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The information provided hereiis for informational purposes only. The Innovation Cente
for U.S. Dairydthe Innovation Centef) makes no representation or warranty with respect
to the completeness, accuracy, reliability, or suitability of any information contained herelin
Werecommend that practitionersonsult an attorney concerning the laws applicable to an
particular situationas well astheir own scientific experts to evaluate the applicability of an
recommendation to their particular situation. By utilizing the matetsacontained herein,
you agree to release the Innovation Center from any and all liability that may result from
your use of the information provided.
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To the Reader

ThisListeriaControl Guidanc®ocumenthas been prepared for the dairy industry by subject matter experts
who work daily in the industry. It is intended to build knowledge aachmunicate best practices for a wide
spectrum offood safety practitioners: hourly employseengineers, quality professionals, senior staff,
contractors, suppliers, and more.

With the diversanformation needs of this groupand the obligation to present scientific principlasd best
practicesin mind,the document employs a simple graphic to guide the reader. The graphic symbolizes the
basicprogramsthat are recommendedo be employedn concertto establisheffective pathogencontrol in a
dairy manufacturing facility. This is tRathogen Control Equativ:

GfOOd ) Sanit Effective )
Separate Manufacturing anitary Cleaning and Environmental Effective
i Facility and o
Raw I:'Hl:l Per]tc'fes |:'"|:| Equip?ﬂ/nem |:'I ||:| Sanitation |:=||:| Pathogen =: Pathogen
from RTE Controlled Design Procedures Monitoring Control
Conditions and Controls

Coreprinciples of thePathogen Control Equatiomill be discussedn depth tohelpidentify focused practices
whichare essentiako effective pathogen control. Yearsefperience ad best practicefrom multiple food
categorieshavebeen summarized abe following core principles:

Principle #1

Separate Raw fronReady-to-Eat

History has shown that there is a greater likelihood of finding spoilage organispashmgens in
uncontrolled or aw manufacturing areas than gontrolled praluction orReady-to-Eat (RTE)

areas Governingthe flow of persomel, suppliesand equipment significantly redus¢he potential forcross
contamination

Principle #2

Good ManufacturingPractices and Controlled Conditions

Following Good Manufacturingractices (GMPs) ime of the most fundamentadxpectations in the food
industry. If thesgracticesare not followed it couldlead tocontaminationof products GMPs apply to both
personnel practices anequally important, production practiceSurfaces in aary productionfacility can
be wet from manufacturing conditionghis moisture cansupportmicrobial harborage and growttloors
and other surfaceshould be dry, well maintainednd free of cracks.

Principle #3

SanitaryFacility andEquipment Design

Sanitary design of equipment and facilities is one of the most important of theRatteogen Control
principles Surfaces which areifficult to clean can behallengingand/or overlookedn the course of a
sanitation cycleresulting irmicrobial harborage and growthin order to more fully assess cleanability and
identify improvementsquality, food safety and engineeing professionalshould spend timebserving and
possibly performing cleaning dutidsiring the sanitation process
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Principle #

Effectivedeaning andSanitation Procedures andddtrols

Cleaning andamitation must be effective, alwaysffective sanitatioris core to maintaning a clean plant
environment Ehanced cleaning procedures have been proveodmpensate foweaknesses in facility or
equipment design until improvements can be implemented.

Principle #

EnvironmentalPathogenMonitoring

Environmental monitoring measures the success of dairy plant pathogen coloyreérifyingthat preventive
programs are effectiveAn environmental monitoring prograrnelps youknow your environmenand make
improvements as highlighted by ttiedings.

Focugng on thesecore principlesprovidesearly contol and longterm stability for pathogen mnagement
programs. Users of thislocumentwill find it flexible enough to be studied completely or in sectjons
deperRAy 3 2y (KS NBheB®ISNDa AYyGSNBadGa IyR

ThisListeriaControlGuidance is offered by the Food Safety Operating Comnittéiee Innovation Center
for U.S Dairy. It ipart of a broad set ofood safety educatiomitiativesdesignedo strengthen
manufacturing practices in all dairy processing facilitiék the goal ofreducingfood safety risks. More
information regardinghandson workshops and user resourdssavailable atvww.usdairy.com/foodsafety

Thankyou for sharinginthe/ Rdza 4 N2 Q& O2YYAGYSyd (2 I, awadldgyOS F22R

The Food Safety Committee
Innovation Center for U.S. Dairy

ﬁ’ INNOVATION
\S®% CENTER R U.S. DAIRY.

HEALTHY PEOPLE » HEALTHY PRODUCTS « HEALTHY PLANET
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INTRODMCTION

Listeriosigs adeadlyfoodborne illness caused tysteria monocytogendtm) whichis estimated toaffect
1,600 people every year in the.8? When diagnosed hie fatality rate oflmis high at almost 2% compared

to 0.5% forSalmonella Since the first widely recognized outbreak in 198Steriahas been responsible for a
number ofiliness outbreaks across many food products including processed meadiy:to-eat (RTE) meals,
cheese, humtmus, and ice creamDairy products as a wholeakie a very good food safety track record thanks
in part to pasteurization and in part to the hard work and diligence of the industry. t¥&th924

introduction of he Pasteurized Milk Ordinan¢EMO)? a focus on sanitatigrandthe adoption of strict
environmental pathogen control§ 2 R ldanDpiioductsare amonghe safestfoods produced.

Oneongoingthreat to this safety record ithe risk ofListeriamonocytogeneg¢Lm), avirulent, diseasecausing
bacteriumwhich can grow under refrigerated oditions. ControllingListeriarequiresmaking a clean
product pasteurization pathogenfree raw materials etc) and preventing environmentalrecontamination
by keeping Listeriaout of the manufacturingplantand away from finished product

Theindustry has made great improvements sirthe 1985soft Hispaniestyle chees@utbreak sickend 142
peopleand resulted iMt8 deaths,* but dairy foods, both refrigerated and frozetgntinue to beimplicated in
outbreaks of listeriosis @ntrol of this organisnis critical and urgent In 2013,the Centers for Disease
Control and Preventio(CDCreported that after several years of impressive improvement, redustain
listeriosiscaseshad stalledr calingfor arenewed focus on this fron?

Fig. 1ListeriaBackground

66% of all dairy related recalls during 2010-2013 were

due to environmental pathogen contamination Listeriarates dropped withfood industry focus, but

progress has plateaued since 2001
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According to the CDQsteriakills 19.5% of those sickened by it

Recent Example

In 2015, an outbrealettributed to ice
cream was reportedo have infectedlO

S 8 1600
|I About 1,600 people in the US get sick from Listeriagerms each year

- peopleand claimed 3 lives
Listeriais the 3rd leading cause of death from food poisoning http://www.fda.gov/Safety/Recalls/ucm439533.htm.)

90%

At least 90% of people who get Listeriainfections are either pregnant women and their newborns,

people 65 or older, or people with weakened immune systems.
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A Few Facts Bout Listeria

V Listeriaare bacteriawidely present in nature and normallyresent inagricultural
products including raw milk

V Listeriado not survive pasteurizain. They camrow at refrigerationtemperatures,
survive freezing, and tolerate up to 20% salt.

V Listeriacan grow quicklyt ambient temperatures.

V Listeria monocytogenes (Lng a pathogen thatauses listeriosis, one of the most
frequent and serious human foodborne illnessésnis one of the manknown
Listeriaspecies [isteriaspp.).

V The presence okListeriaspp., the broader genus to whit¢imbelongs, isvidelyused
as an indicator of conditions thalso may be favorable for the pathogem

V Listeriahasthe ability to form strong protective biofilms, whidifectively protect
bacteria cells andan be quite difficult to remove Biofilms are more likely to forrim
difficult to clean areas within processing environments.

Indicator Testing and Its Role in Controlling Pathogens

The majority of this guide will focus on monitoring fasteriaspp., but a good environmental monitoring
programencompasses all relevant pathogens afsbincorporatesa A Y RA OF 12 NJ G SadAy3¢e (2 @
manufacturing environment cleanlineasd the effectiveness gflant procedures. An indicator organism

predicts thelikely presence of a target organism or condition. While not specific for an organism, ATP testing
(seeGlossaryis widely used as an immediaterificationof sanitation effectiveness before starting up

production. In the dairy industry, coliform testj is also widely used to confirm sanitary condition of product

and process conditions. These types of testing can pltedessordhat special action or deep cleaning is

needed before more serious issues arisestihg for indicator organisms in thegvironment andbr finished

product carnbe used toshowthat sanitation and zoning controls are working and the environment is clean.

Indicator testing does not replace pathogemonitoring, it provides supplemntal information. ‘érifyingthat

aprocesing environmentis under controtequires independent testing fdtisteriaspp. Because it is a

broader indicator group and more frequently found in the environment, ukiatgriaspp. as an indicator

provides a more conservative, more inclusive approach for detettingd SS a5S@St 2LIA Yy 3 + { | YL
page 3l for more details.

The Role oFinished Product Testing
Finished product testing alone does not ensure food safetyperts advis that processors focus on
preventive controls anémploypathogenenvironmental monitoring toverify their effectiveness.
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Product testing alonés notconsidereceffectiveas a means of control for many reasons, most notably:

V Listeriaspp. isgenerally unevenly distributed within contaminated product and
testing may miss pockets of contaminatin

V Listeriaspp.grows slowlyunder chilled conditionand tendsto occur in
very low concentrations. Even in contaminated product, high
enoughnumbersof Lmmay not be presento be detected at the
time of production, potentiallreating false negatie

V Qosscontamination events are often sporadic in nature.

