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INVESTIGATING THE COMBINED ANTIYEAST EFFICACY OF PLASMA -
ACTIVATED WATER AND NATURAL PHENOLICS ON PLANKTONIC
DEBARYOMYCES HANSENII

Bernard Gitura Kimani?, Ramin Mehrabifard?, Oleksandr Galmiz?!, and Zdenko

Machala?

1Division of Environmental Physics, Faculty of Mathematics, Physics and Informatics, Comenius
University in Bratislava, Mlynskd dolina, 842 48 Bratislava, Slovakia
E-mail: kimanil@uniba.sk

Plasma-activated water (PAW) has gained attention as a potent antimicrobial agent, demonstrating its

capacity to regulate the growth of microorganisms. The production of PAW entails exposing water to cold
atmospheric plasma (CAP) which introduces short and long-lived reactive oxygen and nitrogen species (RONS)
such as H0,, O3, NO2~, NOs~ and OH radicals. The reactive species in PAW interfere with the structural integrity
and functional capabilities of microbial cells. Phenolic compounds are secondary metabolites in plants known for
their health-promoting and antimicrobial properties. The combination of PAW with natural compounds as an
antiyeast strategy could potentially yield additive or synergistic effects. Such an approach may broaden the
antimicrobial spectrum and delay the development of microbial resistance.
This study involved the use of 1 kHz transient spark (TS) discharge PAW combined with cinnamic acid, vanillin,
gallic acid and p-coumaric acid separately to create phenolics concentration of 2 or 1 mg/mL, and incubated with
10 CFU/mL of yeast Debaryomyces hansenii SZMC 8045Mo for 24 hours at 30 °C. In addition, 10 CFU/mL of D.
hansenii in sterile tap water was directly treated with TS for 10 min and incubated with each of the four natural
compounds under similar conditions. The efficacy of the PAW-phenolics was evaluated through agar plated
colony counts. The results of this study suggest that the integration of PAW with natural phenolics constitutes
an effective approach for combating yeast.

1. Introduction
Non-Thermal Plasma (NTP) technology serves as a green alternative that may be instrumental
in the progress of agricultural production, biomedical innovations, food industry, water purification,
air decontamination, and soil remediation, along with a wide array of other uses [1, 2, 3, 4, 5].

The control of fungi in agricultural, industrial and medical environments is fraught with
challenges, stemming from their resilience and the multifaceted nature of these contexts [6]. Yeasts
are exceptionally adaptable, able to endure extreme environmental conditions, such as low pH and
high concentrations of sugar or salt, as well as surviving in cold storage [7]. Emerging technologies,
including NTPand theincorporation of bioactive compounds such as phenolics, have shown substantial
effectiveness in mitigating pathogenic and non-pathogenic microbes [8]. These contemporary
approaches provide advantageous alternatives to traditional chemical interventions.

The utilization of plasma-activated water (PAW) in conjunction with bioactive compounds
such as natural phenolics offers a promising avenue for microbial management [9]. PAW contains
short-lived reactive species such as nitric oxide (NO), superoxide (O,7), ozone (Os), hydroxyl
radical (OH), peroxynitrate (OONO,”) and peroxynitrite (ONOO~), and long-lived species such as
nitrates (NO3™), nitrites (NO;™) and hydrogen peroxide (H,0,) [10]. These reactive species can disrupt
the cellular integrity of yeasts, resulting in cell death [11]. The antifungal action of natural bioactive
compounds, including phenolics, is primarily due to their ability to compromise cellularand membrane
structures, denature proteins, and disrupt fungal metabolic processes [12, 13]. By integrating plasma
with phenolics, it is possible to target yeasts through multiple pathways, thereby improving efficacy
and reducing the potential for antifungal resistance. Furthermore, this combined approach canlead to
a reductionin the concentrations of phenolics needed, which may help to minimize adverse effects on
non-target organisms.
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2. Methods
The transient spark (TS) discharge was generated through a power electrode connectedto a
high voltage DC power supply through a 10 MQ resistor. A metal ring as a grounded electrode was
submerged in the tap water/yeast-containing water. The treatment time for the transient spark was
10 min/10 mL. The schematic diagram of the TS plasma setup is shown in Figure 1.

