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Abstract The aim of this study was to investigate the effect
of cold plasma treatment on the inactivation of microorgan-
isms on meat surface and its influence on colour of meat and
pH value. Nitrogen, argon and helium plasma were generat-
ed by high voltage discharge in a vacuum chamber (final
0.8 MPa) with exposure times of 5 and 10 min. Total number
of microorganisms, psychrotrophs and number of yeast and
mould were determined using plate method. Instrumental
evaluation of colour parameters L* a* b* was performed
by colorimeter Minolta Cr 400. Psychrotroph bacteria counts
and total number of microorganisms exposed to helium and
argon plasma for 10 min were reduced about 3 log cfu/cm?
and 2 log cfu/cm? respectively. Increasing reductions of
yeasts and moulds were also obtained and were about
3 cfu/cm? (helium) and 2,6 cfu/cm? (argon). The usage of
nitrogen plasma has not resulted in any significant reduction
of counts of psychrotrophs and total. number of microorgan-
isms. Yeasts and moulds were little affected by nitrogen
plasma and their numbers decrease about 1 log cfu/cm?® after
10 min of treatment. No significant differences in colour
parameters and pH value after cold plasma treatment were
observed. These results demonstrated that cold plasma has
antimicrobial activity and could be a promising method of
biodecontamination, but further investigations focusing on
meat quality have to be determinate.
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Introduction

Fresh, unprocessed meat is highly prone to microbial contam-
ination, resulting in loss of quality and/or food spoilage and
consequently food-borne illness. Conventional preservation
methods base on control by temperature, moisture and inhibi-
tory processes like ionizing radiation and packaging. Scalding
and singeing, chilling, water spraying, steams, ultraviolet light
are commonly used as a physical treatments in food industry for
decontamination of pig carcasses. Chemical decontamination
treatments comprise a wide variety of substances such as or-
ganic acids (acetic acid, lactic acid)electrolyzed water, potassi-
um sorbate, sodium hypochlorite(NaClO), trisodium phosphate
(TSP) (Loretz et al. 2011). Many of them result in chemical and
physical changes involving colour, odour, and texture of meat.
Taking into consideration demands of consumers, which expect
high quality, microbial safety, ecological products with normal
flavor and taste, researchers have focused more on alternative
decontamination methods such as non-thermal technologies
(Aymerich et al. 2008, Zhou et al. 2010). One of them, novel
method is gamma irradiation. This treatment is effective but
poorly accepted by consumers, thus application in food indus-
try is limited in contrast to the cold plasma technology (Moreau
et al. 2008).

The cold plasma is defined as a partially ionized gas con-
taining molecules, charged particles in the form of positive
ions, negative ions, free radicals, electrons and photons. Those
plasma species can interact with the bacterial cells and can
effectively inactivate a wide range of microorganisms including
spores and viruses (Misra et al. 2011). The most common
method for plasma generation is by use of electrical discharges.
Cold plasma is obtained at lower pressures and is characterized
by thermodynamic disequilibrium between the electrons and
the heavy species, thus the temperature of plasma is about 30—
60 °C (Misra et al. 2011). Those properties make cold plasma
technology a potential method of decontamination in the food
industry, especially in treatment of thermolabile food products
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(Moreau et al. 2008). Plasma techniques have also advantages
like: environmentally friendly, clean, safe for operators and
allow treatment of wide range of materials with different prop-
erties (Bazaka et al. 2011).

The combination of various types of treatments improve the
microbial stability and/or food quality. That hurdle technology
has been defined by Leistner (2000) as an intelligent combi-
nation of food preservation food methods. For example, cold
plasma treatment combined with edible films could provide a
great opportunity for decontamination system in the future.

The objective of this study was to determine antimicrobial
efficiency of helium, nitrogen and argon cold plasma treat-
ment on surface microflora of meat as well as to observe
changes in colour parameters and pH values.

Materials and methods

The pork longissimus dorsi muscle was obtained from Meat
Industry “Dworeccy” plant. The surface layers of muscle
(thickness 2 cm, length 7 cm, width 7 cm) were cut out and
were exposed to helium, argon and nitrogen cold plasma for
5 and 10 min at low pressure (0.8 MPa). These samples were
compared to samples not subjected to cold plasma treatment.
The prototype pulsed plasma reactor (Ertec Poland) for this
research was used (Fig. 1). Cold plasma was generated by
high voltage discharge in a vacuum chamber (diameter
250 mm, height 500 mm, vacuum under 1 mbar) between
the electrodes of the discharge condenser located on high
voltage table, where the meat sample was placed. The fre-
quencies used for the alternating voltages were between 20
and 100 kHz and reactive power was 1.2 kVA.