Product testing can have a role in a
comprehensive food safety system
when used in conjunction with
processing, preventive controls, and

Hazard Analysis and Critical Control PointsGBR validation. When product contact or
Listeriamonocytogeneshould be identified asne biological hazard finished product pathogen testing is
controlled by your HACCP plaRasteurization isin effectivecontrol for undertaken, there must be an

all vegetativepathogensncludinglm. In addition, some products may effective sampling plan which is
incorporatehurdlesto pathogen growth such as pH, live cultures, representative oproductonand be
antimicrobials/inhibitors, or formulating within prescribed formula conducted under the guidance of a
boundaries (i.e., processed chees&is guie focuses on preventing qualified food safety expert.
recontamination, thoughthe Pathogen Equatigmnd should Whenever product goroductcontact
complement or be part oéxistingHACCP programs:or a more surfaces areested forLmor other
complete understanding of HACCP principles and applicatisources pathogens all product mustemain

areincluded onpagd8 & ! RRAGAZ2YFf wSazdzNDS3 onhold I yR GAGKAY &2
controluntil all samples are reported

Requlatonymplications Fa ay$3FdAg@SsS

In the U.S.the Food and Drug Administration (FCh&s established a

regulatoryzero tolerancepolicyfor the presence oEmin anyRTE food.

oFDA may regard a RTE food that supports growth afonocytogene® be

adulterated.. whenL. monocytogeness present inthe food’¢ This means that ansefrigerated RTEood

that tests positive folmis deemed adulteratednd cannot be shipped or sold.

The FDA's final rule on Preventive Controls for Human Food, stemming from the Food Safety Modernization
Act, includesrequirements for environmental pathogen monitoring based on riglanufacturers will need

to examine the rationale behind their monitoring and testing programs, document fully, and should be
prepared to explain their choicedanufacturers will also beequired to establish and maintain

documentation including written programs and recorded results for all prerequisite programs and preventive
controls included in their Food Safety Plan.
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CONTROL OFSTERIASING THE PATHOGEN EQUATION

PRINCIPLE #3EPARTE RAW FROREADYTOEAT

Separate Effective
[ |
Raw |Em s oh L B=| Pathogen
from RTE Control

History has shown that there is a greater likelihood of finding spoilage organisms or pathogens in
uncontrolled or raw manufacturing areas than in controlled production or rdaelyat (RTE)

areas. Governing the flow of persarel, suppliesand equipment significantly reduces the potential for cross
contamination

PreventEntry into the Plant

It is possible for any incoming materialbring contaminants, includingistera, into the plant Thereforetiis
important to determine alpotential routes of pathogen entrynto the processing facility inclirt direct
access through personn@mployeesyisitors, contractorsetc.), raw materialssupplies and utilities all of
whichcan be a source of conta@nationdirectly into finished product oindirectly through contact during
processing.This section wikxplainthe role of hygieniczoningin the controllingLmand managingncoming
materialsincludingingredients, processing aids, utilities (water, air, gasée)sils, tools|ubricants,
chemicals andpackaging materialas mtential carriers

Hygienic Zoning toddtrol CrossContamination
Hygienic Zonin@Fig.2 and3) is usedo control crosscontamination Areas with aw, unprocessednateriak

shouldbe physically separated fropasteurized product andanitized equipmentRaw milk shoul@lways
be presumed tdbe contaminatedand Listeriaspp.canalsobe present irother incomingmaterials As
materialsmove into and through the facilifanybacteriain/on those materialcan potentially cause
contamination Listeriacanbe readilytransported, transferredand spread throughout a facilityhere it
canthenfind niches suitabléor growth or biofilm formation. Failure to contralhe flow of materialscan
lead todirect contaminationgrowth andevenpersistencen the environment Listeriaspp.hasbeen
detectedin processing and packaging equipment, facility structures, pamation equipment, bulk
ingredient containersyater, and pallets. Transferinto facilitieshas beertraced toinsecs, animal pestsand
human(clothing, shoes, skin, tools, etapvement.
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Fig.2. Zoning. Eciliiesshouldbe zoned to prevent crogsontaminationfrom raw to finished productThis
figure includes airflow direction (controlled with room pressurem high hygiene to general hygieneeas.

s A\j1flOw Direction

RTE
(Pasteurized &
RAW ReadyTo-Eat)
. Examples:
(Bas|CGME) Cheese Processing
ExamplesMilk Brining
Receiving & «Condensed dairy,
< Storage Cream, Yogurt,

: Frozen Dessert
uMilk HTST Roo Processing and

uRaw Ingredient packaging
handling oCream Storage

orino Foods Zero Tolerance Program

TrafficControls

Becausd.isteriaspp.can bereadilytransferred,the movement of people and materials must éentrolled
by developngtraffic patternswith strict controls.

A facility flow diagranshouldbe developedo define areasby theirhygienicrequirements €.g, general,
raw/ basic GMPRTEhigh hygieneand transitional aregsandshowhuman and material flowsNote: The

terminology used may vary by individual company or with conformance to specific audit schemes (e.g. BRC,

SQF).Thediagram should include

Hygienic zone designations

Incoming materials and outgoing finished product
Personnetoutesincluding job responsiliiies, entry/exit, breaks
Equipmentand conveyopositions

Drainage and floor slopes

Air flows and air nding systers.

Rework handling

Usage andterage ofcleaning equipmentutensils,spare partsand tools
Waste collectiorand removal

KKK KL

Separation of raw product areas from finished product areas beachievedy using larriersto restrict
traffic. Physicalbarriers(walls railings, transition benchesare the most effective choice, buégarationcan
also be achievethroughfloor markingstransitionspaces, floor slopingdrainagebarriers andcontrolled
airflow. It is also possible &reate sparationthrough the use ofd OK S Rdzf A y 3 dremovitgK A &
finished product befordnandling rawand thenperforming cleaning/sanitingbefore reintroducing finished
product Other techniques tchelp maintainseparation includéootwear and uniformcharges, use of
smockspallet exchangg andremoval of outefexposedpackagingnaterials

Traffic flows shouldbe designed t@void havingpeople and equipmerfrom different zonegravelon
common pathsvhenever possible Consider routineas well as occasional traffic including forklifts, waste

Ay@2t
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removal,QA personnel and carts, maintenance personeall sanitation activitiesinclude traffic flow orall
shifts.

Finishedorodud areas should be protected from potential cremsntaminationsources otL.isteriaspp.such

asraw materials pallets, raw product bins, and cross trafficoduct carts, forklifts, workejs Considezone
designatbns fortransport equipmentforklifts, pallet jackscarts)andusing2 y f & & Fpald iahigh A Y S ¢
hygiene areas

Storage eeas should be separate and/atearlymarked to prevent caningling ofraw and processed
product. Ifstoragespace iconstrained processed product should always fpasitionedaboveraw to reduce
the potential for contamination fallingr dripping onto finished goods.

Color codingf smocks, hairnetsshoesand toolsis a best practice forisual verification ofaw/RTE
separationcomplianceand to prevent uncontrolledraffic flow through RTE aies.

Fig.3. An exampledairy plant floor phn with traffic patterns mappednd operations seggated by hygiene requirements

Visitor Entry, Main Break Dry
Reception, Offices Room Powder
Storage s
h
i
p
Employee Entrance H p
i i
Raw Break Room 4 | n
1
T ! cold | &
Raw Locker Rooms | ! Storage
i i &
1 1
H [
1)
I_ R
i
Raw Milk Storage ! e
i Milk ¢
OOOO! | wrsr .
H I
* v
Offices Packaging Storage i
Milk Receiving L o
A Utilities and Laboratory Ingredient Storage
B Maintenance £
s —

. ] Vehicle Traffic
General/ Non Mfg aw BasicGMP | RTE  High Hygiene  Transition  _____ __ Foot Traffic
------- Restricted Traffic
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Chemical Migationt Footbaths and Foamers
Foamers anddotbaths can help to prevent contamination from outside the facility and between ravRartel

areas, but they must bproperlydesigned andgnanagedo be effective Foamerscan be very effective
because they sprahe fresh chemicalé a designed pattern
at a designated frequency. Footbatten bevery effective

but they can also become sources of contamination if not
properly managed. Footbaths mbhg used where foamers are
not an option, such as when a dragmbt located nearby.
Footbaths are designed to bathe the soles and sides of

Manage aorwaysand transitions
for foot and vehicle traffiovith
floor foamers or spraijng devices

footwear as the employewalks through a pool of sanitizing that are timed ormotion triggered.
solution. Chlorineand other chemicaldissipate and become Sanitizer solutions should be
ineffectivefrom organic loads due to traffic through the controlled to assure:

footbath. Facility staff must ensure proper maintenance of 1 Depth of bam (2 inches to
the wash solution through frequent empiglean/refill cycles cover soles offmes)

with the propeestrength sanitizerC 2 2 (i 0 I (i Kwustbe' I  Width to coverentire
washed and sanitized on a regular basisgl should be transition area

replaced if cracked or worrForlow water useareas a dry 9 Length to covemat leastone
floor treatment such aslkaline peroxide ogranular full wheel rotation
guatemary ammoniuntan be effectiveYour sanitizer 9 Strength to be efctive
chemical suppliecan be an importat resource for identifying 1 Proper foam structure to
appropriatechemical controls. prevent rapid draining

Thermal Inactivation

The first defense againkisteriais proper @steurization
whichkillsthe organism Pasteurization often defines the
GNI yaixidAazy 27F | YI (iOddépdsteuriZBdyR ¥ <M1 <2 “ 2 L.ané @
it is importantto preventpost-pasteurization contaminatioof
in-process or finished productSeveral listeriosis outbreaks
have beerattributed to post-pasteurizationcontaminationfrom
the processing environmernd/or contaminatedingredients

Dairy plant operators must ensur
that in-process products are

For manufactureraddingpost-pasteurizatiorinclusions (nuts, handled with appropriate
fruit, berries, spices, flavors, etc.tdrice cream, cheese, yogurt  time/temperature controls. This
or other productsit is alsocritical to make sure that those is especiallymportant during
inclusbns do not contaminate thalready pasteurized products. equipmentdowntime and
These ontrols could include treatment by the supplier to reworking processes.

controlLmand other pathogens.
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PRINCIPLE #200D MANUFACTURINPRACTICESID CONTROLLEDNDITIONS

Good

Ma;ufagturing Effective

ractices = | pathogen

9 e |4k = AP = ol
Controlled

Conditions

Good Manufacturing Practice&¥P3, Personneland Behaviors

Peopleare me potential source ofrosscontaminationas theyinteract with products othe manufacturing
environment Employees and visitokgho enter production areas musie trained onGMPhygienecontrols
before entering productiomreasand everyone must comply with designated practices at all times. In
addition, production facilitiesshould have poliesand procedursfor identifying and excluding ill employees
from working in foodprocessingreas.

