
Microbial Food Safety for Produce :Microbial Food Safety for Produce :
Details Make the DifferenceDetails Make the Difference

Trevor Suslow
Dept. of Plant Sciences
tvsuslow@ucdavis.edu
http:ucgaps.ucdavis.edu

Produce
Safety 

Assurance

Total
Management
Commitment

Biological Hazards
Education

and 
Training

Water
Quality

Manure
Use

Worker
Hygiene

Cleaning
And

Sanitation

© Robert B. Gravani

Good Agricultural Practices

Ensuring produce safety requires a comprehensive Ensuring produce safety requires a comprehensive 
and fully integrated systemand fully integrated system

Recent Outbreaks and Recalls Recent Outbreaks and Recalls 
Have Caused Major Changes in Have Caused Major Changes in 
Attitudes and Approaches to the Attitudes and Approaches to the 

Safety of Fresh ProduceSafety of Fresh Produce



44

Hazard Analysis 

and Critical Control Point

HACCP HACCP 

55

 HACCP is a systematic approach to the
identification, evaluation, and control of food
safety hazards

 HACCP is not a zero-risk system

 It is designed to minimize the risk of food
safety hazards

 Preventing problems from occurring is the
paramount goal underlying any HACCP    
system

HACCP HACCP 

Key Barriers to Applying HACCP to Key Barriers to Applying HACCP to 
Food Safety in Fresh Produce SystemsFood Safety in Fresh Produce Systems

There are no 
Critical Control Points

There are no 
Critical Control Points



GAPs and GHPs ARE HACCP-based

 Systematic and Comprehensive AnalysisSystematic and Comprehensive Analysis
 Hazard Identification & AnalysisHazard Identification & Analysis
 Written Procedures and ProgramsWritten Procedures and Programs
 Written ResponsibilitiesWritten Responsibilities
 Training Training –– Awareness and ProcessAwareness and Process
 VerificationVerification
 Corrective Action & ReCorrective Action & Re--evaluationevaluation
 Documentation & RecordDocumentation & Record--KeepingKeeping
 Positive Lot Positive Lot TracebackTraceback SystemSystem

Good Agricultural Practices:
A Baseline Prerequisite for Food Safety 

On-farm and Beyond

1995 1998 (updated 2009)                      2000
IN DRAFT

US FDA

 Overview of Produce Outbreaks
 Biology of Pathogens
 Food Safety Prerequisites 
 Manure and Compost
 Soil survival and transfer
Work Hygiene Training
 Preharvest Water
 Postharvest Water
 Cleaning and Sanitation
 Documents and Record-keeping

Typical GAP and GHP Training Typical GAP and GHP Training 

 Preparing for Audits
 Microbial Testing
 Pathogen Testing
 Test and Hold / Test to Release
 Traceability and Traceback
 Crisis Management Planning
…….and more

Knowledge of Details Knowledge of Details 
makes the Differencemakes the Difference



Step 1: Step 1: 
Develop a Simple Process Flow Plan Develop a Simple Process Flow Plan 

Site Selection
Adjacent Land Activities

Crop Production
Pest Management

Harvest 
Management

Transport

Short-term 
Storage

Postharvest 
Operations

Consumer

Customer Transport

Step 2: Step 2: 
Add Site and CropAdd Site and Crop--Specific DetailsSpecific Details

WaterWater
•• SurfaceSurface

••GroundGround--WellWell
•• ReclaimedReclaimed

••OtherOther

FieldField
•• OwnedOwned
•• LeasedLeased

PrePre--IrrigateIrrigate PlantPlant IrrigateIrrigate

Pest ManagementPest Management
Weed ManagementWeed Management

Fertility ManagementFertility Management

PreharvestPreharvest
ManagementManagement

Harvest
• Field pack
•Shed pack

StorageStorage

ShippingShipping

Retail DistributionRetail Distribution
Packing Shed

•Dry dump
•Dump tank and flume

Postharvest Postharvest 
PrePre--coolingcooling

PostharvestPostharvest
Waxes/OilsWaxes/Oils

PostharvestPostharvest
CoolingCooling

StorageStorage

PackPack

SortSort
GradeGrade

ShipShip

PackPack

Distribution CenterDistribution Center

RetailRetail

AmendmentsAmendments
•• ManureManure

••CompostCompost
••BiosolidsBiosolids

•• OtherOther

WaterWater

FreshFresh--cut cut 
ProcessingProcessing

ReRe--packpack

FoodserviceFoodservice

WaterWater

CONSUMERCONSUMER

CUSTOMERCUSTOMER

WaterWater



Implementing GAPsImplementing GAPs
Step 3: Construct a SelfStep 3: Construct a Self--Audit of Potential HazardsAudit of Potential Hazards

