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Introduction
Brettanomyces bruxellensis is often considered as the most important yeast contaminant in 

wines (Agnolucci et al., 2017; Oelofse et al., 2008), due to the negative impacts on wine orga-

noleptic characteristics. Herein, main sensory changes are related with production of volatile 

phenols, primarily 4-ethylphenol and 4-ethylguaiacol, compounds responsible for animal, hor-

se sweat, medicinal and animal leather odors (Chatonnet et al., 1992). This yeast causes signi�-

cant �nancial losses in all geographic regions of the world, since contaminated wine is not de-

sirable for consumption (Agnolucci et al., 2017; Di Toro et al., 2015). Generally, one of the main 

challenges of modern winemaking is controlling growth of B. bruxellensis, since this yeast has 

an ability to tolerate environmental stresses such as high ethanol content, low pH and oxygen, 

low sugar and low fermentable nitrogen concentrations (Curtin et al., 2015). Previous investi-

gations reported that successful control of its growth could be achieved by addition of sulfur 

dioxide (SO
2
), but suggested concentrations are relatively high - over 2.1 mg/L of molecular 

SO
2
 (Agnolucci et al., 2014), meaning that this addition will most probably result in exceeding 

the legal limitation regarding its dosage, as well as a!ect sensory properties and potentially 

human health. Even if the sensory and health aspect are ignored, higher addition of SO
2
 will 

not be e!ective in all cases due to  presence of resistant strains of B. bruxellensis yeast and cross 

contaminations in cellar operations (Fabrizio et al., 2015). Moreover, it was demonstrated that  

addition of sul�tes causes B. bruxellensis yeast to enter ‘viable but not culturable’ (VBNC) state,  

where it maintains metabolic and cellular activity but does not grow on selective media (Agno-

lucci i sur., 2010; Agnolucci i sur., 2017; Du Toit i sur., 2005; Serpaggi i sur., 2012). 

In last several years, there has been a growing interest to �nd an adequate alternative for 
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SO
2

-
tage electrical discharge (HVED) plasma. Generally, plasma is referred to as the fourth state 

oscillations in ionized gas (Langmuir, 1928). Due to  diversity of plasma, it is used in various 
!elds like textile, electronics, life sciences, packaging, etc. (Roth et al., 2007). In the past several 
years, application of  HVED plasma in food technology, especially for microbial inactivation, 

in controlling of undesired microorganisms depends on numerous factors, such as type of 

reactor con!guration) and physicochemical parameters of treated media (pH, conductivity, 
temperature, generated radicals) (Liao et al., 2017; Misra et al., 2011; Stulić et al., 2019; Vukušić 

increasing their shelf life (Fernandez et al., 2013; Gurol et al., 2012; Misra et al., 2014).
-

ency and treatment duration) on inactivation of B. bruxellensis 

e$ect of HVED plasma using optimal frequency and selected treatment durations, during 90 

Materials and methods
Chemicals

Brettanomyces 

bruxellensis

Netherlands) and commercial Brettanomyces agar from Laboratorios Conda (Madrid, Spain). 

Wines

Vitis vinifera L.), vin-

Brettanomyces bruxellensis yeast at approximately 6 log CFU/mL. Initial 

High voltage electrical discharge (HVED) plasma treatments

load capacitor of 1.13 nF to up to 30 kV and then discharging the stored charge into the plasma 
-

Tektronix P6015A high voltage probe connected to a Hantek DS05202BM oscilloscope. Experi-

from three di$erent frequencies (60, 90 and 120 Hz), applying the treatment for 3, 5 and 10 
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of previously stated processing parameters. Temperature of the samples before and after the 

after the plasma exposure temperature raised for up to 1 °C after 3 min; up to 3 °C after 5 min; 
up to 6 °C after 10 min; up to 11 °C after 20 min and up to 15 °C after 30 min of HVED treatment. 

