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Abstract. Cold plasma provided bacterial inactivation role in food industry.  In this study, the 

cold plasma play a crucial inactivation role when effectively reduces the bacteria colonies on 

oyster mushroom surface. By development of the dielectric barrier discharge-cold plasma pen 

(DBD-CPP) system, the mushroom surface was exposed to the cold plasma discharge with 

variable of exposure treatment time (0 min, 0.5 min, 1 min, 3 min and 5 min) with ~6 kV of 

power voltage and 5 SLM of atmospheric gas pressure flow rate. In order to identify the reduction 

of the microbial growth, isolation technique will be carry out by excising the mushroom sample 

into a suspension and serial dilution follows by identification of its colony morphologies and 

characteristics. Results screening shows increments of exposure treatment times up to 3 min 

shows none growth of bacteria colonies. This because the bacteria cell wall was disrupt and 

destruction by the plasma bombardment. Thus, this study able to extend the lifetime of the 

mushroom and produce a free microbial fresh mushroom by decontaminate the bacteria on the 

mushroom surface 

1.  Introduction 

Mushroom was known as “Food of Gods” by Roman community when its supplied strength to their 

armies during battles on ancient times. This shown the mushroom good enough to maintain general 

health and might be chosen as staple food for certain places [1]. The unique taste of oyster mushroom 

and its nutritional values required oyster mushroom broadly consume and aggressively cultivate in 

Malaysia [2]. Nevertheless, the oyster mushrooms could not last longer before and after harvesting as 

it’s really sensitive to slightly change of cultivate environment [3;4] as shown in Figure 1. The 

mushrooms will rotten result from bacterial growth, cause infections for the whole fruiting body. Thus, 

it is responsible to ensure the mushrooms served freshly, could last longer and bacterial free for human 

consumption. 

Cold plasma (CP) as bacteria inactivation is incontestable and has been demonstrated by numerous 

studied in food and agricultural industry [5-9]. The principal advantage of CP operate very close to the 

ambient temperature (below 50 ºC) and maintain the food quality, often found with thermal processing 

causes this technology get attention for apply in food industry [10]. Therefore the goal of this study is 
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to demonstrate the potential of developed dielectric barrier discharge cold plasma pen (DBD-CPP) 

system in inactivation the bacteria on the oyster mushroom. This study proved cold plasma can interact 

with bacterial cell wall, damage the cell wall and loss its dense causes the bacterial have less chance of 

getting infection. Thus the shelf lifetime of mushroom can be longer and consume safe mushrooms in 

human diet. 

 

 

Figure 1. The mushroom 

problems during cultivation 

process 

 

2.  Materials and Methodology 

2.1.  Dielectric Barrier Discharge cold plasma pen (DBD-CPP) setup 

The setup of DBD-CPP reactor (Figure 2) for mushroom treatment was developed and explained by 

[11]. The voltage applied for the pileus of oyster mushroom treatment was ~6kV with variable of 

exposure times of 0 min, 0.5 min, 1 min, 3 min and 5 min. The atmospheric pressure gas was flow by 

using 5 standard liter per minute (SLM) of flow rate. 

2.2.  Sample Preparations 

A pack of commercial oyster mushroom was purchased from Aeon Taman Universiti, Skudai, Johor and 

cut into 1 cm X 1 cm prior the plasma treatment. Each of the treated samples was then immersed into 

separate universal bottles filled with 10 mL sterile distilled water. The samples were then shaken for 45 

minutes to ensure the bacteria dispersed equally in the water.   

2.3.  Spread Plate Technique for Bacterial Growth Observation 

Initially, 100 μL of each sample solutions were pipette out into the NA plate and spread out following 

the spread plate technique. All these steps were carried out in the laminar flow to maintain the sterility 

and to avoid contamination. The plates were then incubated at 37˚C overnight up to 3 days in order to 

monitor the bacteria growth.  

 

 

Figure 2. DBD-CPP 

system for Oyster 

Mushroom Treatment 
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3.  Results and Discussions 

The overall results for the oyster mushroom bacterial decontamination are summarized in Table 1.   

The 3 days experiments observation shows a reduction of bacterial growth in line with the increment of 

DBD-CPP treatment times. The 3 minutes and above compressed air plasma treatment gave the best 

results in bacterial inactivation. Although there was no bacterial growth for 0.5 minutes treated 

mushroom within first 24 hours, the bacterial however just started to grow on day 2. Similar to 1 minute 

of compressed air plasma treatment, there is almost no bacteria left on the plate in first 48 hours. 

However, there were a few bacterial colonies appeared on the plate on day 3. The bacterial could be 

considered as slow grower due to require more than 24 hours for displayed.  Increasing the treatment 

time to 3 minutes leads to complete inactivation. 

This phenomenon occurs because CP bombardment can caused shrinkage on the bacterial cell wall 

that lead to bacteriostatic effect when exposed up to 5 min treatment [12;13]. A similar trend by Lu et 

al., (2016) studied shows extending treatment time up to 30 s caused significant bacterial reduction with 

mode of action dependent on bacterial type compared to 5 s of treatment time [14].  

Apart from that, the effectiveness of DBD-CPP for inactivates or reducing the bacteria on oyster 

mushroom for microbial safety is shows in Figure 4. The formation of bacteria colonies amount and size 

was reduced from too numerous to count for untreated sample and become undetectable for 3 min 

treatment and 5 minutes. Data gathered also displays untreated mushroom sample consist of two 

bacterial strains which were white and pink, smooth, convex colonies characteristics and less opaque 

morphology.  

In general, the colonies were keeping growth as the bacteria were dividing. These bacteria colonies 

also keep maintain their colonies and its size for the next following days (images not include in the 

Table). According to Hong et al., (2009) observed severe cytoplasmic deformation and leakage of 

bacterial chromosome when received plasma treatment [15]. Furthermore, there was also bacteria cell 

wall aggregation found due to the stress received from the plasma treatment where the researchers 

observed the morphological alterations on the cells [16;17]. 

 

 

Figure 3. Existence of bacteria 

colonies for 10-1 dilution on oyster 

mushroom by DBD-CPP treatment 
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Figure 4. The Morphology and 

characteristics of bacteria colonies 

before and after DBD-CPP 

treatment: (a) 0 minute (b) 0.5 

minutes (c) 1 minute (d) 3 minutes 

(e) 5 minutes 

 

4.  Conclusions 

The experiments of DBD-CPP effects on bacterial decontamination were investigated and the 

application showed an inactivation effect on the bacterial CFUs on oyster mushroom samples. Promising 

results were obtained from the treatments of more than 3 minutes. However, shorter treatment duration 

was not very efficient in decontaminating the bacterial, where a lot of CFU's were still present on the 

plate within 3 days observation. In general, the bacterial colonies growth strongly correlated with DBD-

CPP treatment time. Thus, this study demonstrated DBD-CPP can be applied in food industry as 

potential approach for improving microbial safety.  
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