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Para s
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FarmersFarmers’’ Market Food SafetyMarket Food Safety 

Food Microbiology OverviewFood Microbiology Overview 

Mi oorgani m t sferMicroorganism transfer 

Soi  and W erSoil and Water 
Plantsants and aniand animals
Raw  processed food / crossRaw to processed food / cross 
contaminationion

on to FoodPerson to Food 
 to PersonPerson to Person 

scussiDiscussion Topics 

Food Microbiol gy OverviewFood Microbiology Overview 

Acidified Foodsied Foods

Hazards of Fresh FruitsHazards of Fresh Fruits and Vegetablesand Vegetables 

Food MicroorganismsFoo gani

BactBacteria 
YeastYeast
MoldMol
Viruses 
Parasitessite
– Pathogen any microorganism thatPathogens – any m cro rganism that 

cau es diseas  in humanscauses disease in humans 

Microbial GrowthMicrobial Growth 

turMoisture 
Food s urceFood source 
TimeTime
TemperatureTemperature 
OxygeOxygen 
pH 
LighLight 
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An ill ss or disea nsm ed
u

resu e ng foods which
con i a ogen ei r

s s

Illness

Fo ll
h o s

in
h

Temp rowth
g n

l tr en
n, &–

al
adi on–

e by–
Filtration–

Wa )

Meas l
–
I bit owth
– <0
– Yeast  <0 7
– Molds   .80

Microbial GrowthMicrobial Growth 

Reproduce by dividingReproduce by dividing 
Every 20 to 30 minutesEvery 20 to 30 minutes 
Generation timeGeneration time

Bacterial MultiplicationBacterial Multiplication 

TimeTime NumbersNumbers 
00 11 

2020 22 
4040 44 
8080 1616 

160160 256256 
420420 2,097,1522,097,152 

Foodborne IllnessFoodborne Illness 

An illneness or disease transmittittedse tra toto 
people through food prod cts that

r toxins o 

people through food products that 
results from ingesting foods which 
contain pathogens,ta n p th s, ththeir toxins or

lts from ing sti 

poisonouspoi onous chemicalschemical 

Foodborne IllnessFoodborne

od wiFood will notnot ok,look,lo taste or smell badtaste or smell bad 
Pat ogenic organisms or t xinPathogenic organisms or toxins presentpresent 

foodin food 
Food allows growthFood allows growt
Temperature allows growtherature allows g
Time to row and produce toxiTime to grow and produce toxin 
Food must be eatenFood must be eaten

Food PreservationFood Preservation

Physica eatm tsPhysical treatments 
– Inhibit by DehydratioInhibit by Dehydration,  CoCold storage &ld storage 

ChemicChemical 
– Destroy by Heating & R atiDestroy by Heating & Radiation 
– Reduc WashingReduce by Washing 

Remove by Filtration– Remove by

ter activity (AwWater activity (Aw) 

ure of avai able waterMeasure of available water 
– froRanges fromRanges m 0 to0 to 1.01.0 
Inhinhibitss grgrowth 
– BacteriaBacteria .91<0.91 
– Yeast <0.87.8 
– Molds <0.80<0 
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How to lower water activity

ia
– 5-15%
– Sugar

Mo ast 
15–

east–
a r Mold– 65-

ture
°F)(40-

Keep c ld °F

°F

Oxygen

t eded
o c – need air–

obic – no air–
c – li le r–

MAP  cuum Packaging
Co e –

ility of Food to Resist Changes in 
pH

– i h buff

How to lower water activity 

BacterBacteria 
– 5- Salt15% Salt 
– 50% Sugar50% 

ld and YeMold and Yeast 
15% Salt– % Salt

– 50% Sugar for Y50% Sugar for Yeast 
– 65-70% Sug r fo70% Sugar for Mold 

TemperatureTemperature 

danger zone (40-140 
Keep food out of the temperature 
danger zone 140°F) 
Keep food out of the tempera

Keep c ld things coold things cold <40<40°Fo

Keep hot things hot > 140Keep hot things hot > 140°F 

Oxygen 

Vary in the amoun  neVary in the amount needed 
– Aer biAerobic – need air 
– AnaerAnaerobic – no air 
– Microaerophili ttMicroaerophilic – little aiair

MAP & Va& Vacuum Packaging 
– ntrol the air in the packagControl the air in the package 