 Site selectionSite selection
 Animal influencesAnimal influences
 Fertility inputsFertility inputs
 Water inputsWater inputs
 IrrigationIrrigation
 Foliar spraysFoliar sprays
 HarvestHarvest
 Human influencesHuman influences
 Worker hygieneWorker hygiene
 Postharvest water and handlingPostharvest water and handling
 Sanitation Sanitation –– field and equipmentfield and equipment

Oso Ranch1
Block 2
Baby      
Spinach

Packing

Pest 
Control

Irrigation

Land
Prep 

Record Keeping is Essential !Record Keeping is Essential !

Essential RecordEssential Record--Keeping: Keeping: 
Prepare a Farm and Operations MapPrepare a Farm and Operations Map

 Parcel number and acreage
 Primary and secondary roads
 All ponds, creeks, seasonal water
Wells; active and inactive
 All irrigation conveyances and lines
 All drainage and return-pump systems
 Subsurface tiles and conduits
 All buildings and seasonal structures 
…… and more



Step 4: Conduct An Internal AuditStep 4: Conduct An Internal Audit

Conduct internal audits for each 

management and unit operation 

 An internal audit should be done An internal audit should be done 

at startat start--up and at least once more up and at least once more 

in a season or within a 12 month in a season or within a 12 month 

period period 

Define your own corrective actions Define your own corrective actions 

An Honest Self-Appraisal is Critical



GAP Awareness and SelfGAP Awareness and Self--Audit Resources Audit Resources 

UCGAPs Quick Start 
Resources

http://ucgaps.ucdavis.edu

Good Agricultural Practices (GAP) 
for Growers:

Quick Start Self-Audit







Step 5: Keep Documents and RecordsStep 5: Keep Documents and Records
•• organizedorganized
•• accessibleaccessible
•• completecomplete

•• use them to improve!use them to improve!

It doesn’t have to be fancy

SOPs 
& 

SSOPS

Develop a Farm Operations Ledger:Develop a Farm Operations Ledger:
Lot, Lot, PreharvestPreharvest, Harvest, Packing, and Shipping, Harvest, Packing, and Shipping

 Handwritten is fine
 Can move to computer records
 Next step- handheld data recorders 



Develop a Simple Lot Coding ProgramDevelop a Simple Lot Coding Program

 Grower, Ranch, Block
 Date of harvest 
 Lot
 Harvest crew 
 Date of packing
 Packing line
 Product Code
 etc. 

Approx. $26.00/stampApprox. $26.00/stamp

Grower       Ranch
Lot

GW23C4209gt
Julian 
Date

Grape 
tomato

GAPsGAPs Now Incorporate More Specific Now Incorporate More Specific ““MetricsMetrics””::
Criteria for Compliance AuditsCriteria for Compliance Audits

 Quantifiable and verifiable criteria
 Improve public safety by applying uniform science-based standards   

Updated 2007

July 2008

DecisionDecision--Tree: Tree: 
Composted Soil Amendments  Composted Soil Amendments  

DecisionDecision--Tree: Tree: 
Heat treated AmendmentsHeat treated Amendments

With Animal Manure  With Animal Manure  



FOOD AND AGRICULTURE ORGANIZATION OF FOOD AND AGRICULTURE ORGANIZATION OF 
THE UNITED NATIONS (FAO)THE UNITED NATIONS (FAO)

Food and Quality Standards ServiceFood and Quality Standards Service
Food and Nutrition Division. Food and Nutrition Division. 

VialeViale delle Terme di Caracalla delle Terme di Caracalla 
Rome, ItalyRome, Italy

http://www.fao.org/http://www.fao.org/

http://www.fao.org/es/ESN/CDfruits_en/launch.html

GGlobal lobal FFood ood SSafety afety IInitiative Seeks to nitiative Seeks to 
Benchmark and Harmonize Food Safety Benchmark and Harmonize Food Safety 

Audit Criteria and 3Audit Criteria and 3rdrd--Party Audits Party Audits 

Recognized Certification Standards

• British Retail Consortium
• International Food Standard
• Dutch HACCP
• SQF 1000 & 2000



A Few Examples A Few Examples 

Site Selection: Risk ExposureSite Selection: Risk Exposure

Current science cannot accurately predict 
the minimal pre-plant safety interval

Standards for Separation from Adjacent Land Standards for Separation from Adjacent Land 
Activities are Highly VariableActivities are Highly Variable

