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Food safety definition

Food safety is the state of acceptable 

and tolerable risks of illness, disease, or 

injury from the consumption of foods

Food safety (food hygiene) involves any 

practice in processing, preparation or 

handling of food to ensure it is safe. 



� On human health;

� Short run (hygiene depended) risks;

� throw-up, food poisoning, etc. 

� Long run (nutrition content, production methods 

depended) risks;

� obesity, heart attack, diabetes, immune 

disorders, cancer, liver disease, GI issues etc.

Food safety impacts
(risks of unsafe food consumption)

FDA estimates that 2-3% of all foodborne illnesses lead to 

serious secondary long-term illnesses.



Foodborne diseases result 

from ingestion of a wide 

variety of foods 

contaminated with 

pathogenic microorganisms, 

microbial toxins, or 

chemicals

Causes of foodborne illnesses 

and diseases



Foodborne illness investigation



When two or more people get the same illness from the same 

contaminated food or drink, the event is called a foodborne 

outbreak (2 or more unrelated cases). 

What is a food illness outbreak?

Why investigate? 

�Public health officials investigate outbreaks to control them, so 

more people do not get sick in the outbreak, and to learn how to 

prevent similar outbreaks from happening in the future.

Case: an instance of a particular disease

In an outbreak, there should be at least 2 or 

more unrelated cases reporting illness.

Exception: 1 case of a chemical-related foodborne illness or 

Clostridium botulinum poisoning constitutes an outbreak 



Foodborne illness investigation

• Foodborne disease is a common reason 

for people to seek medical care. 

• Majority of foodborne illnesses are never 

reported. 

• The outbreak investigation is time 

consuming process.



Patient eats 

contaminated food

Patient becomes illPatient becomes illPatient becomes ill

Stool sample 

collected

Pathogen or causal 

agent identified

Pathogen or causal 

agent identified

Pathogen or causal 

agent identified

Public health lab 

received sample

Public health lab 

received sample

Public health lab 

received sample

Case confirmedCase confirmedCase confirmed

Why does it take so long?

http://www.cdc.gov/foodborneburden



Centers for Disease Control and Prevention. Gather 

data on foodborne illnesses, investigate foodborne 

illnesses and outbreaks, and monitor the effectiveness 

of control efforts in reducing foodborne illnesses. CDC 

also plays a key role in building state and local health 

department epidemiology, laboratory, and 

environmental health capacity to support foodborne 

disease surveillance and outbreak response.

Department of Health and Human Services

Monitors foodborne 

illnesses through its 

Foodborne Disease 

Outbreak Surveillance 

System

Foodborne illness investigation



Foodborne Disease Outbreak 

Surveillance System

• Local Health Departments

– Patient complaints 

– Laboratory, HCW, CMR reports

• State Health Departments

– Foodborne outbreak reports

– Salmonella serotyping

– PFGE

• Federal Health Agencies (CDC and regulatory)

– PulseNet and FoodNet



PulsNet (http://www.cdc.gov/pulsenet/) 

• PulseNet compares the 'DNA fingerprints' of bacteria from 

patients to find clusters of disease that might represent 

unrecognized outbreaks.

• PulseNet is a national laboratory network  made up of 87 

laboratories−at least one in each state. 

PulseNet detects 

subtypes of E. coli O157 

and other Shiga toxin-

producing E. coli, 

Campylobacter jejuni, 

Clostridium botulinum, 

Listeria monocytogenes, 

Salmonella, Shigella, 

Vibrio cholerae, and

Vibrio parahaemolyticus.



• Food Net - Foodborne Diseases Active Surveillance Network (CDC, 

USDA, FDA).

FoodNet is the Foodborne Diseases Active Surveillance 

Network (http://www.cdc.gov/foodnet/) 



http://www.cdc.gov/foodborneburden/2011-foodborne-estimates.html

Foodborne Illness in the 

United States



� Campylobacter Poultry

� E. coli O157 Ground beef, Leafy greens, 

Raw milk

� Listeria Deli meats, Unpasteurized soft 

cheeses, Produce

� Salmonella Eggs, Poultry, Meat, Produce

� Vibrio Raw oysters

� Norovirus in many foods (e.g., Sandwiches, 

Salads)

� Toxoplasma Meats

Germs (and some foods) responsible 

for most foodborne illness



Causes of illness in outbreaks of 

single food commodities: 1998-2010

http://www.cdc.gov



Contribution of different food categories to estimated domestically 

acquired illness and deaths, 1998-2008



Aims to ensure the U.S. food supply is safe by 

shifting the focus from responding to 

contamination to preventing it

PREVENTION

INSPECTIONS, 

COMPLIANCE AND 

RESPONSE

ENHANCED 

PARTNERSHIPS

IMPORT SAFETY

www.fda.gov/FSMA



Have called US FDA and USDA-FSIS to become more 

preventative and risk-based

&

Need:

Development of new data and risk-prioritization 

models to identify high-risk foods and facilities 

and to inform resource allocation decisions. 

which pairs of foods and microbes 

present the greatest burden?