Determination of pHDetermination of pH 

Measured using colorimetric orMeasured using colorimetric or 
electrometric methodselectrometric methods 

Clarification of Acidity (pH)Clarification of Acidity (pH) 

Buffering CapacityBuffering Capacity 

AbAbility of Food to Resist Changes in 
pH 
Varies from food to foodVaries from food to food 

ering capacity– oteProteins have hignsPr have high buffering capacity
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FDA Definiti

Low Acid Food to Which Acid or
 to od e

nal pH of  Le
Aw >0.85
E y co on st a
pH o 4  wi  24 hrs

nt
ia

–

Pr
Ac  In

r

Hi d  do 
r em

il  wa ay be nt–
n growt  spores–

Scheduled Pr ess

-HoldHot-
– Hot Product sealed to con er. Held

ed.

Atmospheric
– Product pu nto containe   Closed and

t ized.

-

d r
,–

e ess
oc s

Acidified FoodsAcidified Foods 

FDA Definitionon

Low Acid Food to Which Acid or 
Acid Food is Added to ProduceAcid Food is Added  Pr uc 
a Final pH of 4.6 or Lessss 
Aw >0.85 
a Fi  4.6 or 

Every component must have aver mp ent mu  have 
pH of <4.6f < .6 within 24 hrsthin 

Acidified FoodsAcidified Foods 

Ferme ed Foods Preserved by LacticFermented Foods Preserved by Lactic 
Acid BacterAcid Bacteria 
– Yogurt, SauerkrautYogurt, Sauerkraut 

eservation by Addition of Acid to LowPreservation by Addition of Acid to Low 
Acid Ingredientid gredient

Scheduled P ocessScheduled Process 

High Acigh Acid FoodFoods (pH<4.6) do notnots (pH<4.6) 
requi e high t peraturesrequire high temperatures 
– Bo ing ter m  sufficieBoiling water may be sufficient 
– Low pH preve ts out h ofLow pH prevents outgrowth of spores 

Scheduled Processoc

Hot-FillFill-Hold 
– Hot Product sealed intoin container.  Heldtain 

and cooland cooled. 

Atmospheric 
– Product put into container. Closed andt i r. 

pas eurpasteurized. 

Required Regulation FDARequired Regulation-FDA 

Register an File a P ocessRegister and File a Process 
– heat, pH control sugar, salt, preservativeheat, pH control, sugar, salt, preservative 

Adh re to Filed ProcAdhere to Filed Process 
Provide Pr ess and pH RecordProvide Process and pH Records 
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Regulations-Acidified Foodsgu ifie 

USDA 
– 9 CFR, Part 318 (381) 
USDA

FDA 
– 0 and 108.21 CFR Part 114, Part 110 and 108.25 

Hazards of Fresh Fruits andHazards of Fresh Fruits and 
VegetablesVegetables 

 

   

 

  

     

  
 

   

 

  

      

    

   

 
 

  
 

    

   

     

    

  
 

  

 
  

 
 

    

 

Re lations-Acid d Foods

– 9 CFR, Part 318 (381)

FDA
– 21 CFR Part 114, Part 11 25

Fruit  Ve abl
es )( -

Impo p nt  U. Diet
Federal initiatives

U. etary deli–
ide Pyramid–

lthy  Pe le  2002–
- a r am– Nat. Cancer In i.  

24% Increa  in con mption

Fruit and Vegeta e Trends
(1987 - Present)

e onse
– Wide a t f ad nal and w

pr e
Gl  prod ion an stribution–

trie  th o d
Provi  ye - aila lity

– ng
ov arketing me sing–

Fruit  Ve abl
( - es )

Increa  in Fo rne Illness
associated with produce
The number of people affected more
than doubled
A iety of fruits and etables w e
involved
75% relate o mestically own
Most ou reak e used by ba eria

 and V e
)(1 –

H7 Salmonella sp. and E. i
o s

or s–
– e wo s

a
– to r ites

Hepatitis A s–

and get e TrendsFruit and Vegetable Trends 
Present)(19871987 - Pr ent

Importartantnt comcomponent of U.S. Dietofone S. 
Federal initiatives 
– S. Di  Gui nesU.S. Dietary Guidelines 

Food Guide Pyramid– Food Gu
Healthy People 2002– Hea op 

Insti. Five a D y P ogr– Nat. Cancer st - Five a Day Program 

24% Increase in consumptionse su 

Fruit and Vegetablble Trends 
(1987 - Present) 