Handwashing is a fundamental building block of any GMP progasimandsmay come into contact with
products andproduct contact surfacesHandsnust be washed Here starting work before entering
production areaswhen transitioning across hygienic zonasg whenever they become contaminated or
soiled. Examplesnclude

V  After touching unclean surfaces.g, floors, the bottom ofitems which have beean the floor,outer
packaging layergallets, waste can®or other nonsanitized surfaces

V  After leaving the production aegline or visiting the restroom

V  After coughing or sneezing into hanolsscratching/touching exposed skin

V  After breaks

The use of sanitary gloves is common in manufacturing environmaVitéle dovesminimize human contact
with foods andshieldemployeesxskinfrom soil they must be cleaned and sanitized in the same manner as
hands. Soiled or daaged gloves should be replaced as they could be just as contaminated as unwashed
hands.

Tods and utensils used in processing areas should be inspected, cleaned, and sanitized on a regular basis to
avoidcrosscontamination Immediate cleaning ansanitizings required if they have contacted nen
sanitized surfaces includirggoves tables,equipment,walls,or floors.

Clean urforms, smocksand footwearshould be worn when entering processiaggas Footwear and
uniforms for use in processing plants shoakler be worroutside the plant. Employeeshould change their
uniforms at the endf each shifior more frequently asecessary Sanitation workers should change into
clean uniformsor coveringsvhen transitioning fromheavy cleaning to theanitizingphase.

Footwearrequiresspecial attention to ensurthat contamination isiot tracked into the production facility.
Footwear shoulde designedo be easily cleanable, should bleanedregularly, and replaced when cracked
or worn. Avoid ceeptreadsor cleatswhich aredifficult to cleanandsanitizeand carallow microbial
harborage or growth Care musalsobe taken to balanceleanlinessvith functionalityand personnesafety
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(dips and falls Visitors and contractors should be issued either
disposable foot covers @anitized reusabléotwear. here
shouldbe a docunented sanitation progranfor footwear that is
reused

Maintenance and Repair Activities
The maintenance and repair efuipment,storage areas, or

infrastructure in and around processingomsmustbe
completed with adequate controls in place to prevent
contamination Maintenance staff and contractowgho workin
product zonesnearproduct contact surfaces, and/an areas
leading to and from processing areasistfollow GMPsand take
extra precautios to protectproductsand the plant
envionment SS dal AyiaSylyoS . Sai
and Appendix G example construction plan and checklist

Catrolled Gonditions

Floors, ceilings, walland other infrastructure should be clean,

as dry as possible, and in good conditiéwctive @re must be

taken toreduce microbiaharborageto prevent the growth and
spreadof pathogens:

V  Floor grout, sealsand other joints must benaintained. Any
deterioration should berepaired as soon asoticed D
prevent creating pathogen harborage asea

V Control and eliminateandensation This is particularly
important on oraboveequipment, tankspr conveyors
Condensate couldause contaminationf product or
product contact surfaces

V Overhead areas must be cleaned and sanitized at
appropriate intervals

V The wse of highpressurewater hoses and compressed air
during productionshould be avoidetb prevent movement
of debris from nomproduct contact agas such as floots
product contactsurfaces such aonveyors, aging
shelves/boards, contact packaging materials, or product
vessels Debris and spilled food should be physically
removed or squeegeed to drains rather than pushed with a
hose/water.

V Rod leakscancontaminate production areas and must be
addressed as soon as evident.

Maintenance Best Practices

I Tools:Implement adocumented

procedure to ensurtolsare
cleaned andanitized regularly.
Tools used in RTE areas must be
properly cleaned and sdéized. A
best practice isledicaked, colof
codedtoolsfor RTEareasto
minimize the likelihood afross
contamination
Equipment:implement a

R2 OdzYy Sy (i BRT ZIMB S 563 °

program to ensure thiaproduct
contact surfacesnd food handling
equipmentare cleaned, sanitized,
and inspected before placing back
into service.

Hygienic Zonesvlaintenance and
contractor employees who have
g2N] SR 2dziaARS
or wask areas must change into
clean plan attire prior to entering
production areas
Construction/Maintenance\Work on
floorsand walls in or near processin
rooms must be done with
contamination controls in place
and/or rerouting of traffic A &Food
Safety @©nstructionPt | §Agpendix

C) should bdeveloped and shared
with affected employees prior to
major construction or renovations
SeeAppendix &@ Food Safety
Construction Plan SOP and Checklist

iKS

Tl
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V Listeriarequires moisture ad nutrients to growsominimize the availability of bothMany dairy plants
KIS T R2LIGSR | GRNE Fi22NE LRtAOE 6KSNBoeé GKS dzas
Listeria

Controlling Temperaturand Humidity

All time-temperature controls and protocofer ingredients,n-processmaterials andfinished productsnust
be followed Written programs should be in place to ensure compliance at all times including unplanned
events,equipment downtime andrework operations.Manufacturing pant temperature and humidity
should be controlled at levelgppropriate foreach processing step atide products being produced.

Trainingand Documentation
All dairy manufacturing employeeshouldbe aware of andrained on their rolein controllingListeriain the

manufacturing environment and finished produdiraining should occuwrpon initial hire prior to new job
assignmentsand must be periodically reinforcedt is important to havea standardperatingprocedure
(SOPJor training and to maintain recordbat documentemployees have been trainedeypointsinclude:

Awareness oListeriaand otherpathogensand the risk they pose to consumers

The importance of controlling the plant environment through effective cleaning and sanitation practices
Identifying, cleaning, and eliminatimjche areagndpotential harborage points
Preventingcrosscontaminationin the facility

Identifying lkely sources oListeriain the processing/packaging facility abehaviors thamight spread

the pathogenin the plantenvironment

Encouraging r effective envionmental monitoring progranand detection ofListeriaspp.in the

environment when it is presentDetectionshouldneverbe discouraged

V Listeriacontrol practices and GMPs relevant to the spegiiz the enployee will be performing

<K <K<K <LK KL<

<
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PRINCIPLE #3ANITARY FACILAND EQUIPMENIESIGN

n . Faciity and . sanaton | “onreocn lemm | Fapege
: Pathogen
Equipment Procedures Jﬁiggin == Contrc?l

Design and Controls 9

Proper sanitarylesign of facilities and equipment ia anportant, proactivestep in environmental pathogen
control. Proper design and maintenanesgll reducerisks andreducethe ongoing effors required to assure
effective cleaning and sanitatiorideally, facilitiesand equipmenwill be designed for optimal cleanability

with minimalniches, sandwich jointsr other potential harborage sitesHarborage points are locations
where Listeriaor other pathogens may survivand they are usually difficult to reach with routine cleaning.
Older plants and equipment may require modifications and upgrades to meet good sanitation staadards
some equipment will require full disassembly for progéganing. Standard Sanitation Operating Procedures
(SSOPs) must be written to compensate for any design/condition deficiencieg\peadices A & Bor
Equipment Design and Facility Design checklists.

Without adequate control programéjsteriamaygrow andbecome entrenched imnyequipment or plant
areasthat mighttrap moisture or food debrisAreasknown to harbotListeriainclude drains, cracked floors,
condensation on wallseilinggpipes, damppipe insulation, hoist chains, unsealetectrical conduits,
wrapped bundled cords, and electridélydraulic junction boxesAlmost anyequipmentcanharbor Listeria
Examples which have been historically associated Mdtteriaspp.include cooling units, drip pans, difficult
to-accessurfaces difficult-to-clean pieces of equipment such as conveyors, motor housings, bearings,
undersides of equipment, pallet jacks, forklifésd seasondlimited-use equipment.Design

detaild workmanshipconsiderations includeveld seamsgracks in stainkss steel, washerdolt threads
hollow rollers, hollowframeworkfegs, overlapped materigland presdit parts. Listeriacells ae very small
(about 0.001 mry making ay crack, creviceor gapa potential harborage locatioh

Sanitary Facility Desigfonsiderations

Both the3-A Sanitary Standar#land the Pasteurized Milk Ordinarfqerovide good references for design
Both were developed by the dairy industry aoifler excellent guidance, especially for fluid products and

4 Ay aAi RS proc&sSinghdsitidiatons There aralsoa number of situations and equipment types that
do not fit one of theformal standargd. For thesecasesa series ofSanitary Design Principles and checklists
(Appendices A & B) have been developed refined by industry professionals working with the American
Meat Institute (AMI), Grocery ManufacturerAssociatio(GMA) and the Innovation Center for U.S. Dairy
(IC) Following these guides wilklp ensure thainfrastructure and equipment can h#eaned, sanitized

and inspectedvith minimaldegradation fromrepeated exposurdo food and cleaning/sanitizing chemicals.

Highleveldesignconsiderations include
1 Equipment and facilities must be cleanable and resistaleterioration bycleaning/sanitizing
chemicals
9 Facility design should facilitate separation of raw from RTE areas.
1 Cleaning type (wet vs. dry) and frequency (daily, weekly, etc.) infludesign For example,
packaging equipment placed in a waeaned roonmust becompletely wetclean capable
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91 Slo storage €.g, raw milk)mayneed to be in wellventilated completely waskdown capable
rooms. Silo/wall interfaces must be sealed and well maintained.

1 Freezers andamlersmust be cleanable after spill€ondensate mst be minimized and
controlled.

Guidanceby specific ésignareaincludes

V  Floors

Floors areo be constructed to prevent harborage, impervious to chemicald water, easily cleanable,
resistant to wearandresistant tocorrosion. Proper design and maintenance of floors and drains is critical to
preventmoistureaccumuation and associatethicrobial growth.

Floors in wetwashed areas should prevepbolingandbe appropriately sloped to a drain. All floor joints
andcracks should be sealed. Titiiry brick or vitrified tile (a special brick with smaller pores) are
recommendedn areas with heavy equipment traffic or high temperature liquid exposéreninimal grout

line is preferred as it prevents premature degasidn when exposed to water and/or chemicalsow or

missing grout should bienmediately addressetb protect the subfloor underneatand preventwater from
seepng underneatrand beominga harborage spot for bacterigElooring professionals can perfolm &G I LJ
test¢ GKAOK A& | GSOKYAIldzS ¢ K S N&ultingindiffetencesi&udibletohdlJSR g A (0 K
Experience with this method allows the expertdeterminefloor conditions includindloor tile delaminated

from the subfloor. This information is mapped to set maintenance and replacement pdaomslithic floors

(e.g, urethane or epoxycoated require maintenance foanycracking or peelingand deficiencieamustbe
addressed quicklto eliminate harboragepoints. Expansion joints should be limited in number, bufficient

to prevent crackingClosely monitor junctions and points where equipment is mounted to the floor.