Sampling was started immediately after cold plasma expo-
sure. Sterile cotton swabs were used for surface sampling in
accordance with ISO 18593:2004. The swab head was

L

Fig. 1 Cold plasma generator

moistened with sterile saline solution and excessive solution
was pressed out against the interior wall of the vial with a
rotating motion. A template with a 5 cm*5 cm opening was
used to sample the same surface area each time. After the area
has been swabbed, the swab head was placed in the vial and
series of dilutions were prepared (ISO 17604:2003). Determi-
nation of total number of microorganisms was done using
plate method described in ISO 2293:1988. Colonies were
counted after 72 h of incubation in 30 °C on culture medium
containting tryptone, yeast extract, glucose and agar.
Psychrotrophs were determined on PCA plates (hydrolyzed
casein, yeast extract, glucose, agar) incubated at 6 °C for
10 days (ISO 17410:2001). For the determination of total
numer of yeast and mould culture medium supplemented with
antibiotic (chloramphenicol) was used. Other components,
which were used to prepare medium, were yeast extract,
glucose and agar. Plates were icubated for 5 days at 25 °C
(ISO 21527-1:2008). The results are expressed as log cfu/cm?.

Colour was measured on the fresh meat surface and im-
mediately after cold plasma treatment using colorimeter
Minolta Cr400. The results were expressed in CIE LAB
colour scale, where L* determines lightness, a* redness,
b*yellowness. L* value is in the range of 0-100, where 0
represents black and 100 represents perfect reflecting diffuser.
The a* and b* indicate colour directions, where +a* is red; —a*
is green; +b* is yellow; —b* is blue. pH values were deter-
mined by using pH-meter.

The experiment was done in triplicate and plate count
analyses were made in duplicate of each sample (three inde-
pendent experiments analyzed in duplicate). Data were ana-
lyzed by one-way factor analysis of variance (Anova) using
Statistica 9. Differences between means were established
with Duncan Test with 5 % significance.

Results and discussion

The effect of helium plasma treatment on reduction of microor-
ganisms is shown in Fig. 2. Total numer of microorganisms and
yeasts and moulds were reduced about 2 log cfu/cm?. A longer
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Fig. 2 Actual count of psychrotrophs, total numer of microorganism
and yeast and mould after helium plasma treatment
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Fig. 3 Plate counts of total number of microorganism after various time
of helium plasma treatment
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Fig. 4 Actual count of psychrotrophs, total numer of microorganism
and yeast and mould after argon plasma treatment
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Fig. 5 Actual count of psychrotrophs, total numer of microorganism
and yeast and mould after nitrogen plasma treatment
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Table 1 Colour measurements of fresh meat

Time of exposure (min) Parameters
L* a* b*
Nitrogen plasma
0 41.79 6.47 1.19
5 39.81 6.52 1.57
10 41.06 6.30 1.50
Helium plasma
0 41.64 6.15 1.84
5 40.39 6.57 2.11
10 39.36 6.31 2.01
Argon plasma
0 42.28 6.55 1.67
5 41.32 6.45 1.78
10 40.98 6.89 1.83

No significant (P>0.05) difference between all colour parameters

time of exposure caused greater inactivation of microbes on
meat surface. After 10 min treatment, helium plasma reduces
those microbes about 3 log (Fig. 3). A significant reduction in
the log counts of psychrotrophs was noted and was 1.9 and
2.7 log cfu/cm? respectively after 5 and 10 min of exposure. The
usage of argon plasma treatment results in significant reduction
of psychrotrophs, total bacteria, and yeast and mould respec-
tively about 1,1 log cfw/em?; 1,3 log cfw/em?; 1,15 log cfu/em?
(Fig. 4). It was also observed that those microbes were reduced
about 2,1 log cfuw/em?; 2,3 log cfuw/em?; 2,6 log cfu/cm’when the
time of exposure was increased to 10 min.

The lower antimicrobial efficiency was observed for ni-
trogen plasma treatment (Fig. 5). Reduction of total number
of yeasts and moulds on meat treated this type of plasma was
obtained and was about 0.5 and 1.0 log cfu/cm’ lower
compared to control sample. No significant differences of
psychrotrophs and total numer of microorganisms were ob-
served between control sample and sample treated with
nitrogen plasma for 5 and 10 min of exposure. The results
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Fig. 6 pH values of meat
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suggest that the usage of argon and helium as a process gas
may provide more efficient decontamination.