Growers r spGrowers response 
r v rie y o  tr itio  ne 

oduc
– Wider variety of traditional and new 

produce 
– obal uct d diGlobal production and distribution 

Food from 130 coun s over e w rlFood from 130 countries over the world 
ar biProvidesdes year-roundround avavailability 

– I vatinnovativeInno ve ackagipackagingp
– Impr ed m rchandiImproved marketing merchandising 

Fruit and Vegetable Tre  Trendsendsand get 
(1987 - PrPresent)1987 ent 

Increase in Foodborne Illness 
associated with produce 

se odbo 

The number of people affected more 
than doubled 
A variety of fruits and vegetables were 
involved 

 var  veg er 

75% related to domestically grownd t  do  gr 
Most outbreaks were caused by bactcteriatb s w re ca 

Fruit egetablFruit and Vegetable TrendsTrends 
(1987 – Present987 Present) 

Salmonella sp. and col 157:O157:H7E.coli O
caused m st outbreakcaused most outbreaks 

Poor agriculturalltural practicepracticesagricu– Po
rker– PoorPoor hygienhygiene ofof workers

Other causativeOther c usative agentsagents 
and Cyclospora parasites– CrypCryptosposporidiumidium and Cyclospora paras 

–  and Norwalk viruseHepatitis  A and Norwalk viruses 

Nebraska Department of Agriculture Page 34 



 

   

   

 
 

 

 

 
 

  
  

      
  

   

 
   

   
  

   
  

  
    

  

 
   

  
 

  

 

   

 

    
   

C es for Increases in Illness

social
ised – I el -

& onic s
– o  high risk

em
– N n

nsum s–
– Ha reak

Caus rease ess

Cha o
– s  po n s

n i–
f ntamination–

Po ling ation ices
No h o kill pa ogens

g or prop t es y 
allow m rob  pr rvive d grow

o sses th sk

C es for Increases in Illness

s sms
n es en–
er not 

ca tia
 ca  of g slowlynes

at t t ur
n–

illn ls 
 in sted

ndE. i

Increase in Outbreaks

duces consum fid ce

ri n,
k

l c s

Farm Strategy Focus

Di c
once co inat c

e
 it–

tion i in
of fr
Ac nta u of

cu l o cking 
tion

Causes for Increases in Illnessaus

Changes in demographyChanges in social demography 
derly, immuno-comprom 

those suffering from chr  disease 
– Increase inncrease in elderly, immuno compromised 

& those suffering from chronic diseases 
– PregnantPregnant womenw men and young at high riskand young at 
Changes in food systChanges in food system 

atio al and international scale– National and international scale
Expose more consumers– Expose more co er 

– Harder to trace anrder to trace an outbreakoutb 

Causes for Increases in Illnesses for Inc s in Illn 

nging c nsumer preferencesChanging consumer preferences 
– IncrIncreased popuea ed pularity ilarity in salad barsalad bars 
– Increase i  meals eaten outs de the homeIncrease in meals eaten outside the home 
– Increases the risk o  produce coIncreases the risk of produce contamination 

or hand and prepar practPoor handling and preparation practices 
No heat treatment to kill pathogenseat treatment t th 
Lon  st age periods at im er emperatur  maLong storage periods at improper temperatures may 
allow microbes present to survive and growic es esent to su an 

Increa e ri foodborne illnessillnesIncreases the risk ofof fo dborne 

Causes for Increases in Illnessaus

Genetic change  in microorganiGenetic changes in microorganisms 
– Adaptatio  to stress  in the vironmentAdaptation to stresses in the environment 

Grow wh e they once could surviveGrow where they once could not survive 
Yersin entercolitica and ListeriaYersinia entercoliti and Lis eria 
monocytoge are capablepable of growing slowlymonocytogenes are  growin

 refrigera or emperat esat refrigerator temperatures 
– Some bacteria can cause serious humaSome bacteria can cause serious human 

illness when only small numbers of cellsess when only small numbers of cel 
are ingestedare ge 

O157:H7 and Salmonella enteritidisE. colicol O157:H7 a Salmonella enteritidis 

Increase in Outbreaks 

Re er con enReduces consumer confidence 
Can cause financial lossesCan cause financial losses 
Respond with third party inspections toRespond with third party inspections to 
verify that produce is being grown,ve fy that produce is being grow
harvested and pac aged using goodharvested and packaged using good 
agricultura  and management pra ticeagricultural and management practices 
(GAP & GMP)(GAP & GMP)

