
Integration of Multiple Interventions to Enhance 
Microbial Safety, Quality, and Shelf-life of Foods

Sudarshan Mukhopadhyay, Ph.D.

Project No:         8072-41000-101-00D                       
Location:       RCPM, WYNDMOOR, PA



ARS 2016-2020 Action Plan
Integration of Multiple Interventions Project 

Addresses two official ARS Research Priorities

Develop / refine / integrate effective interventions

Improve Safety/quality/shelf life



Specific Objective
Develop and optimize single intervention technologies to 
reduce pathogen populations, maintain quality, and extend 
shelf-life of foods

Determine the synergistic/additive effectiveness of 
combining non-thermal processing, effective sanitizer 
treatment, antimicrobial coating/packaging



Current practice

Currently chlorine based washing is widely used in 
the industry

 Effect of chlorine wash on pathogens are inconsistent 
and chlorine washing raised some serious public 
health concern 

Need for development of alternative intervention 
technologies that are safe and effective  to minimize 
the risk of food borne illness



Single nonthermal intervention technologies to 
reduce pathogen populations

• Light Technology
-Static Light ( 254 nm)
-Pulsed Light (200-1100 nm)

• Ultra low dose Ionizing radiation
• Antimicrobial treatment

- Organic acids, chemical sanitizers, natural antimicrobials 
- Novel antimicrobial formulation : HEN, LAPEN and  
more under development in joint work with collaborator

• High Pressure Processing: 200 - 500 MPa at 8-15°C for 2-5 min
• Aerosolized antimicrobials treatment: H2O2, AcOH, New formulations



Single intervention technologies to reduce 
pathogen populations, maintain quality, and 

extend shelf-life



Inactivation of Pathogens by UV-C
Salmonella on tomato and E. coli O157:H7 on leafy 

green surface



Single intervention technologies (contd.)



Single and Integrated Intervention
 Many processing technologies have been proposed but none  been 

implemented by industry because either lack of effectiveness or 
adverse quality effect 

 The treatment criteria, i.e., concentration/dose/time,  requires to 
achieve 5 log reductions by any single treatment as recommended by 
FDA (NACMCF, 1999)  is too intense that often result in adverse 
effects on quality

 Integrated  or combination of treatments can disrupt one or more of 
the homeostasis mechanisms in microorganisms at the cellular level 
and thus can limit pathogen survival at a much lower intensities of 
individual treatments 

 Integrated methods works effectively when the  individual 
interventions aim at blocking microbial growth  through different 
mechanism



Integrated Intervention
 Integrated treatment of non thermal UV light combined with  novel 

antimicrobial wash

 Intervention processing followed by antimicrobial coating or 
packaging

 Pulsed light inactivation combined with antimicrobials wash

 UV / PL  combined with aqueous H2O2 or O3 treatment for synergistic 
effects in an advanced oxidation process (AOP)

 High pressure processing with cold storage or natural antimicrobials

 Liquid CO2 with  active antimicrobials: CO2 as a conveying and 
dispersing agent to simultaneously chill and broadcast anti-microbial



Integrated treatment of UV-C with 
novel antimicrobial formulation

• Plum tomato inoculated with a composite of three serotypes of S. 
enterica (S. Montevideo G4639, S. Newport H1275, and S. Stanley 
H0558)

• Treated for ~30 sec in a UV Chamber, with source emitting 90% lights 
at 254 nm range)  and a final dose of 0.6 kJ/m2

• Wash for 1 min under mild agitation in a various antimicrobial 
formulations

• Analyzed  Salmonella, Background Micro flora (TAB, LAB, M&Y) 
and sensory quality



Effects of integrated treatment of UV-C
light and novel antimicrobial inactivation



Treatment effect on shelf life 



Quality effect



Integrated treatment of UV light and low dose 
irradiation



Effects of integrated treatment using UV-C light  & Thyme oil/AA 
mixture wash on inactivation of E. coli O157:H7 and Salmonella on 

Leafy greens



Integrated Treatment of organic acid wash and  
antimicrobial coating on Salmonella in tomato



Integrated treatment effect on survival 
of Salmonella during storage



Integrated treatment effect of mix organic acid 
wash and Chitosan-AIT coating on background 

microbial load during storage



Pulsed Light Intervention 



Project milestone
 Optimization of variables for pulsed light system for the 

inactivation of E. coli O157:H7, Salmonella spp. and/or 
Listeria, and maintenance of quality and shelf life of spinach, 
tomato and/or cantaloupe

 Integrated treatments combining pulsed light with aqueous 
antimicrobials to reduce E. coli O157:H7 and Salmonella spp. 
on spinach and tomato

 Integrated treatments combining aerosolized antimicrobial 
with pulsed light technology for inactivation of E. coli
O157:H7 and Salmonella spp. on spinach and tomato



Pulsed light inactivation of pathogens 
in produce



Integrated treatment of Pulsed light and sanitizer treatment indicating 
safe and effective inactivation of pathogens in leafy greens



Conclusion/Future Need
 Integrated  treatment  concepts capable delivering 

pasteurization level inactivation which is difficult to achieve  
with single technology without affecting sensory quality 

 Process economy remains one of the major concern

 Develop new non-thermal integrated treatment integration for 
inactivation of pathogens

 Scale-up studies and validation for commercial application

 Seek  industrial collaboration
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