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Agenda

 Innovation in processing technologies

 Emerging pathogens and issues

 Challenging food matrices

 Roundtable Discussion and Q&A

 Wrap-up
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Nonthermal antimicrobial interventions: not 
enough time to talk about them all!

• Radiofrequency energy

• Monochromatic light (405nm)

• Pulsed electric field

• Ultrasound

• Cold plasma

• Pulsed light

Brendan A. Niemira, USDA-ARS

• UV

• High pressure processing

• Oscillating magnetic fields

• Ozone

• Chlorine dioxide

• Antimicrobial packaging



Cold plasma 

• Ionized plasma created by energetic breakage of gas and/or liquid 

molecules.

• Typically uses high-voltage electricity, but sometimes microwaves or laser

• Generated plasma is near room temperature. Nonthermal process.

• Antimicrobial modes of action from reactive plasma species: free electrons, 

ions, reactive oxygen or nitrogen species

• Can be waterless (plasma jet, DBD, corona discharge)

• Cold plasma products captured in solution = plasma-activated water

• Not yet FDA-approved

Brendan A. Niemira, USDA-ARS



Cold plasma 

• Multi-log inactivation of pathogenic bacteria, viruses, parasites, 

including spoilage organisms and plant pathogens

• Broadly effective: fresh and fresh-cut fruits and vegetables, meats 

and poultry, cheese, low moisture foods, food contact surfaces

• Waterless cold plasma is surface decontamination – limited 

penetration

• Plasma-activated water functions as a sanitizer solution. Generated 

on-demand, on-site

• Inputs are air, water, electricity. No residues, no chlorine, no acids. 

Brendan A. Niemira, USDA-ARS



Cold plasma 

Brendan A. Niemira, USDA-ARS



Pulsed light

• Broad spectrum white light, delivered in short, intense pulses

• Wavelength ranges from 180 to 1100 nm, with 40% of the energy 

being in the UV region

• Surface decontamination effects

• Effective against bacterial and viral pathogens, spores, spoilage 

microorganisms (yeasts and molds)

• Primary mode of action is from UV disruption of pathogen cells

• FDA-approved

Brendan A. Niemira, USDA-ARS



Pulsed light

• Multi-log inactivation on a variety of commodities

• E. coli (1.4 - 3.03 log), L. innocua (0.9 – 2.66 log)

• Spinach, tomato, mushroom, endive

• Combination of pulsed light with other interventions holds great promise for 

synergy

• E. coli O157:H7 on Romaine lettuce

• Pulsed light (10.5 J/cm2): 2.3 log. Nisin-based wash (2’): 2.2 log. Combo: >5 log

(Mukhopadhyay et al, 2024, Food Micro)

• Pulsed light (31.5 J/cm2): 2.7 log. Cold plasma (45s): 2.1 log. Combo: >5 log 

(Mukhopadhyay et al, 2024, J Food Safety)

Brendan A. Niemira, USDA-ARS



Raw Diet Pet Food

HPP + Lactic Acid





H5 Current Situation

www.cdc.gov/bird-flu/situation-summary/index.html?cove-tab=0





Hepatitis E Virus



Campylobacter spp in New Homes



Other Challenging Matrices



Microbial Goal?

Adapt & Survive

©Quanta Magazine

Perish
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Agenda

• Innovative Technologies: What, Why and How?

• Emerging, Re-emerging and Opportunistic Pathogens 

• Challenges and opportunities

• Summary



Dynamic Growth in Research Of Innovative 
Technology In Food Processing

Gazda, P.; Glibowski, P. 2024. Advanced Technologies in Food Processing—Development Perspective. Appl. Sci. 2024, 14, 3617.