Farm Strategy Focus 

ffi ult to completely sanitize produceDifficult to completely sanitize produce 
ntam ion has o curredonce contamination has occurred 

ReducReduce risks by:risks by: 
– Preventing contamination beforePreventing contamination before it 

happenshappens 

Basic PrinciplesBasic Principles

Preven  of m crobial contam ationPrevention of microbial contamination 
of fresh produceesh produce 
Accoucountability throughoutghout all leall levels ofbility thro vels 
agri ltura from growing tagricultural from growing to papacking 
and transportaand transportation 
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Re eping

per al th d ty

raining

n 
 co atio n

-
contamination

on
el

Wi c ls
l i

Transp ont f

 on-farm
inat

Wash an inse water
sa li  sorting
k ng

Eq pmen ed oak a r t 
pr e
Ice

s)ol its (

-
contamination

Transp

ture)

ontaminatio i y 

Site Sele ion

Historical and
No in p–
When m ast bi ds–

d
Up am from animal co inmen
Id fy upst m face w

f m co in ed r or–
oc a e

ent

 aged  treated ma n
e to  of 

n 3 
s

y od e –
– Wa r sh pa og n the ure

produce

Record Keepingcord Ke

All farm operations that deal with food safetyAll farm o ations that de  wi foo safe 
Manure useManure use
Water test resultsWater test results
Worker training programsWorker t  programs 

Facilitates auditsFacilitates audits
Shows growers commitmentShows growers commitment 
Eases trace backs for contamination or proofEases trace backs for contaminatio or proof 
that ntamin n did not occur o  the farmthat contamination did not occur on the farm 

Sources of on farmSources of on-farm 
contamination 

SoilSoil
Irrigation waterIrrigati water 
Anima manureAnimal manur 
Wild and domestic animalsanimald and domesti
Inadequate field worker hygd worker hygieneInadequate fie ene 
Harvesting equipmentHarvesting equipment
Transport containers (field to packing)ort c ainers ( ield to packing) 

Sources ofSources of on-farm 
contaminationcontam ion

Wash and rinse waterd r 
Unsanitary handling during sorting andUn nitary hand ng during  and 
packagingpac agi
Equipment used to soak, pack or cutui t us  to s , p ck o cu 
produceoduc
Ice 
Cooling units (hydrocoolerCo ing un hydrocoolers) 

Sources of on farmSources of on-farm 
contamination 

ort vehiclesTransport vehicles 
Improper storage conditionsImproper storage conditions 
(tempera(temperature) 
Improper packagingImproper packaging
Cross c n in storage, d splaCross contamination in storage, display 
and preparationand preparation

Site Selectionct 

Historical use of the landuse of the l 
– dustrial dum ingNo industrial dumping 
– has ani al w e or osoli beenWhen has animal waste or biosolids been 

applieapplied 
Upstream from animal containmentsstre nta ts 
Identifyenti  upstreaream usesuses ofof surface watersur ater 

No runoff from contaminated water or– No runo f fro ntam at  wate 
livestock wastelivest k w st 

Manure ManagemManure Management 

ImproperlyImproperly aged oror treated manure cannure ca 
contribut  risk dbornefoodborne illnessillnesscontribute to risk of foo
Pathogens can survive i manure forPathogens can survive in manure for 3 
month  or moremonths or more 
Concerns:Concerns:

Fecal material may come in contact with produce– Fecal material ma  come in contact with pr uc 
may spla ens i– Waterte  may splash pathogensth  in the manureman  ontoonto 

produce 
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Manure Handling

io il before planti
Apply m ll
Avoid top dres

arvest 
cu nt rates, dates and cat n

m t

v
 fr l
po t

contamination
–

ng uni–
 ad

Irrigation Method

Drip a on mmended
mize cr in on–

er
ta ter–

– Ex u of w r

K  records of app tion me s, 
te n tes

Wo e h ene

T o c pr s
– d ng

Prop f acili–

f o a s
– ect tac pr ce

Prot ti ts or lesions
Prop e

Cleaning and Sanitizing 
procedures

Rinse s ac  if noticeably soiled
Wash with warm soapy water
Ri ith ean w er

D g ust ri  o a e it –
can r he effe iveness the

i r
Sanitize with proper ngth lutions

 wate an oF

r ions of Va
Sanitizers 

Chlo ne Quarternary

50- -25 ppm 100- ppm

Manure Handling 

Proper and thorough compostingProper and thorough composting 
Incorporat n into so ngIncorporation into soil before planting 
Apply manure in the fallanure in the fa 
Avoid top dressingsing
DO NOT h until after 120 daysDO NOT harvest until after 120 days 
Document rates, dates and location ofof 