Steps in Foodborne Illness 

Risk Ranking

EPI, Univ of Florida

QALY: Quality Adjusted Life Years

(A measure of health related 

quality of life)



Annual Burden of Disease Caused by Fourteen Foodborne Pathogens, 

Sorted by Share of Overall Public Health Impact s (rank in parentheses)

EPI, Univ of Florida



The top 10 pathogen-food combinations in terms of annual disease 

burden, by combined rank

EPI, Univ of Florida



Disease Burden by Food Category, Summed Across Pathogens,

by Combined Rank

EPI, Univ of Florida



http://www.cdc.gov/features/dsfoodnet2012/





Needs of food safety management

Quick and accurate identification of hazards, 

ranks and the hazards by level of importance

Institute of Food Technologists

Identifying microbial control approaches of 

greatest impact on reducing hazards, 

including strategies to address 

emerging hazards

and 



� risks that have no track record which can be 

used to estimate likely probabilities and 

expected losses

� risks that are expected to grow greatly in 

significance

Emerging hazard or risk

Emerging food safety risk: The new risk emerging 

to different kinds of foods

It is a new risk which is in the process of being 

understood and quantified



� Those causing illnesses that have only recently 

appeared or been recognized in a population 

and also

� those that are well recognized but are rapidly 

increasing in incidence or geographic range

Emerging foodborne pathogens



Emerging foodborne bacteria

� Salmonella (multidrug resistant strain)

� Campylobacter  jejuni

� E. coli O157:H7 and non O157

� Listeria monocytogenes 

� S. aureus MRSA

� Vibrio vulnificus

� Yersinia enterocolitica

� Arcobacter spp. 

� Mycobacterium paratuberculosis



Why do pathogens emerge?



Factors leading to pathogen 

emergence



Examples of recent emerging diseases

Nature; Vol 430; July 2004



�Newly identified host or pathogenicity

�Known pathogens spreading to new 

geographical areas or populations

�‘Old’ disease re-emergence

Food pathogens emerge mainly due to



Key issues on the horizon

� Globalization of the Food Supply

� Alternative Processing Technologies and 

Novel Foods

� Increases in Organic Foods

� Changes in Food Consumption

� At-Risk Subpopulations

� Pathogen Evolution

� Consumer Understanding

� Integrated Food Safety System 
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Global travel of food



Global travel and trade



Global travel and trade



Global travel and trade

A personal footprint is a measure of how a person’s lifestyle 

contributes to climate change. 

CO2e: Carbon dioxide 

equivalents 



Population and food security

�Increased urbanization from 49% today to 70%

• Food production must increase by 70%

• Annual cereal production must rise from 2.1 

billion tons today to 3 billion

• Annual meat production must rise to 470 

million tons from 200 million tons today.

�World’s population�9-10 billion 

(34% higher than today)

By 2050 



Key issues on the horizon
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Environmental and ecological changes
� Selection/evolution 

� Adaptation to extreme temperatures, pH

� New hosts or vectors

Microbial evolution

Antimicrobial resistance



An infectious disease 

emergence framework

Nature Reviews-2013



Microbial evolution
Antimicrobial usage

In the United States, antibiotic-resistant infections are responsible

for an estimated $20 billion in excess healthcare costs, $35 billion

in societal costs, and 8 million additional hospital days. CDC





http://www.cdc.gov/drugresistance/threat-report-2013/



Antimicrobial resistance
� Vancomycin-resistant enterococci (VRE)

� Salmonella Typhimurium DT 104

� Campylobacter jejuni and C. coli

� S. aureus (30-40% MRSA)

� Mycobacterium tuberculosis (15% MDR)

Microbial evolution



1.Preventing Infections, Preventing the Spread of 

Resistance

2.Tracking Resistance Patterns

3.Improving Use of Today’s Antibiotics (Antibiotic 

Stewardship)

4.Developing New Antibiotics and Diagnostic Tests

http://www.cdc.gov/drugresistance/threat-report-2013/

CDCs four core actions to fight 

antibiotic resistance



Summary



�The emergence and spread of new 

microbes, new hosts

�The globalization of travel and food 

supply

�The rise of drug-resistant 

pathogens
http://www.cdc.gov/foodborneburden

Food safety challenges 



� Recognition

� Investigation

• Diagnosis and surveillance

• Applied epidemiological and ecological 

research

� Education/knowledge transfer

� Information/communication

� International/interdisciplinary interventions

Managing emerging pathogens









My research work





Prepared solvent-extracted 

antimicrobials in the laboratory (Acetic 

acid and Methanol) and compared with 

commercial liquid smokes (of different 

woods) against food pathogens.





