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Cold gaseous plasma sterilization provided an interesting alternative to conventional methods of 

microorganism killing as revealed by recent literature reports [1-3]. Since low temperature plasma 

discharges offer several remarkable advantages - as low working temperature, short treatment 

time  and non-polluting capabilities  -  our  study was intended to  search the  efficiency of  this 

method on low contamination levels similar to those related to usual bioburden  in medical and 

food industries. Helium plasma (spectral purity 99.99% and flow rate of 0.15 l/min), generated at 

atmospheric pressure by asymmetric dielectric barrier discharge (applied voltage 9 kV peak to 

peak value, 13.5 kHz frequency) [4] was used in a microorganisms sterilization experiment (Fig.1)

Fig. 1 Experimental setup 
The effect of microorganism inactivation was investigated on three types of bacteria (two strains 
of Gram Positive germs:  Bacillus subtilis ATCC 6633 and Staphylococcus aureus ATCC 25923, 
one of Gram negative bacteria,  Escherichia coli  ATCC 25922  ), and a fungi strain (Candida 
albicans ATCC 10231). The microbial strains intended for the assay - not older than 24 hours – 
were  seeded  on  adequate  culture  media:  Mueller-Hinton  agar  (Oxoid)  for  bacteria,  and, 
respectively Sabourand nutrient agar (Merck) for yeast. In each case the microorganism inoculum 
was prepared in normal physiological sterile saline at density of approximately 3.108 cells/ml for 
bacteria and 107 cells/ml for yeast [5]. Equal aliquots from each inoculum (0.2 ml) were added to 
10 ml  molten agar which has been cooled to 45°C, into sterile plastic Petri  plates (100 mm 
diameter)  and  mixed  thoroughly. After  the  seeded  agar  solidification,  the  assay  plates  were 
exposed to the plasma treatment. The inoculated plates were placed on the surface of the grounded 
electrode. The helium flow acts on the atmospheric pressure air, so oxygen and nitrogen atoms, 
free radicals reach the surface of the Petri plate. The experimental treatment design has included 
two distances between the electrodes (2.5 cm and respectively 3.5 cm) and four duration of the 
exposure time - 25, 50, 75, and 100 seconds, respectively. Four repetitions of every exposure type 
were carried out in the frame of the same Petri dish. After the plasma treatment, all the plates were 
incubated 24h at 37°C for bacteria and 48h at 30°C for yeast, respectively. The samples were 
evaluates  after  incubation  period.  Each  assay  in  this  experiment  was  twice  repeated.  The 
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qualitative and quantitative analysis of the growth inhibition zones revealed on agarized culture 
medium was carefully accomplished after incubation. The visual inspection of the transparent 
zones  shaped on the  opaque background evidenced  generally quasi  uniform discs– from the 
qualitative viewpoint. The responses of all analyzed microorganism strains are summarized in the 
graph bellow. As one can see an increase of the inhibition zone size was obtained to the increase 
of the plasma exposure time for each germ type.

Fig. 2 Microorganism response to plasma exposure for 3.5 cmdistance between the electrodes; 
d-inhibition zone size;t- exposure time

The largest diameter of the inhibition zones was evidenced in E. coli strain where the double of 

the value corresponding to 25 seconds exposure was obtained. While for 100 seconds exposure 

time in B. cereus the lowest effect was revealed (no inhibition zone for 25 seconds and only 3 mm 

diameter for 100 seconds).  The differences in the inactivation levels should be related to the 

microorganism different  sensitivities  to  the  impact  on  the  various  reactive  species  generated 

within the atmospheric plasma discharge,  due to oxygen and nitrogen atoms [7]. Consequently, 

the charged particles have a very important role in sterilization since no heating of the surface was 

noticed (e.g. the agar should melt at quite low temperatures, approximately 50°C). Moreover, we 

noticed that at a larger distance between the electrodes, the sterilization was more efficient since 

probably more oxygen and nitrogen is drawn with the gas flow.
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