anure applica ion
Do me lo io 
manure application 

WaterWater

Where e er water comes into contactWhere ever water comes into contact 
with esh produce, its qua ity dictateswith fresh produce, its quality dictates 
the ten ial for pathogenthe potential for pathogen 
contamination 

Irrigation (Surface water)– Irrigation (Surface water) 
TestingTesting

– Processi  (Well/M cipal)Processing (Well/Municipal) 
Chlorine addedChlorine ded 

Irrigation Method 

irrig tiDrip irrigation recommendedreco
– Mini s risk of op contam atiMinimizes risk of crop contamination 

Ov head irrigationOverhead irrigation 
– Use po ble waUse potable water 

rce ate– Examineineam sourceso  of surfacesurface water 

eep lica thodKeep records of application methods, 
ra s a d darates and dates 

rker H alt  and HygiWorker Health and Hygiene 

acticeT ain torain tor  follfolloww good hygienigood hygienic practices
Proper han washi– Proper handwashing 

– er use o  toilet f tiesProper use of toilet facilities 

Signs and symptoms o infecti us dise seSigns and symptoms of infectious diseases 
– No directNo dir  contact with producet withcon odu 

on for cuProtecection for cuts or lesions 
er glove usProper glove use 

oviProvid  pre properoperPr de attireattire 

Cleaning and Sanitizing 
procedures 

Rinse s rfurfacesu es if noticeably soiled 
Wash with warm soapy water 

nse w  cl atRinse with clean water 
Detergent must be rinsed off because it– eter ent m be nsed ff bec us 

educe t ctcan reduce the effectiveness ofof the 
san tizesanitizer 

Sanitize with proper strengthstre  solutionsso 
or r greater th  170or water greater than 170oF 

Correct Concent at riousCorrect Concentrations of Various 
Sanitizers 

riChlorine IodineIodine Quarternary 
AmmoniaAmmonia 

50-100100 ppmppm 12.512.5-25 ppm 100-200200 ppm 

ppm = parts per million 
Use test strips to determine the proper strength 
Each type of sanitizer requires its own test strip 
Obtain from local supplier 
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der ons

n & Sani e iners
–

t us me y–
O low pe  to bi–

ng rvest
move o fr outs e of–

befo o n s

Worker Hygi e

Harvest Considerations

U- u
lit– Prov -

– Pr oms
wa fore –

ashing po–

Storage Facility Sanitation
Wash, ri i z rag a lities,
eq ent and fo  co act aces fore
harv ti t i ops

y clea f e ti ion–
– Di nd organic matter make sani ef ct e

Us od  f t –
fac

Ensu at n ui is working
pr ly
– Me e e emper s at le  a 

week

n u e

DO NOT use drops – they ma me in
contact with imal fece n the ground
DO NOT use decayed or wormy fruit
Wash t wi  clea a r or ap ov
sanitizers, using brushes carefully
DO low ts in ch r field
and mp o exclude wild im s
Strongly consid past izi uic nd cider

ingharv

Enforce good wo r hygiene
Clean and sanitize packing area and lines

Main  c an wa wa r
Cool product quickly an aintain cold ch n
Saniti  trucks before loading
Ke  animals out nghouse and
st age facilities

Packin c
 th ont ted wa r t aste

tn nte ck  vi
DO T r fi ot

kin e
ene

Cle l  be r i
ones

re cl t nt rot
m

Wa ins niti ng o
end  d .