Minimum inhibitory concentrations 

(% MIC)



%MICs of commercial liquid smoke samples (A) and solvent-extracted antimicrobials 

prepared in the laboratory (B) against major food pathogens. Mean MIC comparisons 

were done separately for each bacterial strain. Bars labeled with different letters 

indicate a significant difference (P , 0.05) between treatments for a particular 

bacterium.



%MICs of commercial liquid smoke samples (A) and solvent-extracted antimicrobials 

prepared in the laboratory (B) against major food pathogens. Mean MIC comparisons 

were done separately for each bacterial strain. Bars labeled with different letters 

indicate a significant difference (P , 0.05) between treatments for a particular 

bacterium.



Liquid smoke samples tested in this study 

could serve as effective natural antimicrobials 

and their inhibitory effects depended more on 

the use of solvents for extraction rather than 

the wood sources. 

Solvent extracted antimicrobials prepared 

using pecan shells indicated significant 

differences between their inhibitory 

concentrations depending on the type of 

solvents used for extraction. 



Efficacy of Antimicrobials Extracted from

Organic Pecan Shell for Inhibiting the 

Growth of Listeria spp.

Dinesh Babu, Philip G. Crandall, Casey L. Johnson, 

Corliss A. O’Bryan, and Steven C. Ricke

Journal of Food Science
Volume 78, Issue 12, pages M1899–M1903, December 2013



• We tested the efficacy of natural 

antimicrobials extracted from organic 

pecan shells.

• We estimated the minimum inhibitory 

concentrations of the antimicrobials against 

pure cultures and tested on inhibition of 

Listeria strains and inoculated on a chicken 

skin model and native bacteria on chicken 

skin.



Inhibition of L. monocytogenes on chicken skin













Pecan shell extract 

      (unroasted)

Pecan shell powder 
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Pecan shell (PS) and Pecan shell powder (PSP) extract treatments

                        before and after Lm inoculation
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Efficacy of natural antimicrobials



• Extraction method that affects the 

concentration of inherent inhibitory 

compounds may affect the efficacy of the 

antimicrobial preparations.

• Organic poultry products will benefit from 

use of these antimicrobials prepared from 

organic pecan shells.



http://sbirsource.com/sbir/awards/





Cross contamination

~80% of the reported foodborne outbreaks���� Food service 

facilities 

Collins et al., 1997

How efficient is the cleaning practice??



Aim: To test the efficacy of four wipe cloth types (cotton 

bar towel, nonwoven, microfibre and blended cellulose ⁄ 

cotton) with either quaternary ammonia cleaning solution 

or silver dihydrogen citrate (SDC) in cleaning food contact 

surfaces.



Rapid hygiene monitoring system

ATP bioluminescence

RLU >30 = dirty, RLU between 11 and 29 = caution and RLU < 10 = clean





Control

Cloth

Cloth+ SDC



Control

Cloth

Cloth+ SDC



Cleaning effect of wiping cloths on food contact surfaces 

can be

enhanced by dipping them in SDC disinfectant. 

ATP-B measurements can be used for real-time hygiene 

monitoring in public sector, and testing microbial 

contamination provides more reliable measure of 

cleanliness.

This study could help to estimate and establish 

contamination thresholds for surfaces at public 

sector facilities and to base the effectiveness of 

cleaning methods.









Nathan Jarvis, Ashley R. Clement, Corliss A. O’Bryan, Dinesh Babu, 

Philip G. Crandall, Casey M. Owens, Jean-Francois

Meullenet, and Steven C. Ricke

Dried Plum Products as a 

Substitute for Phosphate in 

Chicken Marinade

J Food Sci. 2012 Jun;77(6):S253-7



�Influence of dietary choline and 

colonization with human gut microflora 

and probiotic cultures on Flavin-Containing 

Monooxygenase (FMO) genes in 

gnotobiotic mice. 

�Can Food Polyphenols Prevent or Limit 

Expansion of Toxic Liver Injury?. 

ULM research plans



Thank you all