DC powered
supply

UV/Vis
spectrophotometer

M. | Power electrode

High voltage probe

Y, TS discharge (1 kHz)

) &

Oscilloscope Sterile tap water/with yeast

Current probe /'/ﬁ? LRing grounded electrode

Fig. 1. The experimental setup of the transient spark discharge generating system

Two approaches to antiyeast treatment were investigated: (1) the direct application of TS
dischargeto 10 mL of D. hansenii suspension at a concentration of 106 CFU/mL, followed by incubation
with either 2 or 1 mg of phenoliccompounds; and (2) anindirect methodin which transient spark PAW
was used to dissolve 2 or 1 mg of phenolics, which were then incubated with 108 CFU/mL of yeast. The
effectiveness of the plasma-phenolics treatment was evaluated by counting the number of yeast
colonies on agar plates after a 24-hour incubation at 30°C.

3. Results and discussion

In the context of directly treating yeasts with TS discharge followed by the incubation with
natural phenolics, it was observed that plasma-cinnamic acid displayed the highest level of antiyeast
activity, followed by plasma-vanillin, plasma-gallic acid, and plasma-p-coumaric acid, respectively
(Figure 2). Plasma-cinnamic acid showeda complete growthinhibition at both 2 and 1 mg/mL phenolic
concentration (Figure 2). Plasma-vanillin resulted in growth inhibition values of 3.16 and 2.21 log at 2
and 1 mg/mL, respectively (Figure 2). Additionally, plasma-gallic acid and plasma-p-coumaric acid
produced growth inhibition of 1.46 and 1.35 log at a concentration of 2 mg/mL, respectively (Figure
2).

In an indirect treatment scenario where PAW was used to dissolve phenolic substances at
concentrations of 2 or 1 mg, followed by incubation with 10® CFU/mL of yeast, PAW-cinnamic acid
completely inhibited growth at a concentration of 2 mg/mL and achieved a growth inhibition of 3.2 log
at 1 mg/mL (Figure 3). PAW-vanillin demonstrated growth inhibition of 2.1log and 1.6 log at 2 mg/mL
and 1 mg/mL, respectively (Figure 4). Additionally, PAW-gallic acid produced growth inhibition of 1.2
log at2mg/mLand 1.1log at 1 mg/mL, while PAW-p-coumaric acid resulted in growth inhibition of 1.4
log at 2 mg/mL and 1.0 log at 1 mg/mL (results not shown).

The combinationof plasma and phenolics generally exhibited varying growthinhibitory effects
on D. hansenii SZMC 8045Mo, with direct plasma treatment showing a higher antiyeast activity than
the indirect treatment. Cinnamic acid, gallic acid, and p-coumaric acid, identified as hydroxybenzoic
acids, exhibited varying levels of antiyeast activity when combined with PAW. These variations may be
explained by the distinct chemical properties of each compound [12]. The dynamics between RONS
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and phenolic functional groups, together with the antiyeast efficacy of the individual compounds,
could have been pivotal in determining the final results. The presence of RONS in PAW may have
augmented the effectiveness of phenolics by altering their chemical structure, enhancing solubility,
and promoting effective penetrationinto yeast cells. Incases where antiyeast activity was notably high,
such as with plasma-cinnamic acid, the combined oxidative stress from RONS and phenolics may have
effectively compromised the yeast's defense mechanisms.

The plasma-phenolics antiyeast strategy holds promise in applications such as agriculture and

food safety, where fungal contamination is a significant challenge [14]. Research continues to explore
the optimization of PAW treatment and phenolic compound concentrations for maximizing their

antiyeast efficacy [15,16,17].

1mg/mL [/ 1 mg/mL 1mg/mL & F11 mg/mL
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0 1 L ‘l“
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Fig. 2. Growth inhibition of direct transient spark treatment on 10 mL of 108 CFU/mL D. hansenii SZMC
8045Mo, followed by a 24-hour incubation in phenolics.
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Fig. 3. Growth inhibition of transient spark PAW combined with cinnamic acid (CA) on Debaryomyces
hansenii SZMC 8045Mo.
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Fig. 4. Growth inhibition of transient spark PAW combined with Vanillin (VAN) on Debaryomyces
hansenii SZMC 8045Mo.
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