Innovative Technologies

Allai, F. M., Z.R. A. A. Azad, N.A. Mir andK. Gul. 2023.  Applied Food Research3. 100258

• Microwave, Ohmic and 
Radio frequency 
heating

• PEF

• UV light 

• Nanotechnology

• Biopreservation:

• Starter and probiotic 
cultures

• Bacteriophage and 

Endolysins 



Emerging, Reemerging and Opportunistic 
Pathogens 

• Emerging pathogens are New, reemerging, or drug-resistant 
infections whose incidence in humans have increased within the past 
two decades or threatened to increase in the near future

• Reemerging Pathogens- involved in the reappearance of a known 
disease following a decline in incidence including newly recognized 
pathogens, new diseases caused by known organisms, and the 
extension of the geographic or host range of a pathogen

• Opportunistic Pathogens- are microbes that usually do not cause 
disease in healthy people, but may become virulent with 
immunocompromised and unhealthy individuals



Factors Contributing to the Emergence of 

Foodborne Pathogens and Diseases
• Microbial adaptation and change

• Human susceptibility to infection

• Climate and weather

• Changing ecosystems

• Human demographics and behavior

• Economic development and land use

• International travel and commerce

• Technology and industry

• Breakdown of public health measures

• Other social, political and economic 

factors e.g. War and famine, Lack of 

political will, and Intent to harm



Emerging, Reemerging and 
Opportunistic Pathogens

Early 1900 1940s-1960s 1960s - 1990s 2000 - s

• Typhoid fever

•  Tuberculosis

•  Septic sore throat

•  Diphtheria

•  Brucellosis

•Salmonella

•Clostridium perfringens

•Vibrio parahaemolyticus

•  Bacillus cereus

•  Pathogenic E. coli

•  Campylobacter jejuni

• Salmonella Spp.

• E. coli 057:H7

• Non 0157 EHEC/STECs

• Listeria monocytogenes*

• Yersinia enterocolitica*

• Bacillus cereus*

• Staphylococcus aureus

• Cronobacter sakazakii

• Vibrio parahemolyticus

•  V. vulnificus

• Cryptosporidium, Cyclospora, 
Toxoplasma gondii

• Norovirus, Hep A. Nipah Virus

Streptococcus Pyogenes Bacteria #2 
by Cdc/ Melissa Brower

Bacillus cereus - Microbiology - 
Medbullets Step 1

• Clostridium 
botulinum

• Salmonella Spp.

• Staphylococcus 
aureus

•  Streptococci

https://www.google.com/url?sa=i&url=https%3A%2F%2Fsciencephotogallery.com%2Ffeatured%2F2-streptococcus-pyogenes-bacteria-cdc-melissa-brower.html&psig=AOvVaw3JV99s2Sui0niW9J8gCOQS&ust=1714423225229000&source=images&cd=vfe&opi=89978449&ved=0CBAQjRxqFwoTCLi7l8ri5YUDFQAAAAAdAAAAABAD
https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.medbullets.com%2Ftopic%2F104191%2Fimages%2Fbacillus_cereus_sem-cr.jpg&tbnid=26ilM4TuEbzqyM&vet=10CAIQxiAoAGoXChMIwPC8x-PlhQMVAAAAAB0AAAAAEBY..i&imgrefurl=https%3A%2F%2Fstep1.medbullets.com%2Fmicrobiology%2F104191%2Fbacillus-cereus&docid=sUPR4RpRqCLT0M&w=1500&h=988&itg=1&q=Bacillus%20cereus&client=firefox-b-1-d&ved=0CAIQxiAoAGoXChMIwPC8x-PlhQMVAAAAAB0AAAAAEBY


SWOT Analysis

SWOT analysis of new technologies in the food industry.Gazda, P.; Glibowski, P. 2024. Advanced Technologies in Food Processing—Development Perspective. Appl. Sci. 2024, 14, 3617.



Innovative Technologies : Advantages and 

Challenges

• Familiarity and perceived natural ness

• Higher functionality and nutritional value of products

• Broader applications

• Energy efficiency and environmental friendliness

• Regulatory recognition as safe and approval

• Industry and Consumer acceptance

 



Innovative Technologies : Advantages and 

Challenges

• Impact on nutritional value and sensory properties

• Higher investment cost and product price

• Association with radiation

• Consumer perception/concern about “ultra-processed” 

• Concerns about changes in food composition

• Lack of information, limited understanding and consumer confusion

 



Summary
•  Much progress made in innovative technologies for food processing

•  Several thermal and non-thermal technologies are available as a stand alone    
or process augmentation step 

•  Energy efficiency, higher functionality and nutritional values

•  Some technology may cause negative changes in nutritional and/or sensory 
characteristics 

• Consumer perception and hesitancy

• Regulatory acceptance

• Industry acceptance and adoptation  



Thank You !!

Purnendu.C.Vasavada@uwrf.edu
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