Pyramid bases around equipment legs and feet are not recommendedibeavater, foogdand bacteria

could get trapped under and inside the pyramid.

The bestlboring materiaffor your applicatiorwill vary basean multiple factors A qualifiedorofessional
should be consultetb determinethe best type of floofor eachsituation Flooring onsiderationsnclude

o Arethe currentfloor materiak/groutresistant to chemicals used in the are&a?Pe theycleanable?

o How often is the floor wet? What chemicals are used? What temperatures ayexpesed to?

0 What kindof and how often is heavy equipment traffic (forklift, pallet jack, etc.) present? Are there
safety concerns with the type of flooringg(, slip concern®n some monolithic floors without grit)?
Will pallets be placed on the floor that may cause damage fnails or scraping?

How muchdoesequipment in the areaibrate and how oftefd

How much does the equipment weigh and are special reinforcements needed?

What kind and amount of maintenance is needed for the floor?

O O O o

All vertical and horizontal joints, suchfé@or-wall junctiors, coving, and pillars/beamsiustbe sealed.

These surfaces should drain frealyd haveno pockets, ledges, nookifat surfacesor 90-degree angles.

Columns wrapped in stainless steel should be sealed at the top and bottom; painted columns should also be
sealed and no flaking paint should be present.
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Design and maintenance of ngmoductionfloors is alsomportantto preventharborage points for bacteria
Concrete surfaces should be free of pits, erosjansl voids Floors should be solid, smogtdnd sealedht
wall junctions Exterior walls should have an-it#h inspection zone at the floor/wall junction designated
and clearel from obstruction. This zone is often painted white

V Drains

Drains must beeadilyaccessible for routine inspectiocleaning sanitation andenvironmentalswabbing
Individual drains should have a cover that doesnegjuire tools for removal access to th&rainpipeshould
not be permanently blocked. Removable baskets may be used to gattbulates to minimizevastewater
solids loading Round draingversus square or rectangulame preferred because they dwt have corners
or edges that can collect soil. The inside of the drain must be structurally sound withigitoedges or
pinholes. If a two-piece drain is usedt should be continuously welded. Trench or channel draiesnot
recommended due to increasexlirface aga that must becleaned coverswvhichare often difficult to
remove, and multiple junctionahich can collectlebris or develp pinholes. Drains should be supported
with a robust foundation to prevent settling. Where possible, cleanouts should be éustaltside the
processing area.

An accurate drain map that includes all drain line distances, pipe Fig. 4. Drains
diameters, and drain locations is an invaluable tool when researchii
operationalproblems. Thenapshould be updated with facility
expansions. This map is also helpful to ensure drains remain
accessible when laying out equipment and other materials
throughout the room Raw process and RTE process sewlensld

be separated All dscharges from equipent in an area, such as

from cleanin-place CIB skids and balance tanks, should be
calculated and factored in the desigmlimit the potential for

pooling If using a wastewater treatment facility, chemical
restrictions may change the amount of watesed. All equipmentsinks and COP taniisscharge should be
piped directly to a drain with an appropriate air break or backfpreventiondevice instead of draining onto
afloor.

Maintenance of drains and drainage systems is extremely impoasuibfilms can form in the drains if they
are not cleaned and sanitized properly. Drain backarpsapotential source of largeareacontaminatiors so
procedures around special cause cleaning, sanitizing, and controlling future contamination should be
establiqied. Planed maintenance activities suchwaater jetting, snaking, pit pumputs, and other drain
repair workmusthavea dfood safetyconstruction pla#g (seeAppendixC) outlining controlof aerosols,
equipment used during the maintenance, foot and vehicle traffic, and thesading environment prior to
work starting

V Walls, Ceiling andJunctions

Walls, ceilings, and structural supports should be construtexvoid any moisture anutrient
accumulations. Constructionaterialsshould behard, nonporous,smooth and able towvithstand the
environmental, cleaning, and sanitation conditionshia area. Suspended ceilings should be smooth,
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cleanable on both sides, and have a uniform heidPromptly addressry roof or watereaks with
containment, cleaningsanitizingandidentifying when and how the leak occurredavitonmental
monitoringshould be initiatechfter any leako gauge and monitocontaminationriskand determine
productdisposition.

Table 1 Examples of infrastructure options commonly found in food manufacturing facilities

Material Typical Use Pros Cons

Glazed Cement Masonry | Walls High structural integrity, | Expensive, difficult to

Unit (CMU, or a block wall imperviousto a wide replace, regrouting

with a glaze) variety of chemicals necessary

Insulated Metal Panel Walls or ceiling Cheaper than glazed CMU Insulationis exposed if
(IMP) insulation properties, mid | metal is damage, floor/wall

range durability; can be | junctions can be

used as a watkn ceiling challengng. Caulk must be
replaced periodicallgueto
significant panel flexing
from wind shear or other
building movement.

Fiberglass Reinforced Walls or ceiling (whole Inexpensive, easy to instal Backing wicks moisture,
Panel (FRP) panels or ctias part ofaT | and replace easily damagedot
bar ceiling) recommended
Painted concrete, steel, Walls, ceiling, structural Easy to implement; Flaking paint could be a
etc. support durability dependent upon| foreign material risk; variou
environmentalconditions | levels of maintenance
and paint type required;can createniche
harboragepoints
Stainlesssteel filled with | Walls, structural column Stainless isleanable and | Covering of wall or ceiling
concrete or mounted support,silo/building impervious to a variety of | surface with stainless steel
against a wall interface chemicals sheets creates harborages

and is not recommended

Vertical surfaceo-floor junctions should have a coyg@unded edgerndbe free of pits, erosion, and voids.
Fortiled surfacesgrout mustbe maintained to an appropriate level to prevent moisture from wicking behind
the tiles. If stainless steek used on walls or pillarsuch as in a tank alcove or behimeCOP tanksealsmust

be maintained Expansion joints in walls may be necessary for structural integrity, and should be maintained
with an appropriate sealant. Closed cell or encapsulated insulation should be used where possible i
infrastructure and gaes. Alinsulation must be sealed at the ends to prevent moisture from being wicked.
Junctions should be sealelded where possiblgéhreaded surfaceshould beminimized and alithread rods
should not be usedAll utility lines and supports should lbecessible and cleanable.
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V Interior Space Design
Several factors should influence the desigmédiiior spaces includingoverall traffic flow, equipment
locations,and utility placement.Controlledflow of employees, contractors, and visitors through the facility
shoud be establishedTo preventcrosscontamination, he sanitary transport of packaging materials,
ingredients, and rerork into RTE/high hygiene areas shouldcbasciously designed as discussed in Principle
#2. Systems for the s@ary removal of trash fronmigh hygiene areas should be established and followed.
Trash collection should be properly located, maintairgeknable,and cleaed regularly It may be

necessary talesign specific employesecess for this role to avoid potential crasmtamination. There

should be sufficient access to clean building elements (columns, beams, bracings, etc.) and floor/wall
interfaces. The equipment and facility layout should allow for
access to overhead areas (ductwork, lights, etc.) for inspection
and cleaning. St@anary equipment should be elevated '
sufficiently to allowcleaning and sanitizingnderneath the
equipmentand asles should allow sufficient space for
maintenan@ and sanitatioraccess

Horizontal piping and conduits
should not be installed above exposed
product or processing equipment
V Cleaning an@anitation Infrastructure because they coulthtroduce foreign
Automated cleaning systemsjeanin-place(CIPjandclean mateniafiazalts and mey present
out-of-place(COR, should beincluded in facility desigto c_Ie_aning and sar_litizing challenges.

) ) . ) Piping should be insulatetb prevent
ensureeffective cleaning andanitizing of equr_nlentWater condensation when itsurface
temperature, flow, and pressumaustmeet specified temperature isA AT | x OEA Oiii 60
requirements at the point of use toe effective. Final rinse expected dew point.
systems should be operated at city water pressure égaity
60¢100 PSI) to limit theverspray and aerosol creatidhat is
possible at higher water pressureBarrels ofstored
chemicals should have spill containment present apills should be cleaned immediatel@IP skids should
drain directly to a drainnot ontothe floor. The backsplash behind COP tanks must be resistant to the
chemicals used in the tanlEor personnel and food safety reasor@ms should be designesith sufficient
ventilation and air exchangdser chemical vapor antlumidity control.

Frequent repair®f rooms dedicated for cleaning and saniihg operationsnay be needed due to the
infrastructure degradation Caulking, grout, and other sealingteréals are weakened by elevated
temperatures and chemicaldlo obtaingood seals, €pairs should becheduledvhen the area is completely
dry and proper cure time gvailable ClPunits andcircuitsrequire ongoing inspection and repairlefiks
(lines gaskes, and valve) to ensureproper inplacecleaning is achieved.

V  Exteriorof the Facility

The outside of the facilitynustbe maintained sdhat it does not become a potential source of
environmentalcontamination. Listeriaspp.and other contamantscanenter afacility through damaged
infrastructure, leaks, and by animal/insquests.
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Table2. Exterior fcility desigrconsiderations
Structural

Roads/walkways/parking lot surfaces?
smooth, intact, no standing water, water
drainage away from building

Walls? solid, no cracksor voids, intact
caulking from utility penetrations and
between panels

Roof? solid, flashing intact, canopies
closed, no pooling of water

Man & dock doors, windows, louvers, fas,
vents sealed and locked

Finished floor elevation higher than
adjacentgrades to prevent stormwater
ingress

Utilities

Traffic patterns
Employee
entrance, break
rooms,etc.