Determination of culturability of Brettanomyces bruxellensis yeast

the colony forming units (CFU) of B. bruxellensis

-

Statistical analysis

di$erent after ANOVA (p < 0.05).

Results and discussion
-

sisted in variation of applied treatment frequencies during shorter treatment durations. Frequ-

the optimum frequency for the reduction of B. bruxellensis

can be observed that all applied treatment variations resulted in decrease of culturability, but 

treatment. 

of microorganism, processing variables (voltage, frequency, discharge polarity, treatment du-

(pH, conductivity, temperature, generated free radicals) (Liao et al., 2017; Misra et al., 2011; 

frequency and input voltage results in greater inactivation  (Dasan et al., 2016; Lu et al., 2014), 
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Fig. 1. E$ect of frequency variations on culturability of B. bruxellensis -
ring 3, 5 and 10 min of HVED plasma treatment. Data presented as average value of three repe-
titions (N=3) ± standard deviation

Slika 1. Utjecaj frekvencije na rast stanica kvasca B. bruxellensis u crnom vinu nakon 3, 5 i 
10 min tretiranja hladnom plazmom. Rezultati su prikazani kao srednja vrijednost tri paralele 
(N=3) ± standardna devijacija. 

-
ency of applied HVED plasma treatments. For example, resistance of fungi is commonly higher 

to higher resistance of B. bruxellensis 

B. bruxellensis 

trends could be observed: the longer treatment duration applied, the higher reduction of B. 

bruxellensis achieved. But, similar to the previously described results in the !rst phase, com-

variations. The highest reduction could be observed after 30 min-treatment that resulted in 
only 30 % reduction in comparison to the control sample. 
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Fig. 2. E$ect of treatment duration on culturability of B. bruxellensis 
presented as average value of three repetitions (N=3) ± standard deviation

Slika 2. Utjecaj duljine tretiranja na rast stanica kvasca B. bruxellensis u crnom vinu. Rezulta-
ti su prikazani kao srednja vrijednost tri paralele (N=3) ± standardna devijacija. 

Finally, the third phase examined the long-term e$ect of applied process parameters 
(frequency of 120 Hz during 3, 5, 10, 20 and 30 min of treatment duration) on culturability of 
B. bruxellensis. 

and sample treated for 3 min. 
The results suggest that, after HVED plasma treatment, B. bruxellensis entered ‘viable but 

media, even though they are still alive and maintain metabolic and cellular activity (Agnolucci 
B. bruxellensis is un-

important agent that induces VBNC state in B. bruxellensis (Agnolucci et al., 2010; Agnolucci et 
al., 2017; Du Toit et al., 2005; Serpaggi et al., 2012). As additional con!rmation of VBNC state, 

-
B. bruxellensis  completely recovered 

-
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Fig. 3. Long-term e$ect of HVED plasma treatment (frequency of 120 Hz during 3, 5, 10, 20 
and 30 min) on culturability of B. bruxellensis 
of three repetitions (N=3) ± standard deviation. Di$erent letters indicate signi!cant di$erences 

Slika 3. Dugoročni utjecaj tretmana hladnom plazmom (frekvencija od 120 Hz tijekom 3, 
5, 10, 20 i 30 min) na rast satnica kvasca B. bruxellensis u crnom vinu. Rezultati su prikazani kao 
srednja vrijednost tri paralele (N=3) ± standardna devijacija. Različita slova označavaju stati-

Conclusion

treatment duration resulted in higher reduction in culturability of treated yeast. Neverthele-
ss, applied HVED plasma treatment did not result in complete inactivation of Brettanomyces 
bruxellensis
during storage period culturability almost completely recovered, especially after 30 days of 
storage. It can be concluded that applied HVED treatment caused the cells to enter VBNC state, 
and this research represents the !rst evidence of VBNC state of B. bruxellensis after application 
of HVED treatment. Finally, it is necessary to conduct further research to !nd the most appro-

inactivation of this spoilage yeast. 
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