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Abstract: 
Foodborne illnesses can manifest as irritation and infections of the gastrointestinal tract, 
caused more specifically by harmful bacteria, parasites, viruses or chemicals found in 
food items. The reduction of microbes, mold and yeast could therefore greatly increase 
food safety and lower the incidence of foodborne illnesses worldwide. Plasma-surface 
modification (PSM) has been used as a method to alter surface structure of materials, 
changing both their external and internal properties and potentially reducing the amount 
of mold, microbes or yeast in food products.  
  

The purpose of this study was to investigate the effect of PSM on the amount of mold 
and yeast, as well as microbes found on powdered protein upon treatment. Given the 
wide spectrum of applications of powdered food, minimizing undesired microbes, mold, 
and yeast that may be found in the product could be of significant consequence. Here 
we report a nearly total reduction in the mold and yeast count following one and three 
ioShield treatments. The microbe count had a more incremental response; one ioShield 
treatment partially reduced the count and three treatments lowered the amounts of 
microbes almost entirely. This indicates that treatment with atmospheric plasma is an 
effective way to reduce mold and yeast as well as microbial contaminants, and as such 
is an effective means to minimize foodborne illnesses and increase food safety. 
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

 
 
 
 
 
 
 
 
 
 



Figures: 

 
Figure Legend: 
Figure A: Comparison of the amount of mold and yeast on untreated and plasma-
treated protein. A significant decrease in mold and yeast is achieved after one and three 
ioShield treatments.  
  

Figure B: Comparison of microbe amounts on untreated and plasma-treated protein. A 
decrease in microbe count is achieved after one ioShield treatment and a significant 
reduction is observed after three treatment rounds. 
  

  

Introduction: 
Food safety represents a major ongoing public health concern worldwide, in both 
developed and developing countries; contaminated food is a heavy healthcare burden 



both socially as well as economically. Food, and in particular fresh food such as 
produce or meat, is prone to spoilage due to contaminants such as mold, yeast and 
bacteria, all of which reduce shelf life.  Foodborne illnesses affect millions of Americans 
each year1; these illnesses are caused primarily by the presence of bacteria and viruses 
in ingested food.2 With the recent increased awareness of food safety concerns, 
technologies that effectively reduce potentially harmful mold, yeast and bacteria without 
altering taste or nutrition are in high demand. The use of plasma as an effective 
treatment to both prolong shelf-life and reduce pathogens has recently caught the 
attention of both the research community as well as commercial sectors.  
  

Numerous other studies have investigated the potential positive impact of plasma 
treatment on food safety. Investigation of the use of plasma as a food processing aid 
has included applications such as decontamination3, inactivation of enzymes4, toxin 
elimination5, package optimization6 and water purification7. Cold plasma, a nonthermal 
and sustainable technology, has also recently been highlighted as an effective means to 
eliminate microbes on foods such as meat, poultry, fruits and vegetables. This 
technology has been investigated as an effective method in food preservation8 as well 
as a mediator of foodborne pathogens.9 The effects of argon, water vapor and air 
plasma on several bacterial species in brown rice cereal were also investigated, 
whereby air plasma was found to be the most efficacious in extending shelf-life.10 

Another recent study has found that non-thermal atmospheric plasma was an effective 
inactivator of bacterial cultures found on eggs.11 Furthermore, a surface discharge cold 
plasma device has been shown to be an efficient inactivator of major foodborne 
pathogens such as Escherichia coli and Listeria monocytogenes.12 

  

Plasma is the highly energized fourth state of matter. It is highly conductive and consists 
primarily of highly ionized gases. Plasma-surface modification (PSM) is a process of 
altering chemical and biophysical properties of materials by means of using plasma. 
During treatment with plasma, the ionized gases come into contact with the surface of a 
material, causing structural alterations that in turn cause intrinsic and/or extrinsic 
characteristics of a given material to change13. If the ionization occurs at room 
temperature, the plasma treatment is said to be atmospheric.14 So far, PSM has been 
investigated as a method to modify functional properties of organic and inorganic 
materials, but its use in powdered food processing has not yet been researched. 
  

Objective: 
The goal of this study is to investigate whether atmospheric plasma is an effective way 
to increase food safety by means of reducing mold, yeast and bacteria counts in 
powdered protein. 
  

Results: 
Samples were exposed to plasma treatment via proprietary PSM technology (Ingredient 
Optimized TM, Plasma Nutrition, USA) and mold, yeast and microbial counts were 
assessed. Source material was obtained and separated into treated and non-treated 
categories. Mold, yeast and microbial counts were compared relative to control following 
one and three rounds of treatment with plasma.   



  

Total aerobic microbial count and total yeast/mold count were tested using the current 
USP, microbial limit tests (61) by a third party and independent lab. 
 
 

Mold and yeast counts were reduced significantly following one round of PSM treatment 
and even further reduced after three rounds (Figure A). Microbial counts appeared more 
resistant, with a modest count reduction after one treatment and a significant decrease 
after three rounds of PSA treatments (Figure B).  
  

Discussion: 
There are various applications of plasma as a food processing aid including food 
packaging, decontamination, and functionalization.15 Here we examine the ability of PSM 
to reduce undesired agents such as mold, yeast and bacteria directly on food. Our 
results highlight the reduction by PSM on all three, indicating that it might be an 
efficacious method to minimize foodborne pathogens. This is of particular interest in the 
food and healthcare industries that are continually seeking effective means by which to 
increase food safety, as well as lower contamination due to mold and bacteria.  
  

Conclusions: 
Mold, yeast, and bacteria are some of the most frequently encountered food 
contaminants and can contribute to the incidence of foodborne illnesses. The amount of 
each of these contaminants was significantly decreased following treatment with 
atmospheric plasma. An enhanced reduction in mold and yeast was achieved following 
multiple rounds of treatment; while a modest decrease was obtained after one round, 
nearly all of the bacteria was eliminated after three treatment rounds. These findings are 
strong implications for the use of atmospheric plasma as a supplemental method to 
reduce contaminants found in food and thereby possibly to lower the frequency of food 
borne illnesses.  
  

Methods: 
  

Total aerobic microbial count and total yeast/mold count were tested using the current 
USP, microbial limit tests (61) by a third party and independent lab. 
  

Limitations: 
This study investigated the application of atmospheric plasma as a way to reduce the 
amounts of mold, yeast, and bacteria on one source of dry powdered protein. Given that 
this is just one kind of an otherwise commercially available source material, the use of 
other similar products may yield results that are somewhat different from those we 
report here. These variations can be addressed with examining the effects of 
atmospheric plasma on mold, yeast and bacteria found on a range of dry powder 
protein products.  
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