Visitors, trucker,
and construction
contractors

Controlled endor
deliveryt uniforms,
vending machines,
chemicas, etc.
Accommodation
for equipment that
may go outsider
into trucks/trailers

Additional considerations

Vegetation contolt nothing touching
building, 18 minimum, vegetationon grounds
chosen tonot attract insectr rodents

Site security fencing, adequate lighting

Pest contrai no visible pests, no nests, insec
attractant lights away from building

Garbage contral no loose trash ossite,
adequate receptacles

Onsite pallet and trator-trailer control
positioned to prevent unsanitary impact

Utilities interact withfood products in many ways andust notbe overlookedas potential contamination
vectors. The PMO®provides excellent guidance on the design needs and requirements of utilities setup and

canbe referenced for best practise

V HVAC

To reduce the risk of dust and contaminants migngtto higher product risk areaé\s a general guideline,
room pressureis used tacause air tdlow from high hygiene > RTE areas > raw afsasFig 3). A pressure
gradient of 0.linchor 15 Pa may be sufficienfir filtration mustbein place to reduce potential microbial
contamination with the micron size of filtration determined kthe microbiological sensitivity of the product
manufactured in the ara. If the product is sensitive to moldEPA filters may be requiredh areas where
products may not be exposed are hot processedMERV 14 filtermay be adequateSeverto ten air
exchanges per hour are recommendednost situations

In somesituations, eédicated HVAC/refrigeration systems may be needecbtttrol specific zones
1 Dehumidificaion controls forhigh moistureareas(e.g, COPpatching/cooking ared<o reduce the
potential for bacteria growth on surfaces.
1 Portable HVAC filtation unitsfor areaswith an increased likelihood of containimgntaminantssuch
as constructiorareas These areas shoute lower presurethan surrounding areaand the air

shouldbe vented or filtered

1 HVAQunits may have getting used to veninoistair to the outside during environmentahnitation

cleanups.
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V  Compressed Air

Compressed aran also become a risk if not adequately desigimedood manufacturing applicationslhe
PMOand 3-A provide design starards for compressed air systesi® The most critical aspects are the dew
point, coalescing filterand pointof-use filteis forremovingmicrobial contaminants. df compressed air
coming in contact with a RTE product the systfauldremove oi] water, smaller particulate matter down
to 0.01 micron agreater than or equal t89.99%dioctyl phthalate PDOB efficiency, and microbial
contamination down to 0.01 micron &ast99.9999% DOP efficiency with a sterile air fitteiThis aimwill
ideallyhavea dew point of4(° F.

V Potable Water

Potable water can be sourced from a municipapuvate well location. Typical potable water setups contain

a main backflow prevention device that should be inspected at least annually. Addg@mnebf-use

backflow prevention devicesr an air gap at least twice the diameter of the water supply jstebuld be set

up to prevent crossontamination of potable water supplhBoilers used for culinary steam production may

be treated with chemicals to reduce water hardness, but they should only use chemicals approved by 21 CFR
173.310. Poinbf-use filtersshould be used when water is added as an ingredient to the product. Periodic
microbiologial and heawymetal testing of watecollected at various sample points throughout the facility

should be conductedThe PMOlocal,state, or federalregulationsmay driveadditionalrequirements.

V Cooling Water

Recirculated water used for cooling should be tested at least-aemilally to ensuré meetsmicrobiological
standards.Freezingpoint depressant chemicalsalt,glycol etc.)mustbe either USP foodrace or have
Generally Recognizexs Safe (GRAS) status unless specific desiguireanents set forth in the PMO
Reclaimed water from heat exchangessaporators, and membrane processe€@ndensate of Whegr
oOWwatere) may also be used for coolifig some applicationsControlsmust bein placeto preventcross
contamination such as maintaining pressure differentiaktween the productind cooling water stream
(i.e.,higher pressur@n the product side compared to the coolingter sideat all times)

Special {Ecumstances

In the course of operating manufacturing facilitiegesial circumstancesill arise Recognizing and
preparing for either planned or unplanned evefit@able 3)s key to controlling food safety riské major rgk
introduced byspecial circumstances thepotential for contaminationbecause ofion-routine traffic
(people) traffic patterns(room segrgation, alternate routes, etc.), infrastructure disturbances,
changel/sanitation proceduresSeveral illnessutbreaks have been attributed to construction which
introduced pathogens into the @ht environment

Table 3.Types ofpecialcircumstances

Type of event Examples

Planned Nonemergency construction; a different pool of employees due to an expansi@mges
in sanitation following purchase of new equipment; or a new formula or product being
produced at a facility

Unplanned Natural disasterdlooding,water leaks (drain backups, burst pipes, leaking roofs, fire
sprinkler, etc.), and hygienic zone bahes
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Planned events requirerpparatiorsincluding the creation o food safetyconstruction plarn(see Appendix
O whichdetails rigorous proceduregor construction projecs. Agoodconstruction plan clearly
communicates the stepy-step work to be done, gives a timeline of events, identifies who will perform
mitigation steps and whenmitigation stepawill betaken. The depth of a cortiruction plan should be based
onthe location aw type of work being done in the plaras well aghe history of thearea.

Unplanned events argpically urgent anahallenging becaugs@me, personne) and material resources may

be constrained. Once the event or circumstance is contaime@dssessaent of the products and

environment affected must bemnmediatelyconducted. Investigationanvironmental pathogesampling is
important to assess the impact of the event on production areas, as well as determining if other areas were
affected through taffic. TheGroceryManufacturersAssociatio(GMA Lmguidance document provides
valuableinformationon dealing withroof issueswater leaksor drain backups?

Equipment Design
Following anitary design principleis critical to ensure cleanability ato eliminateharborage sitesvhere

microorganismare protected from cleaing and sanitation The equipment sanitary design checklist
(AppendixA) can help identify areas of improvement on either neweaistingequipment. I€y principles of
sanitarydesignfor the dairy industry include

V Microbiologically Cleanable
o Euipmentshouldbe selectedo eliminatethe potential for survival ofisteriaand other pathogens
as well asneetanyregulatiorsfor the specific product3-Aand PMGsanitary standards are a good
starting point for dairy equipmenfut they are mosapplicable to fluidanddinside the pipé
situations. is important to veriy thatall productionequipmentis cleanable to a microbiological
level andthat it will surviverepeatedcleaningcycles

Fig.6. Scanning electron micrograph o

Fig 5.Poor sanitary welds are not : .
L. monocytogenegrowing on stainless

cleanable at a microbioloaical level

s - )
ol SR - \.; Amy C. Lee WongJniversity of Wisconsin

V Made of Compatible Mterials

0 Materials usedo constructequipmentmustbe mmpatible with the productenvironmental
conditions, cleaning methodand chemicalsMost equipment in waskdown areashouldbe made
of stainless steel or other corrosigesistant, nortoxic, and norabsorbent material Rainted
surfaces should be avad. This applie® internaland externaparts that may be exposed to
product, clearing chemicalsor moisture ig 7 and8). For exampleanodized or coated aluminum
should not be used with acidic products, higgit products or whenacid cleanersvill be used.
Similarly, eme plasticgleteriorate prematurelywhen exposed tehlorinated caustic cleaners.
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Fig 7 Example of material incompatible Fig 8. Example otompatible material
with cleanina solution / method covered with stainless steel

V  Accesdile for Inspection, Mintenance Jeaning andSanitation
0 Anyinaccessible surfacgproduct or nonproduct zoneshould allow forapid, tool-free

disassembly. Fillers, pumps, valvesch pans, guards, andther equipment should be easily
disassembled for routine cleaningnstead of boltsfastenguards and catch pans in plaséh pins
orslotsthatR2 Yy Qi NBIljdzANBE (22fa F2NJ RAalaaSvyoteo L¥ L
cleaning, they are likely to be difficult to clean and could serve as harborage sitesoditp
contact surfaces should maintain a minimuni f18or clearancego minimize potential for
contamination from the floor The outerperimeterof equipmentshould have a 12clearancdrom
the floorand 36 from walls and other large equipmetd allow forcleaning

Fig 9.Splashguard requiring tool for Fig 10.Splashguard with keyhole

disassembhand creating a catch point attachment that can be removed
i 0 - . \ "wi

V  SelfDrainingSurfaces
0 Product contact surfaces should be designed to drain freely and not accumulate product/cleaning
solutions minimizingthe availability of water and nutrients to microbes. Product and CIP lines
should not have deaénds that allow liquid to collect.

Fig. 12Non-drainable and drainable designs of pipeline:
Drainage of Pipelines

Fig. 11 Thesquare tubing on the left will
accumulate soil on th#lat horizontal surface. .

By wotating 9@, or using round tubingat m'f_ SRS
surfaces are minimized e——

concentric reducer

eccentric reducer

i
concentric reducer —

|

E A
S ——
=3 <~
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V HollowAreasHermetically 8aled
0 Tubular framework,agllers, adjusable legsand other hollow structuremust not bepenetratedin
orderto preventsoil and moisturdrom geting inside It is often possible to replace a tubular
structurewith angleiron, whichprovidesopen access for cleaning and inspection. The integrity of
doublewalled vessels, such as tanks, silasgdmixers, should be monitored periodilty for pinholes
and small cracksMobile equipment(tables,stairs ladders, andheir wheelg should also be
inspected andepairedwhere necessary.

Fig. 13Hollow squardubing not hermetically Fig. 14Hermetically sealed
sealed (missed weld on one side of the leg)

hollow tubing

V  No Nches
0 Prevent accumulations of water, moisture,swil by minimizing overlappingurfaces, seams,
recessessandwich joints, and dead spof&uipment should be built from single piexef material
whenever possible toinimizeassemblywith bolts, presdfits, or other fasteners Avoid threaded
parts includinghreadedlegs.

Fig. . Accumulation/nichecreated by Fig. B. Minimize overlapping
reassembling the probe facing down surfaces with spacers
instead of up

V  Newly Acquired guipment
o0 When receiving new or used equipment, precautions must be taken to préwvieatiucing
contamination All equipment new to the facilithustbe cleanedandsanitizedbefore it enters any
production zone. Cleanliness and microbiological condition of the equipstentidbe confirmed
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by taking indicator and/or pathogen swabsheTequipment mayeed to bere-cleaned sanitized,
and checkedefore being placed to service. A best practice is to have a policy and SOP to handle

new equipment entering the plant.

o Similar precautions should be taken when useexistingequipment ismoved to differentRTE

areas

0 Used equipment presesta greater risk because its histanay beunknownand older designs tend

to be less cleanable. déitional precautionsre prudent

0 New stainless steel equipment must be passivdtegk Glossanfpr corrosion resistance and to

enable cleaning.