Harvest Consi atiHarvest Considerations 

Clea tiz  harvest contaClean & Sanitize harvest containers 
– High pressure wash, rinse and sanitizeHigh pressure wash, rinse and sanitize 

Cover clean bins if not used immediately– Cover clean bins if no ed im diatel 
DO NOT allow people to stand in bins– DO N T al ople  stand in ns 
during harvestduri  ha
Remove field soil from outside of bins– Re  field s il om id  bins 
before moving to packing areasre m ving to packi g area 

Worker Hygiene and Training as beforeene and Training as befor 

Harvest Considerations 

U-Pick CustomerPick C stomer HygieneHygiene 
maintained toilet facilities– ide well iesProvide well-maintained toilet faci

– Provide handovide hand wash stations nearwash stations near restrorestrooms 
– Invite customers to sh hands beInvite customers to wash hands before 

entering the picking fieldentering the picking field
– Provide large hand w stersProvide large hand washing posters 

Storage Facility Sanitation 

Wash, rinsense and sanitize storage facilities,and san ti e sto e f ci 
uipm od nt surf beequipment and food contact surfaces before 

es ng and s or ng crharvesting and storing crops 
– Thoroughl n be or  sani zatThoroughly clean before sanitization 
– Dirtrt aand organic matter make sanitizers ineffectivefetizers in iv 

Use approved products to sanitize food contact– e approved pr ucts to sanitize ood contac 
surfacessur es

Ensurere refrigerrefrigeration equipmenteq is workingio pment 
operproperly 

– Measureasur  and record temperaturesature at least once aand r cord t ast once 
week 

Cider a d J ic  ProductionCider and Juice Production 

DO NOT use drops – y have cothey may have come in
contact with animal feces on the groundan s o 
DO NOT use decayed or wormy fruit 
Wash fruitfrui  withth clean watern w te or approvedpr ed 
sanitizers, using brushes carefully 
DO NOTNOT alallow pets in orchard,or grove or fieldpe ard, grove o

 atte t t an aland attempt to exclude wild animals 
Strongly consider pasteurizing juice and ciderer eur ng j e a 

Post est HandlingPostharvest Handl 

Enforce good worker hygienerke 
Clean and sanitize packing area and lines 
dailydaily
Maintaintain clean washsh waterle te 
Cool product quickly and maintain cold chaind m ai 

zeSanitize trucks before loading 
Keep animalsep  out of packinghouse andof packi 

orstorage facilities 

g Fa ilityPacking Facility 
EnsusureEn re that cont inaaminatedam  water an  livesd livest ck wock wasteat c te  and o
can ot e r pa inghouse runa runoffa off oror drdrififtcannot enter packinghouse vi 
DO NONOT wear field celd clot  (shohes (shoes/boots) inwea lothes es/bo s) in 
pac ghouspackinghouse 
EnforceEnforce goodgood w er hygiorker hygienework
Cleanan alall cocontntainenersai rs befofore use and de use and discascard dd damagedr amaged 
ones 
StoStore clean empty containersainers to pto protecect fromean emp y co t from 
conta inationcontamination 
Wash, rins  ande and sanitize papacking areas andand floor atsh, r e  sa ze cki areas fl or at 

of each ayend of each day. 

Nebraska Department of Agriculture Page 38 



 

   

  
  

  

 
    

    
    

     

   

 
 

   
    

 

  

  

  

   

  

 

 
 

 
  

  

Packing Facility

e
produce th shed, cooled

in t control 
program

in a trol log–
f pe in ed

i

Use o  wate ropri )
or disi h

e
moe a –

o 0o

e
– er co athog nto produce 

tize the  li
yors d co

e end  ea da v d 

Chlo els for specific 
commodities

50-
es 100-

125-para
, 100-

w
e, bbag 100-

leaf
to ota , 200-

Guide Hy e
.7 l

Target ppm r 5

50 0.39 1  1/3

75 0.59 2  1/2

0.78 3 3/5

0.98 3  4/5

1.18 4  9/

Me n rite
%( o e

g l

50 0.95 3  3 3/4

75 1.43 5  2 1 1/10

100 1.90 7  4 2

125 2.40 9  1/10 8

150 2.90 10 7/8 4

g 

Ma tain cool temperatures
Opti e lity–
Mi miz thog  growth–
D ot ati s–

r ing hilli uipm
ea ta

er ce cl it y
e wa r s r–

Packing Facility 

Take care not to contaminate freshTake car not to contaminate fresh 
at is wa  orproduce that is washed, cooled or 

packagedpackaged
Establish and ma tain a pesEstablish and maintain a pest control 
program 

Maintain a pest control log– Mainta  pest con 
Block access o sts to enclosBlock access of pests into enclosed 
facilitiesfacilit es

