 500 MPa. The application of 300 and 400 MPa resulted in the increase of
drip loss and contributed to the decrease in free water content compared to the control sample. All tested
pressures caused a decrease in added water and thermal drip. The changes of these parameters strengthened with
the increase of pressure applied. Pressures between 100 and 200 MPa slightly brightened the meat color but
significant changes of this parameter began at 300 MPa. The greatest increase in color brightness and the largest
share of the denatured myoglobin were observed following the application of 400 MPa.
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INTRODUCTION

The technology of high pressure (HP - technology, pascalization, izostatic pressuring) is a
non-heat technique used for food processing at pressure ranges between 100 and 1000 MPa.
The first work in this field was done by Hite in 1899, who treated some food products with a
pressure of 680 MPa (Mertens 1993). In Japan in 1990, high-pressure technology was
implemented on industrial scale in fruit processing. Apart from this, the above technology was
applied to expand the shelf time of squids and sashimi, as well as to shorten the length of raw
ham ripening from two week to 3 hours (Drobisz-Kopydlowska, 1997).

High pressure affects microorganism activity and can delay or accelerate enzymatic
processes, resulting in changes to food components due to configuration alternations
(Tauschner 1995). It can be generally stated that the application of high pressures in low or
moderate temperatures does not change the sensoric and nutritious value of food, however, it
may influence the native protein and lipid configurations and the raw material technical
properties (Hayakawa et al 1996, Tyszkiewicz 1997). Based in the above, studies on
determining the influence of high pressure on selected parameters characterizing pork quality
were undertaken.

MATERIALS AND METHODS

The experiment was carried out on a swine muscle (M.longissimus dorsi) originating from
nine individuals of the same sex. The raw material was sampled from cooled carcasses, 24
hours following slaughtering 180-200 g (about 200 x 40 mm) samples were cut out along
muscle fibers from each muscle. Each sample was weighted and placed in a polyamide foil.
The samples were treated with the following pressures: 100, 200, 300, 400 MPa at the same
temperature of 20 °C for 10 minutes in a high pressure chamber at the Central of High
Pressure Research of the Polish Academy of Sciences in Warsaw. In the above experiments,
water was used as the medium conveying pressure. The time of compression and
decompression was 50 and 40 seconds respectively. The samples were then stored at the
temperature of 4 °C for 24 hours and then underwent the following analyses.

After the removal of the polyamide foil, the resulted discharge was separated and the meat
sample was weighed and the amount of the discharged liquid was calculated on the basis of
the weight difference between the samples before and following pascalization. A pH-value
was carries out with the use of PHM-80 pH-meter with a GK-2401 C combined glass
electrode. Meat water capacity was determined in a centrifuge following meat sample
homogenization with distilled water for 15 seconds at 10 000 rpm and centrifuging the
homogenate for 6 minute at 400g. The ability to maintain native water was determined on the
basis of the amount of discharge resulting from treating the prepared meat sample with the
pressure of 6630.39 Pa (2 kg) for 3 minutes (Hamm 1972). Thermal drip was also determined
after the prepared meat samples were heated at a temperature of 80 °C for 30 min (Kotter et al
1968). The color was determined sensorically and the color physical parameters were
specified by: photometric brightness, the dominant wavelength and the colorimetric purity
(with the use of the SPECOL spectrophotometre with a Rd/0 device calibrated against barium
oxide. The total concentration of pigments and their denaturation degree was also determined.
A cooled (0 °C), 0.04 M phosphate buffer at pH 6.8 was used to extract the pigments
according to the Warris (1979) technique. The absorbency of the obtained solution was
determined at the following wave: 525 and 700 nm. Based in this, the concentration of
denatured and non-denatured myoglobin was calculated with the use of the following
formulas:
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The myoglobin concentration: /M/ = (E525 - E700) * 2.303 * the dilution co-efficient

% of denatured myoglobin = [1-(M in the pascalized sample/M in the control sample)]*100
(Trout 1989)

The results obtained were the average of the three samples from 9 meat samples which
underwent statistical analysis with the use of Duncan's test.

RESULTS

The control samples featured a pH level of 5.61. Pressures of 100 and 200 MPa did not
change the above parameter. However, the application of pressures of 300 and 400 MPa
contributed to the increase of hydrogen ion concentration by around 0.2 units, to the level of
5.78 and 5.8 (table 1). The results obtained indicate that the pascalization of meat removed
from a carcass following rigor mortis does not change the pH value or, in case of the
application of the pressure of 200 MPa, may increase pH value. The above changes, however,
are not as radical as the ones reported by other authors who pressurized meat removed from
carcasses before rigor mortis. The pressure causes rapid glycolyses and a consequent violent
decrease in pH value to the minimum level (Elkhalifa et al. 1984a, 1984b, Macfarlane 1973,
Horgan 1980/81, However , Suzuki et al 1990) after applying a pressure between 200-300
MPa for 5 minutes, 72 hours following the cattle slaughter, reported a mild pH-value increase
in muscle tissue by 0.2 units. The author correlates the pH-value increase with the
configuration changes of petide chains. Similarly, other authors demonstrated that processed
fish treated with pressure produced only a slight pH value increase (Kloczko and Chudoba
1997).
Table 1. The influence of high pressure on pork pH value