V Other @nsiderations

0 Nonproduct contact suiacesin close proximity to the produg¢Zone 2)and surfacesvhich will be
touched by operatorge.g, control panelbuttons, valves, switcheshould be designedsing
sanitary design principless if they were product contact surfacggeHg. 20for zone descriptions

0 Maintenance and safety encloss (e.g.motor, drive, guards, electrical boxes, etc.) shaudderbe
located over open productMotor-coolingfansshould not blowonto exposed product. Utility lines
and maintenance enclosurafiouldbe at least 12 inches off the floor, not above open product, and

of cleanabledesign

Existing Equipment with Desigp@brtunities

Many facilities have older equipmetitat may nothave
been built with currentsanitary desigmest practicein
mind. Using the equipment design checkilist, it is possib
to identify parts of older equipment that may be modifiec
for easier cleaning ani eliminate niches Examples
include replacing th@iano hingessommon onolder
mixerswith more sanitary onesand replacindghollow
rollers onconveyorswith solid ones Routine inspections
are required to ensuréhat the sanitary design of
equipment is maintained as it ages or becomes modifiec
There are mangxamples where teamwork between
maintenance, sanitation, operatienand engineering
have identifiedopportunities toeliminate nicheshat

were difficult to cleaninspect, andvhichcould harbor
pathogens.At a practical level, many upgrades may be
justifiable when the cost of incremental time for
disassembly and proper sanitation is considered as a
recurring expense.

A

~

It is important to remember that
equipment which was initially
properly designed may become

insanitary with wear. Additionally,
repair parts, modificationsand
maintenance techniques can
compromise sanitary desigs
Routinechecksshouldbe conducted
in order to promptly identify and
remedy issues

N
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PRINCIPLE #8FFECTIMELEANING ANBANITATION PROCEDURES AND CONTROLS

Effective
Cleaning and Effective
Eﬂﬂ I:E:I I:B:I Sanitation :ﬂ: E Pathogen
Procedures Control
and Controls

Having avell-designed effective cleaning and sanitizing program is an essential element of the full Pathogen
Control Equation. Enhanced cleaning procedures have been proven to compensate for weaknesses in facility
or equipment design until improvements can be implement&dth routine andnon-routine cleaning

regimensare essentiako removebacteriaand prevent bacteridrom potentially becomingersistent

Routine cleaning idefined ashe cleaning and sanitizing thatpsrformedat the end of a praletermined
productioncycle. It includesfixed and moveablétems includingorocessing equipmenhandheld tools,
product catch pang} ig3 for pushingproduct, scraperstubs, mats, cartsransfer hosesetc. All of these
can harbor bacteria if not cleaned routingnd therefore must be iddified and assigned for sanitationA
process to identify, tag, and store clean equipment should also be established.

Non-routine or periodic cleaning islefined ascleaning that is managed through the use of a Master
Sanitaton ScheduldMSShnd may include floors, walls, drains, ceilirmfber plant infrastructure andnon-
food-contact portions of equipmentThe frequency of cleaning is determined by the rishasborage the
risk ofcontaminatng products or other equiment, andother environmental factors.

Effective cleaning requires balancing fduasic variables:

Chemical Concentration

Mechanical /Manual Force orbasion
Temperature

Time

< < <<

These variables are adjusted based on the soil {fjadble 4)surface being clned, and cleaning method
(manual or automated)-or examplemanual cleaning at lower temperatures requires more force than
cleaning with arautomated systenat higher temperature and chemicalconcentratiors.

Table 4. Commondairy soils

Soil CleaningTemperature Cleaning Chemical
Butterfat 100c130xF Alkaline

Protein 120c150xF Alkaline
Denatured Protein 140c170xF Alkaline

Mineral €.g, milkstone) 130¢150xF Acid
Carbohydrate€.qg, lactose) 130¢150xF Alkaline
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Manual Cleaning and Sanitation
Cleaning and sanitation is most effective when the prggaritation sequencing followed Many
companiedollow asevenstep process

Fig I7. Seven Steps @anitation

™ Ny ™ N ™ Ny ™~

Pre | Post |

A Rinse | SRR, Rinse |

Inspect Sanitize Setup

1. PreSanitation lreparation
Remove all production supplies and waste, clgan and remove as much product debris as possible.
Do not usenhigh-pressurewater hoses or compressed air to rexe solid food residudecausehis
maymove debris around the facilitysalust andaerosols whicltould contaminateadditionalsurfaces.

2. PreRinse
Using water at an appropriate temperature for the product soil,-pnse to remove as much soil as
possible from the equipnmm@ and surrounding areaWater should be hot enough to melt fats, but
temperatures above 13(F can denature proteinsnd cause soils to adhere to surfacé$ighpressure
water or compressed air should be avoidedavoid spreadingontamination Hgh pressureanalso
drive soils deeper intequipment where removal is problematitt mayalso damag bearingsor
electrical equipment.

3. Soap Scrub
Applyan appropriate detergentio walls, floors, and equipment. dhotlet detergents dry on surfaces
Using the proper colecoded tools (scrub pad, brugktc.), apply mechanical action to remove all
product soil. Mechanical action is especially important in breaking up potential biofilms, allowing
subsequent sanitizing to be effective.

4. PostRinse
Rinseawayall chemical and remaining product residues with wdtem the top down rtain products
may require aepeat of steps 3 and 4 witin alternative type of detergent

5. Inspection
Inspect and verify that the previous steps were effectiepeat steg 3 and 4 if necessary. Inspection is
best undertaken usingtrongillumination such as a flaght.

6. Sanitize
Sanitizing is only effective if equipment and other surfaces are clean and free of organic n&stgtize
equipment, walls, floors, equipment framewgrtc from the bottom up to ensure all surfaces are
covered OnlyEPAregistered sanitizers with domented, validatedctivity against.isteriashould be
used

7. Reassemble and Rooret8p
Under sanitary conditions, wash and sanitize tools, hands and glovemvReany pooledanitizer and
condensation. Bacteria need moisture to gr@ethe production évironment should be kept as dry as
possible.Under certain circumstances it may be necessary to sam@igaeafter equipment assembly.
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CleanIn-Place(CIP)

UeanlIn-Place (CIP) iscammon routine cleaningegimenwhich isused forenclosed surfacgsuch as
pipelines, heat exchangers, tanks, and processGi®. involves the circulation dieaning solutiorthrough
pipesat a prescribed flow rater through spraydevicesballsfor vessels andquipment CIP systems use
time, temperature, chemicalgnd mechanical force to achieve maximum cleani@tPuse requireghat the
equipment is of sanitary constructipwith smooth, cleanable surfacesand isdrained. As with manual
cleaningfollowing proper sequencing is necessaryaiosurethat equipment is clean

CleanQut-of-Place(COP)

A third cleaning system @deanout-of-place(COP)With COPpartsthat require manualclearing are
disassembled and subngad in ahorizontalvesselwhichusescirculaing detergent heat, and agitation to
remove product soil COP tankmust be large enough so that padse fully submerged anare not
crowded. Overloading a COP tank inhibits fidwleaning solutions, rendering the process ineffectitd.
parts should be reassembled properly stored at the end of thEORcycle(Fig 18 and 19).

Fig. B. Incorrect storage of parts a COP tank. Fig.19. Equipmentmust befully submergedor
They should be stored in designated areas appropriatecleaning

Sanitizing

Sanitizing can be accomplished utilizing heat or chemical methoemical anitizer types include chlorine
based, iodinebased, quaternary ammonium compounds, ardiations of acid and peratic acidbased
Sanitizers can be categorized as rinsguired or nerinse. Label instructions must be followedCaution
must be exercised to avoid recontaminatieguipmentafter it has beersanitized.

It is important tosanitize only clean equipmentexcesdood soil will make sanitizeineffective. Sanitizer
solution must be tested to verify that the desired concentration is consistently present. Too little sanitizer is
unacceptable, but too much can also have dimiagkfficacy and may result in surface residuesr floors,

walls, and drainsa sanitizer with reislual properties should be usedheck with yourchemicalsupplier for
guidance orthe appropriate product to use in each situation
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Heat sanitizatiorshouldbe controlledto ensureit is adequateto Kill the target organismghile being
mindful thatexcessive heat can damage equipmeldeat sanitizing using dry steam asttwater isonly
effectivewhen appropriate temperatures can be maintainiéoughout the entire item being sanitizefdr
the apprgoriate amount of time. Heasanitizing procedures should berified for each piece of equipment
and surface.

Cleaning in Dryriwironments

A keyrule in dry dairyproductionareas is thatdry needs to stagry.£ Plantsthat process dry dairy products
and powderdrequentlyhavesomewet processingsoit is important to maintaira high level of hygiene in
wet areasand good separation to keep moisture out of the dry aredsaffic from wet to dry shoulte
controlled with transition areasListeriaspp.can survive but not grow dry (low wateractivity)
environments. Most dairy powders are lgyoscopicand will absorb moisture from the environmeifiit is
allowed to accumulatevhichcanlead to the suvival and growth oListeriaor other contaminants Cleaning
plansshould includgprevening powder accumulationproper air circulationand humidity control Relative
humidity that is either too high or too low allows particles to stick to surfadesative humidity should be
no greater than 30%.

In dry areascleaning isommony carried out usingdigh Efficiency Particulate Arrestance (HERA)
vacuums, brushes, brooms, or other means to dislodge and remove soil. These cleaningshieulsitse

kept clean and stored in a mann&hich prevents contamination and moisture buildup. Utensils should be
monitored for wear and replaced when appropriate. Vacuums anettirgning utensils should be part of the
environmental monitoring programAlcohokbased sanitizers can be used to sanitize dry product contact
surfaces. Iperiodic wetcleaning is done anywhere ihe dry processing plant, all product and packaging
materialshouldbe removed from the areanddry processing equipment naieingcleanedshouldbe

isolated toensureit stays dry.The area should be completely dry prior to resuming dry processing or
packaging.