 Sparse science-based data to set limits
 Buyer requirements vary 30-ft to 1 mile

• depends on specific hazard



Manure and CompostManure and Compost

Static piles develop a temperature gradientStatic piles develop a temperature gradient
below thermal kill pointsbelow thermal kill points

5959ooCC

4242ooCC

3333ooCC

1 meter
6464--7474ooCC

Recontamination Recontamination 
is possibleis possible

Measured at 1m
At least 55oC (131oF) 

for 3 days
Non-regulated

Expectations for Survival Expectations for Survival 
SalmonellaSalmonella

PasturePasture
91 to 231 days91 to 231 days

FecesFeces of carrier of carrier 
cows cows -- 159 days159 days

SlurrySlurry
10 10 ooCC 132 days132 days
20 20 ooCC 57 days57 days
30 30 ooCC 13 days13 days

Surface or Surface or 
incorporated incorporated ––
300 days300 days
or longer?or longer?

OtherOtherManureManureSoil Soil 



OtherOtherManureManureSoil Soil 

Water: 222 to 257 daysWater: 222 to 257 days
E. coliE. coli O157:H7 found to O157:H7 found to 
persist for persist for 120 days in 120 days in 
water trough sedimentswater trough sediments

Feed: Feed: E. coliE. coli O157:H7 has O157:H7 has 
been shown to proliferate been shown to proliferate 
in moist feedsin moist feeds

5 5 ooCC -- 70 days70 days
22 22 ooCC -- 56 days 56 days 
37 37 ooCC -- 49 days49 days

Slurry:Slurry:
21 to > 70 days21 to > 70 days

Feces: > 90 daysFeces: > 90 days

50 to 150 50 to 150 
days days 
(or more)(or more)

Expectations for Survival Expectations for Survival 
E. coliE. coli O157:H7O157:H7

Water: The Critical Control Point?Water: The Critical Control Point?

Wherever water comes into direct contact withWherever water comes into direct contact with
fresh produce, its quality may directly determinefresh produce, its quality may directly determine
the potential for pathogen contamination and the potential for pathogen contamination and 
its persistence.its persistence.

Diverse Water Sources are UsedDiverse Water Sources are Used



Concerns for Microbial Quality of Concerns for Microbial Quality of 
PrePre--harvest Waterharvest Water

PesticidesPesticides
NutrientsNutrients
Thinning aidesThinning aides
Harvest aideHarvest aide
Growth regulatorsGrowth regulators
Frost controlFrost control
AntiAnti--transpirantstranspirants
Dust abatementDust abatement
Microenvironment managementMicroenvironment management

Foliar Applications and Contact Foliar Applications and Contact 

Animal Intrusion Animal Intrusion 

Ignore it
as natural

Reject whole
field

Significant Animal
• Cattle
• Pig
• Deer
• Goat
• Sheep 

Non-Significant 
Animal
• Coyote
• Fox
• Dog
• Cat
• Horse
• Rabbit
• Raccoon
• Birds
• Chickens
• Reptiles
• Amphibians
• other

LGMA Standards recognize level of 
concern and required corrective action

LGMA Standards recognize level of LGMA Standards recognize level of 
concern and required corrective actionconcern and required corrective action



Many Edible Horticultural Foods Many Edible Horticultural Foods 
Have Have 

Multiple TouchMultiple Touch--PointsPoints

Transportation and Distribution:  Transportation and Distribution:  
Challenges to Cold Chain Control Challenges to Cold Chain Control 



Effect of Temperature on Growth and Survival Kinetics
of  E. coli O157:H7 on Spinach 

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

0 1 2 3 4 5 6 7 8 9

Time (d)

lo
g

 C
F

U
/g

r

20C good leaves 20C bad leaves 15C good leaves
15C bad leaves 10C good leaves 10C bad leaves
5C all leaves

24h growth



Ice is the Ice is the 
Forgotten FoodForgotten Food

There are Multiple Nodes of RiskThere are Multiple Nodes of Risk
throughout the Chainthroughout the Chain

Describe your operation in detailDescribe your operation in detail
 All site characteristicsAll site characteristics
 All inputsAll inputs
 All transfers to the endAll transfers to the end--useruser
 All seasonal influencesAll seasonal influences
 Understand customer and consumer Understand customer and consumer 

REVIEW

#1 #1 Food Safety Must be PlannedFood Safety Must be Planned
From Seeding to EatingFrom Seeding to Eating

Take home messages !!Take home messages !!

#2 Details Make the Difference#2 Details Make the Difference

#3        #3        Food Safety SolutionsFood Safety Solutions
DonDon’’t Have to be t Have to be 

Complex or ExpensiveComplex or Expensive