Parameter control | Sample treated with the pressure (MPa)
sample [ 00 | 200 | 300 | 400

pHvalue | 561 % 1561 %017 578 % 0.15F |5.78 ¥ 0.14°| 580 %
0.12*° 0.13°°F

1. All results are average * standard deviation from 9 muscles
2. Values marked with the same letters differ significantly (pH=0.01)

The effect of pressure on muscle tissue water holding capacity were evaluated on the basis of
the determination of the discharge, free water, added water bonding ability as well as thermal
drip level. The results of the above analyses were included in Table 2.

Table 2. Hydration properties of pork treated with pressures of 100, 200, 300, 400
MPa for 10 minutes

Parameter control | Sample treated with the pressure (MPa)
sample [ 100 | 200 | 300 | 400

. + AB + AC + BD + E
drip loss 4.2 = 2.04 | 6.96 = 1.42 ‘7.06 1.49 | 5.04.1.56 | 426~ 1.52
free water | 22.4148¢ + % 8.05 * %
[%] 7.00 23.69 ~ 6.81°%| 26.97.7.69%F |  4.085PC | 9.95 = 3,746
thermal 31.19% " 30.15 26.94*
drip [%] 2.62°% 12976 =2.73°|  3.13%F 3.66°°F | 24.66.2.50"F
water
holding % % %
capacity 31.12 — 28.37 20.00 —
(%] 13.1448¢ 12.79"F 21.28.5.15* 7.838P 19.03.5.92F

1) as in table 1

I PRINT



The discharged amount constituted 4.22% of the tissue mass. Pressures of 100 and 200 MPa
resulted in a discharge increase to the level of 6.96 to 7.06%. At a pressure of 300 MPa the
discharge amount was smaller, while at 400 MPa it was the same as in the control sample.
The amount of free water, which equaled 22.41% in the control sample, also changed
according to the applied pressure. The amount of free water was larger by 1.28% in samples
treated with 100 MPa and samples treated with 200 MPa increased by 4.56% compared with
the control sample. Higher pressure also resulted in the reverse direction of changes, since the
amount of free water under pressures of 300 and 400 MPa was lower than in the control
sample and equaled only 8.05% and 9.95% respectively.

In case of the amount of thermal drip, the same tendency was observed regardless of pressure
level. Each of the tested pressures resulted in a decrease in this parameter in comparison with
the control sample. However, pressures of 100 and 200 MPa changed the discharge amount
by 1.04-1.43% but for applied pressures of 300 and 400 MPa the discharge was 4.25-6.53%
lower. Thus, the discharge resulting during the heating of samples which were treated with
300 and 400 MPa was significantly lower than in the control sample. The meat pressurized
under these conditions featured the maintenance of native water ever following the heat
treatment. According to the references, pressure may cause muscle fiber structure damage. It
is mainly connected with actin and myosin filaments and cell organelle, however, changes in
cell membrane structure, which progress with the increase of pressure, are not excluded
(Elgasim and Kennick 1982, Suzuki et al 1990). The above may result in the observed
discharge increase of meat juice following the treatment of pressures at the level of 100-200
MPa. However, in the case of 300 MPa the discharge is lower, and at 400 MPa it is
comparable with the control sample, which indicates both better water maintenance by cell
protein structures and, consequently, lower discharges as well as apparently greater cell
membrane damage. This correlation is very clearly shown in the case of determining the
amount of free water. Its amount at pressures 300-400 MPa is less than half of the samples not
treated with pressure. This indicates a very strong native water bonding by fibrous muscle
proteins. Literature notes indicated that high levels of pressure applied even at low
temperatures result in the gelation of muscle proteins (Schoberl et al 1997, Bonderias et al
1997, Okamoto et al. 1990). Gels formed under pressure are smoother, more flexible and of
stronger structure than gels obtained as the result of heat treatment, and feature very good
water bonding ability (Cheftel and Culioli 1997). The existence of very good native water
bonding ability, as found in our own studies, following the application of 300-400 MPa,
indicates that such levels of pressure cause pork protein gelation and, consequently, better
water bonding ability.

Further results illustrate the ability of broken-up muscle tissue to bond added water. It was
established that all of the applied pressures resulted in a decrease in water bonding degree.
The pressure of 100 MPa changed this feature slightly. Pressures of 200 and 300 MPa caused
further decrease in water absorbability. The samples treated with 400 MPa featured the
poorest ability to bond water.