SanitationEfectivenesdMonitoring

Monitoring, corrective actions, amtibocumentationactivities are crucial for verificiain of theeffectiveness of
0 KS Tskléwnhirigand sarfiatiorprogram Key elementsf pre-operational monitoringnclude smell,
touch, andvisual inspectiomf equipment, ATP swabbing@ndclean equipmenswabbingfor indicator
organismgsee page ) Visual inspection and ATP swabbing provide immediati®nable feedbackvhile
culture-based swalesults areused toverify cleaningand sanitizing at anicrobiological level. The results of
these monitoring activities should lieackedand trendedto verify program effectiveness and tietermine
the need for additional trainingr sanitation standard operating procedur8$%O)change. This will also aid
in the identification ofequipment desigfintegrity issus. Forcleaning proceseswhichutilize CIP or COP
temperature charts, cycle charts, and concentration checks shoutddmitored by trained personnel.

Master Sanitation Schedule

A Master Sanitation Schedul®ISS is a documented system ftine managing and tracking ofon-routine
cleaning and sanitizing tasks.ig targetsareas of the plant (both infrastructure and equipment) that are not
typically cleaned after each use or production cycle. Because these tasks axuting, it is important to
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have a comprehensivest and set cleaning frequency basedmathogenrisk, cleaninghistory, and proximity
to exposed productMaster Sanitatioriasks can be categorizedPeriodic Infrastructur€leaning (P1@y
Periodic Equipment Cleaning (PEC)

PIC Examples PEC Examples
V  Walls V  CGonveyors
V Hoors V Dryers
V  Ceilings V  Chillers
V  HVAC ductwork V Heat exchangers
V Overhead equipment (hoistheams) V Sales
V Pallet jacks V  Wear strips
V  Forklifts V  Pumps
V  Hoor scrubbers V Valves
V Spray devices

Eachtask on the MSS should have an associated 88@Bould be assigned to trained personndtach
task area shouldlsobe inspected periodically before and after cleaningitsurethat the frequency is
appropriate and that the task is being completed properly. The MSS program shoulegb&uated when
process or structural changes are made to the plant.

Special @usedeaning

There are occasiordue toconstruction specific agvities in the plantpositiveenvironmental swakresults
or otherissuesvhenit becomes necessary to perform deep or specéalse cleaning. During spedalse
cleaning equipment is disassemblddr cleaningbeyond what is routine andnhancedsanitzing
procedureschemicalsare used.

The areaaround the issue should heolatedto prevent unnecessargccess until the speciahuse claning
can be performed.f there is potential for crossontamination of productiueto adjacent traffic, the area
shouldbe roped-off or restricted until speciatausecleaning is completedAdditionalfloor sanitizing barriers
may be necessary to prevepotential spread to other areas of the production plarif.there are adjacent
lines, it mayalsobe necessaryat put temporary walls in plad®e preventcrosscontamination During the
cleaning procesemployeesshouldtake precautions to prevent crosontamination.The employees
performing the cleaninghouldnot return to their normal production tasksntil steps such aa uniform
change footwear changes, showers, hamehshing, and tool decontaminatiarccur.

During speciatause cleaning greriodic deep cleaningquipmentshould bedisassembledo expose
internal surfacs. Anyoverlappingpartsare disssembled to exposall surfaceandbolted/ fastenedparts
are separated If the equipment is complex, the equipment manufacturer may be ghed to support the
teardown. After removal ofanysoil and subsequent deep cleaning, different sanitizing methsiebuld be
considered based on accesssurfaces presence of electronic components and motasg other factors
Someoptions are:

V A sanitizer with oxidizing capability, such as chlorine dioxide or peracetic acid.
V  Alcohol wipedor electrical boxes iocontrol panelgdhat mustremaindry.
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V  (hlorine dioxde gasmay be usedfithe area can be safely contained
V  Steaming by shrouding the equipment and injecting live steaengure the coldest spatactes160 xF
for 30 minutesminimum

The last two methods areffective for complex equipmentith poor acces$o all surfacesAfter the deep
cleaning is completed and the equipment is reassemfiteglentire area including floors and any nearby
drains should be sanitized prior to retumnmj to production.A swabbingegimenshould be put into place to
confirm that the cleaning was successful dhat the area no longer poses a contamination risk.
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PRINCIPLES#ENVIRONMENTARATHOGEN MONITORING

Environmental Effective
ot o ok dfls|  Pathogen B3| Pathogen
Monitoring Control

A robust environmental monitoring platesigned to verify the effectivenesstbi pathogen control
programsis an importantcomponent of ay food safety plan.Top management commitmerind
involvement in the design and execution of this pisuaritical and should includegular reviews of
environmentalresults,trends, corrective actions, ardtivingcontinuous improvementA succesful plan
alsodepends on detailed planning, propersourdng, definition of roles and empowerment ofhe
responsiblepersonnel.

A goodListeriaEnvironmentaMonitoring Planl(EMP has various components that work together
V  FacilitySpecifilRiskAssessment
V ListeriaMonitoring Plan
1 What organisms tononitor for.
1 Sampling frequency
1 Number of samples to be collected
1  Where and when samples will be collected.
1 Samplingandtestingmethods
V Evaluation of Result§Vhenis actionto be taken and corrective action confirmatory sampfting
V  Documentationand Followup

FacilitySoecificRiskAssessment
In order toidentify areas of vulnerabilityeach facility mustollect relevant background informaticaand

perform afacility-specific evaluationThis will aid irdeterminingthe number, locationand frequency of
sample collection and provides a vdidindation for the program based on risk 24month review of
background information iglealwhenbuilding or updating 4 EMP program because it will incluskasonal
environmental changes, production volume/ntltanges, personnel vacations, holidaysd other cyclical
factors whichimpact the plant environmentFacility assessmergonsiderationsnclude

o Product exposure to the processing environment after pasteurization but prior to packaging.
Human handling of product prior to packaging
Traffic flows and human interactions with products and equipment.
Physical separation of raw and RTE.
Extended processing and its impact
Equipment and facility design challenges.

O O O O o
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Developing a Sampling Plan

V  What to Test Follisteriaspp.or L. monocytogenes

Listeriaspp.are a broad indicator group whictvhen detectedsignal that conditions are also favorable for
Lmgrowth or survival.The goabf a LEMRs toaggressiveljook for, find,and eradicateall Listeriaspp.from
the processing environment, ensuringetabsence ofm Aprogram based odetection ofListeriaspp.is
more conservative thanne monitoring forLmspecifically Listeriaspp.will be foundmuchmore frequently
in the environment Another advantage dfisteriaspp. monitoring is the time to resuitsenvironmental
swab test resu may be available in less tim&aster results will drive a more rapid response and
intervention actions.lIt isconsidereda best practice to monitor for the presencelateriaspp

V  Where toSample

The goal of a good LENH0 aggressively seek and fimahy Listeriaspp.present in a facilitgo that it can be
eliminated Product contact surfaces, processing rooms, and areas adjacent to processing anederaeel
toinad SNASa 2F &dz00Sikga A @dBBoBB £ & NA SN BINR RE&O(Zodeg ¢ (I O
mightincludea floor in a warehouse. The objectivetioé zonedesignationss two-fold: 1) developinga

mindset of taking actions to prevent pathogen travel through adjacent zones to prodotdct surfacesand

2) establishing a common set of terms for discussamsng practitioners. ahes are definethased on the
proximity to theproductand potential risk of contaminatiéh(Fig.20). Zone designations are generally

fixed, but could be dynamic depending on the facilities layout, personnel activity, or equipment conditions.

There is anmportantRA FF SNByYy OS 0 S 614 3$ Yysifed by Hoatoase{ 41yoR al Y LI Ay 3
arethe specific physical location of the sample (esbaft of motor #43, handrail on blender deck, left guide

on product conveyorwhich must be recorded with each sampleor example, your sampling plan for
monitoring Zone 2 on a particular manufactugitinewould contain a lisof all specific sampling sites that are
non-food contact surfaces immediately adjacentzme 1. TheZone Jlist wouldcontain sampling sites

further from Zone 1 and adjacent #ione 2, and so orfsee Table 5)

Fig. 20. Envonmental monitoring zones

Perform more
environmental i Zone 4 Areas outside processing rooms
tests here. e.g. doorways, walls, drains (non-processing)

T Other locations within RTE / High
Zone 3 Hygiene processing areas

e.g. table legs, floors, drains (processing)

Zone 2 Non-Product Contact Surfaces (near zone 1)
e.g. guides, control panels, aprons

Product Contact Surfaces
To prev;nt _f°°d S Zone 1 e.g. utensils, conveyors, people
contamination here.

a dzN
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Table 5 Additional iformation on zones and sampling

Description Examples

Zonel Productcontact surfaces Filling headshoppers, scrapers, utensils,

packaging equipment surfacgsroduct contact
conveyors brine

Zone2 Nonproduct contact arfaces neaZonel SitesnearZone 1 which might includeitems
which, if contaminated could reasonably aboveexposed productpackage guides,
contaminate product contacturfaceghrough | equipment legs, frenework, motor housings,
normal operations tanklids, control panels, scrap carts, conveyors

HVAC vents, air filters, floor mats at packaging

Zone3 Other locationswithin RTE or lgh Hygiene RTE or lgh Hygieneprocessing room floors,

processing areasRemote chance of walls, surfacesyall/floor junctions,cleaning
contaminating producbr productcontact tools (brooms, squeegees), floor scrubbers,
surfacesunder normal practicewithout forklifts, floor drains, ceilinglrainpipes wash
mechanical or human intervention stations, ingredient storage areas, transition
rooms, etc.
Zone4 Areas aitside processing room Warehouseslaboratory, lockers, break roos,

compactor areaspffices, maintenance shops

(Adapted from ICMSF 2002)

A samplingplanshould be dynamic and robust, incorporaiatatic, rotatingand random sitewith planned
guantities that take into consideration risks such as raw/RTE crossover, facility/equipmearicgrndition,
history,andproduct type. Sampling PlarZonsiderations include:

o

Routine sampling is focused in Zones 2 and 3 to obtain early indicatigstefiaspp.presence in the
environment

Areas historically associated witlsteriaspp. growth (.g, hollow rollers on conveyors, gasket material
around doors, hollow supportreictures, grease inside bearings, slicers, dicérp pans, condensaje
should be preferentially included in the plan

Focus on the most critical arsaf the plantincludingthe area between theik step and final packaging.
Check interfaces, trangin areas, and barriers between raw areas and RTE toeasify the
effectivenesf separation.