Antimicrobial activity of cold plasma treatment on meat
and meat products has been shown in various studies (Kim
etal. 2011; Moon et al. 2009; Noriega et al. 2011; Song et al.
2009). Depending on the time of exposure, type of used gas,
plasma sources or treated product, influence of cold plasma
treatment on inactivation of microorganism is different. Kim
et al. (2011) found that helium and helium/oxygen mixture
reduce growth of Listeria monocytogenes, Escherichia coli
and Salmonella Typhimurium on sliced bacon respectively
about 1-2 log cycle and 2-3 log cycle, which indicate that
gas mixture is more efficient. Song et al. (2009) observed
that Listeria monocytogenes log reduction increased with
increases of input power and plasma exposure time. More
than 8 log reductions in sliced cheese and 1.7 log reduction
in sliced ham can be achieved in 2 min at 150 W (Song et al.
2009). In Noriega et al.’s study (2011) it has been demon-
strated that cold atmospheric gas plasmas could be employed
for biodecontamination of chicken tissue, because an 8 min
treatment gave 1 log reduction of Listeria innocua on skin,
and a 4 min treatment gave >3 log reductions on muscle .
Sterilization efficiency of helium plasmas generated in at-
mospheric pressure was confirmed by Moon et al. (2009),
where the reduction of Escherichia coli inoculated on pork
surface was comparable with that of a conventional UV
sterilizer. UV radiation, charged particles and reactive spe-
cies are responsible for plasma sterilization, because they can
interact with the bacterial cells. Inactivation of microorgan-
isms may be due to destruction by UV irradiation of the DNA
of microorganism, erosion of the microorganism, atom by
atom, through intrinsic photodesorption or etching (Moisan
et al. 2002). Mentioned antimicrobial agents are produced in
dependence on the adjusted parameters like gas composition,
flow rate, moisture, temperature and excitation properties as
a consequence of physical and chemical processes inside
cold plasma (Ehlbeck et al. 2011). Therefore effect of plasma
sterilization could be different.

Colour changes of meat samples treated with nitrogen and
helium cold plasma are shown in Table 1.

No significant differences in the L*-, a*-, and b*-values
between any of the plasma treated samples and control were
found. Similar results were obtained by Moon et al. (2009).
There were no significant changes in colour of pork surface
after atmospheric pressure plasma treatment for 1 min at an
input power of 150 W (Moon et al. 2009). On the other hand
Frohling et al. (2012) found that longer indirect plasma
treatment led to lighter meat samples. Increase of a* values
and decrease of b* values of pork meat after plasma treat-
ment in comparison to untreated meat samples was observed.
Rod et al. (2009) indicate that plasma treatment increases
lipid oxidation depending on plasma power, treatment time
and storage. Kim et al. (2011) observed fluctuating

concentrations of thiobarbituric acid reactive substances
(TBARS) in sample treated cold plasma. They suggest oxi-
dation may constitute an issue in some products.

No significant changes in pH values were observed for all
plasma treatment and control sample (Fig. 6). Similar results
were obtained by Kim et al. (2011). Adler et al. (1998) com-
pared the cost of different sterilization techniques—plasma,
ethylene oxide and formaldehyde—for sterilizing thermolabile
products. They indicated that plasma sterilization is cheaper
than other techniques (even steam sterilization) due to its rela-
tively shorter time of exposure. Besides other benefits after
implementing the plasma technology are: avoided payments
for air pollution, less personnel and monitoring cost. Low-
pressure technology has some limitations connected with costly
vacuum chamber, but it depends on application scale in the
future.

Conclusion

The results of the present study have shown that usage of
argon and helium cold plasma to inactivation of microorgan-
ism is a promising method of biodecontamination. In spite of
great potential there are still a lot of issues that need to be
further investigated. Optimization of cold plasma parameters
is required to enhance significant reduction of microorgan-
ism after nitrogen plasma treatment. Moreover the effects of
cold plasma treatment on quality of meat, especially oxida-
tion process, have to be determinate. Taking into consider-
ation that colour is known to play an important role in
acceptability of meat, positive aspect of cold plasma treat-
ment is lack of changes in that quality attribute.
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