The significant pressure effect on muscle protein hydrofilic properties was also shown. The
achieved results are similar to the experimental results obtained by Macfarlane (1974) who
worked on with sheep meat. This author demonstrated that pressures between 0.1-150 MPa
cause slight changes in water absorption and pressures above 150 MPa result in a decrease in
muscle tissue water absorption.
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Following the sensoric determination of pork meat color, it was established the pressures such
as 100 and 200 MPa cause only a slight meat brightness, from intense red to light red,
whereas higher pressures resulted in significant meat color change, at 300 MPa to pale pink
and at 400 MPa to white and gray color.

The meat color was also determined instrumentally through determining its photometric
brightness, colorimetric purity and the dominant wavelength. The color brightness analysis
showed its insignificant increase at pressures of 100-200 MPa. Clear changes in this
parameter ware observed at higher pressures. Photometric brightness increased at 300 MPa up
to the level of 56.12 and at 400 MPa up to 61.37 (the control sample was 32.26). The
measurement of the dominant wavelength showed the following differences between the
experimental samples and the control sample: in the pascalized samples at lower pressures,
slightly higher values were observed, whereas at pressures between 300-400 MPa a shift of
the dominant wavelength towards the shorter waves were noticed. This correlation was
clearest under the application of 400 MPa. Also, values characterizing the colorimetric purity
indicated an increasing tendency at pressures between 100-200 MPa, whereas pressures 300-
400 MPa resulted in the reverse tendency (table 3).

Table 3. Physical parameters of pork color treated with the following pressures 100,
200, 300, 400 MPa for 10 minutes

control | Sample treated with the pressure (MPa)
Parameter

sample [ 100 200 300 | 400
photometric % %
brightness 32.26 ~ % 56.12 —
[%] 5.82°F 13420 % 5.067(32.29.5.59%F | 8.23A°F  161.37.6.255"F
colometric 5. 0.992 % 5
purity [%] |0.787 — 0.13 | 0.800.0.21 0.14% 0.760-0.13 |0.645 ~ 0.08"*
dominant % %
wavelength 604.24 — 606.53 — . e
[nm] 8.11 604.61.0.13 8.12 602.22 ~ 7.34|601.11 — 7.33

The amount of myoglobin extracted from samples that were not treated with pressure
averaged 1.36 mg/g of muscle tissue. It was observed that the higher the pressure applied,
resulted in the smaller amount of extracted pigments. The smallest differences, compared to
the control sample, were observed following the application of 100 MPa, and only half as
much pigment was extracted following the application of 200 MPa. Almost three times less
pigment was extracted following the application of 300 MPa, and even less pigment was
isolated by applying 400 MPa. Poorer muscle pigments extracting ability from the tissue may
result from many factors such as for instance microfibrous protein aggregation which make
pigment extraction more difficult or pigment structural changes, including denaturation of
myoglobin. The degree of muscle pigment denaturation in the samples treated with pressures
between 100 and 400 MPa ranged from 28.31% to 66.33% (fig 1).

I PRINT



Figure 1. The influence of pressure of 100, 200, 300, 400 MPa on muscle pigments
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According to Carlez et al (1993), the color of the prepared beef changes, beginning at a
pressure of 150 MPa (brightening with a red shade), whereas above 350 MPa the meat color
changes into white and gray, similar to cooked meat color. In his other publications, also on
prepared beef, the author suggests that the meat off-coloring results both from "whitening"
and the disappearance of the red color (Carlez et al. 1995). Similarly, Suzuki et al (1990) draw
the conclusion that the pressure of 300 MPa is responsible for the color changing into gray.
Similar results were obtained by Shigehisha et al (1991) experimenting with pork
homogenate. The color brightness increased between 100 and 200 MPa and reached the
maximum value following the application of pressure between 300 and 400 MPa. Further
color brightening was not observed until the application of 600 MPa.

The results discussed in this paper are thus similar to the above-mentioned ones. Color
brightening was observed following pressurization between 100 and 200 MPa and the
maximum brightness was obtained at 400 MPa. The observed myoglobin denaturation
increase with the increase of the applied pressure indicates the important role of such pigment
changes in the formation of pascalized meat color.

CONCLUSIONS

The results of this study on the evaluation of high pressure effect on some technological pork
properties read to the following conclusions:

1. The hydration properties of pork muscle tissue may be changed by the application of

high pressures. The range of such changes depends on the level of the applied pressure
values.

I PRINT



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

The amount of free water, the water holding capacity and thermal drip are lowest at
400 MPa.

Significant changes of pork meat color begins at 300 MPa and the samples treated
with the highest level of pressure of 400 MPa featured the highest photometric
brightness.

The myoglobin denaturation degree increases along the increase of the applied
pressure. The largest amount of the denatured pigment was found for 400 MPa.
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