Sample collection personnghould have the freedom to sample additios#esbased on observations
Zone 4 sampling is less frequent, used to determihether transient microorganisms are present that
may pose an eventual risk to the RTE areas or for investigational purposes. Samplingdumtion and
transition areas may also help to assess the effectiveness of preventive controls.

Acrosdunctionalf 22 R &l ¥FSGe GSIY gAGK 1y2¢f SR Pracicesisi KS
in the best position to develop a list of sampling sites. A site map identifying facility layout, traffic flow
and hygienic zoning areas should help drive site selection

Each company will need to design a plan appropriate for their own situation, but Zone 1 Listeria spp.
testing is not routine in the dairy industryt is conducted upon direction of your Food Safety Expert,
who determines a need for it and who wilkalensure that product is held from shipment to customers
pending results of such samplingesting for and findingisteriaspp. on a product contact surface does
not automatically mean that product is contaminateklowever, product disposition of potéally
exposed product must be determinewnsidering likelihood of transfer, the ability of the product to
support growth, and the intended use

L3t I
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V  When to Sample

Routine environmental sampling is performed during productaireastfour hours intothe production

cycle Longer production cycles may warrant sampling later in the run, starting at least halfway between
sanitation cyclesThis timing is recommended because hady® sites manot be identifiable immediately
after cleaning and sanitatio Listeriaspp.established in a nichmaywork their way outwith vibration and
moistureas equipment is operatedome samples can only be collected safely when equipment is not
running, these samples can be collec&dhe end of production beforeleaning or any other time the
equipment is idle and can be safely accessed.

Routine sampling should be conducted omimimum frequencye.g., daily, weekhpi-weekly) based on
individual facility conditions, circumstancesd hisory. Timing should rotatéo ensure situations are
monitored across all days, shifts, plant areas, and zoWasying imingto represent the etire production
schedule and te@apture events that only occur periodicalill helpin investigating anyssues.SomeZone
4 sites may only be sampled monthly or quarterly.

For nonroutine, investigationalor special events swabbing, fingis determined by the specific
circumstance.Sample when conditions are not typicalich as duringudits, tours, construabn, etc.
Always sample when a drain backup or roof leak occAicklitionally, a processhould exisfor swabbing all
new incoming equipmentand pre and postswabbingfor construction.

Beyond your routine sampling siteisis also a googractice to perform some random sampling as a further
check that the facil& ®dthogen control programs are working as intended.

V How OftenandHow Many 8mples
The number of samples collected will differ by zone, the risk to exposed pr@ohecthe conplexity of the
production system. The overall number of sdegptaken each week is facilitgnd productspecific
Considerationgnclude, but are not limited to
o Facility sizesome companies usageneral guideline of 1 sample/1000 $g/week.
0 Process conditiondegree ofRTEproductexposure to the planénvironment, humarhandling prior
to packaging, product temperatuia packaginghot fill vs. cold fill).
Product risk assessmendoesthe product support survival or growth of pathogens?
Candition of the processing facilitfloor, overhead, wall conditions, age, product flow, etc.
Sanitary condition of processing equipmewtelds, cracks, pitted, material, easily cleaned, etc.
External fistorical dataand recent outbreaksndustry environnental monitoringnorms recent
product or ingredient concerngherent risk profile of product typestc.
o Other factorsdistribution conditons, shelf life, intended useargetdistribution channelif product
is forhigher risk consumers (young, old, pregnant, immunocompromised)?
o Flexibility planshouldaccommodateaoutine as well as investigational, validatj@md verification
objectives

O O O O
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V  Samplingand &mpleTransport
o0 Trained plant personnel should collect samples aseptically using hygienic handling practices.
o Individuals samplinghould proceed N2 Y & Ol B lya (i 2 arta® th Svbidtrése® I A Sy S
contaminationof the facility. This mean&one 1product contactsurface(PCS$wabsare taken
before nonPCS swalend RTERreaswabsbeforenon-RTE areas
o Sterle sponges are effective for sampling large arneag, 12x12
inches)and smalletswabg may be used for small or diffictib-

access areas. Spongaslswabsmustbe moistened with an It is important to recognize
appropriate buffer solution.f residual cleaners or sanitizersay that swabbing requires
be present on sample sites,buffer containing aeutralizing agent abrasion/firm rubbing to
mustbe used Consult with your testing laboratory or technical enhance the chances of
expert regarding the choice of buffer solution. finding areas where biofilms
0 A separate gonge or swab should be used fach distinct site. may have been established

Forsponges, samplas large an areas reasonably possibiesing
firm rubbingabrasionto enhance the chances of findiegganisms
where biofilms may have establisheBor long pipeines or
inaccessible assemblies, rinsing withudfer solutionandthen testingthe rinsateis an acceptable
practice

o Compositing samples to reduce testing costs should be considered only in ra&iMigrograms
where positive results are rar€ompositing can causkelayed or confusel corrective action.Up to
five separatesponges may be combined into of@omposite sam@ dor testing. Do not composite
swabs from different zonesSample ompositing should not bdoneduring an investigation. In the
event of a suspect result on a composiachsite must be treated as spect. Consult with your
testing laboratory regarding compositing protocol.

V Selection of &stinglLaboratoiies
It is important that youtesting Bboratoryis accreditecandreliablefor the desiredtests It is recommended

that the laboratory beaccredited to ISQ7025 or have a management system to address the key
components of an accredited laboratory:

Staff competency and documented training

Test methodsdocumented and based on accepted standards

Equipment fit for purpose and appropriatelylitaated.

Documented QA program including proficiency testing

Internal audits of lab operations

o Internal environmental monitoring to help evaluate if conditions are impacting client results

o O O

The laboratory should be experienced in testing of environmental monitoring samplesteriaspp.and
should useonlytest methods that are recognizem accreditedfor product or environmentalesting These
methodsare described in the FDBacteriobgical Aalytical Manual, ISO ethods or validated through
recognized validation bodies, such as AOAC.
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Results Tracking andenhding

Results should be reviewed s@on as practical after receiptt is recommended that &cility map be used
to indicate where sample sites are located and to indicate where positive results ddepping gives a
visual depiction of the sites in relation to equipment, traffic roytasd convergence areasd may lead to
identifyingpatternsnot otherwiseapparent(Fig. 4). Indicatesampling time to identify shift, before/after
sanitation, etc.Afood safety team should monitor and revieWEMP data on a regular badtoking for
trends or patterngFig. 22)

Fig 21. Example map format for tracking and trending
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Fig.22. Example spreadsheet fanat for tracking and trending
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Case fudy 17 Eliminating a Growth Niche
During routine sampling in a processing room, a floor sample under a conveyor and near a metal
detector came back with a presumptive positive lidsteriaspp. during operation.

The food safety team immediately conducted investigational swabs on neecktigrss of the floor, on
equipment framework, legs, guards, and bearings/shaftivestigational swabs were taken after
cleaning and during operations.

All postcleaning swabs came back negative with the exception of one near a bearing housing) (Fig
During operation, other sites adjacent to the bearing housing were also positive.

Fig. 23.Sandwich area formed by the bearing housing and framework where
Listeriaspp.had established a niche and the framework had rusted

Maintenance disassembled the bearing housing and noticed rust on the housing and the framewd
They changed the housing and asked sanitation to clean and sggiti@aernary ammonium) the
framework. To verify the effectiveness of their actions, the new housing and the sanitized framew
were sampled fotisteriaspp. The results were negative for the new housing but presumptive posi
for the framework.

Maintenance removed the housing and used a different type of sanitizer (akbaseld). The swab stil
came back presumptive fduisteriaspp.

At that time, maintenance decided to remove all the rust on the framework by buffing and sanitizirj
Following hese actions, the results were negative fdsteriaspp. on all surfaces adjacent to the
housingincludingthe floor.

This case study highlights the importance of vectoring to identify a nichéharichportance of
verifying the effectiveness of the actis taken.
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Response to ésultsand Corrective Actions
Respondingo a positive resultequires:

V Isolateand limit traffic in/around the area. Resampleeas repesented by the positive sample

V Conduct ahorough investigtion/risk analysis of area

V Complete vector swabbingf the first opportunity, before cleaning if possibte,better determine

the contamination source
V dean the affected area

V Determire root cause andmplementlongterm corrective action forthe root and contributing
causes. In the event lortgrm correction must be delayed, mitigation steps/temporary actions
must betaken to prevent spreading and/ contaminating prodct/product contact surfaces

V Determine if finished product testing is warranted based on proximity of positive result to exposed

finished prodict.

The immediate respong® a positive is to resample ¢harea or equipment extensively in order to isolate the
specific site, especially if the test sample had been composlfgubssible, limit access to this area to
preventmovingthe pathogento other areas of the facilitylt is possible that equipmemhay have to be
disassembled in order toe fully inspecéd and cleard. Then toroughly ¢ean and sanitize the affected
area. When cleaning the areagrify thatthe standardprocedures are adequate for the equipment/area to
be cleaned. Mechanical actigelbow grease)s necessary for the removal of biofilms.

Completea vector analysis of the area tet@rmine how the organism
may have been introducedbut be careful not to spread any potential
contamination Look up, dowpandin all directiong360 degreeyfor
potential sources The investigation should includeeview forleaks,
crevices, metaljints (welded and bolted), broken doose tile, hollow
areas, air handling unitand air flow. Include both stationagnd
transient equipmenin the investigation Be sure to inclde traffic
patterns in the aregas they are @otential source as welks a risk of
tracking the orgnism to additional areas. Tlamalysis should include
inspections using your senses (sight, smell, touch) as well as a regir
of investigatioml swabs to assist in locating the sourdeollowup
sampling is performed afterieaning(see sidebar).

Corrective actions must always
include reswabbing of the area
under similar conditions to verify
that remediation efforts have been
successful. Each facility should
establish a required number of
consecutive negative results before
consideringi KS I NEIThisx Of S| vy
numberis often 3, bummay vary
based orthe zone andyeneral
environment Fthe zone hs

multiple traffic patterns, reswdting
should be conducted based an
complete cycle of traffic or
processinglt is critical to document
all investigations and corrective
actions as well aoflow-up testing
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