Washing OperationsWashing Operations
Use chlorinatedrinated water (at appr (at appropriate levellevel)chl ate 

other registered nfectants to wasor other registered disinfectants to wash 
produceproduc
Change water regularlyChange water r gul rly – nitor the chlorinemonitor the chlorine 
activityactivity
Keep water n cooler than 1 F lower thanF lower thanKeep water no cooler than 10o

producproduce 
Cold uld draw p ens i– Colder could draw pathogens into produce 

Wash, rinse, and sani  packing neWash, rinse, and sanitize the packing line 
belts, conve  and foo ntact surfaces atbelts, conveyors and food contact surfaces at 
th  of ch y to a oi buildupthe end of each day to avoid buildup 

rine levChlorine levels for specific 
commodities 

General 50-500 ppmGeneral 500 ppm 
Appl 100-150 ppmApples 150 ppm 
As gus 250 ppmAsparagus 125-250 ppm 
Cantaloupe 100-150 ppmCantaloupe, 150 ppm 
honeydehoneydew 
Lettuc  ca 100-150150 ppmLettuce, cabbage,e, ppm 

y greensleafy greens 
Toma es, p toesTomatoes, potatoes, 200-350 ppm350 ppm
pepperspeppers 

ppm = parts per million total  titratable chlorine 

to Measuring Sodium pochloritGuide to Measuring Sodium Hypochlorite 
12 5%(ch orine) accurately12.75%(chlorine) accurately 

Target ppm ml/liteml/liter tsp/  galtsp/5 gal cup/50galcup/50gal 

50 0.39 1 1/21/2 1/3 

75 0.59 2 1/41/4 1/2 

100100 0.78 3 3/5 

125125 0.98 3 3/43/4 4/5 

150150 1.18 4 1/21/2 109/10 

tsp = teaspoon 

Guide to asuri g Sodium HypochloGuide to Measuring Sodium Hypochlorite 
5.25 chl rine) accurat ly5.25%(chlorine) accurately 

Tar etTarget ppmppm ml/literml/liter tsp/5 galtsp/5 gal cup/50gacup/50gal 

50 0.95 3 2/32/ 3/4 

75 1.43 5 1/21/ 1 1/10 

100 1.90 7 1/41/ 1 1/1 1/2 

125 2.40 9 1/10 1 7/1 7/8 

150 2.90 10 7/8 2 1/2 1/4 

tsp = teaspoon 

CoolinCooling 

inMaintain cool temperatures 
– mum producOptimum produce quaquality

Minimize pathogen growth– ni e pa en
– o n overload refriger on roomDo not overload refrigeration rooms 
Keep ai  cool and c ng eq entKeep air cooling and chilling equipment 
cl n and saniclean and sanitaryry 
Keep water and ice clean and sanitaryKeep wat  and i ean and san ar 
– Potabl te ou cePotable water source 

Nebraska Department of Agriculture Page 39 



 

   

 
    

  
     

     
        

   
       

  

 

Transportation
spect nsportation vehicles for 

iness, s, rt is
be re loading
DO NOT r ri ive 
animal r ful a s wit ut
thor  clea

gienic and sanitati  pr tices sh d
unlo n r hbe used when lo ng d

produce
Load ce to ze sical dama
Maintain proper n ort temperatures

ary

ep every cl nd
aces ontai s–

nd Ic
s ene
’ te

e

Transportation 
Inspect transportationtra  vehicles for 
cleanl  odor  obvious di  and debr 
In
cleanliness, odors, obvious dirt and debris 
before loadingfo
DO NOT use trucks which haveuse t ucks which have carried livecar ed l 

s o  harm  subst nce hoanimals or harmful substances without 
thorough cleaningough ning 
Good hygienic and sanitation practices should 

adi  an unloading fresh 
Good hy on ac oul 
be used when loading and adi g f es 
produce 
Load produceprodu  to minimize physical damagephyminimi ge 
Maintain proper transport temperaturestra sp 

SummarySumm

Keep everything clean and sanitaryKe thing ean a  sanitary 
Surfaces, containers, hands– Surf , c ners, hand

Clean Water a e sourceClean Water and Ice source 
Personal HygienePer onal Hygi
Don t Cross contaminaDon’t Cross contaminate 
Proper temperaturesProper t mperatures
Proper Manure ManagementProper Manure Management 
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